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TUYEN BO BAN QUYEN
Tai li€u nay thudc loai sach gido trinh nén cac r}guén thong tin c6 thé dugc phép
dung nguyén ban hoac trich dung cho cac muc dich vé dao tao va tham khao.
Moi muc dich khac mang tinh I¢ch lac hoac str dung vé1 muc dich kinh doanh thiéu
lanh manh s€ bi nghiém cam.



LOI GIOI THIEU

Kién thirc mén hoc Chu tric dit liéu va giai thuat 1a mot trong nhiing nén tan co
ban cua nhiing nguoi mudn tim hiéu sau vé Cong nghé thong tin dat biét dbi véi viec
lap trinh dé giai quyét cac bai toan trén may tinh dién tur. Cac cau trac dir liéu va cac giai
thuat duoc xem nhu la 2 yéu td quan trong nhit trong l4p trinh, dung nhu ciu néi ndi
tiéng ctia Niklaus Wirth: Chwong trinh = Ciu trtic dit liéu + Giai thuét (Programs = Data
Structures + Algorithms). Ndm viing cac cdu tric dir liéu va cac giai thuat 1a co s¢ dé
sinh vién tiép can véi viéce thiét ké va xdy dung phan mém ciing nhu st dung cic cong
cu lap trinh hién dai.

Céu trac dir liéu c6 thé duge xem nhu 14 1 phwong phap luu trit dit liéu trong méay
tinh nham st dung mot cach ¢6 hiéu qua cac dir liéu nay. Va dé str dung céc dit lidu mot
cach hiéu qua thi can phai c6 cac thuat toan ap dung trén cac dir liéu do. Do vay, ciu
trac dit liéu va giai thuat 1a 2 yéu t6 khong thé tach roi va cé nhiing lién quan chit ché
v6i nhau. Viée lua chon mét cu trac dit liéu c6 thé s anh hudng 16n té1 viée lya chon
ap dung giai thuat nao.

Vé nguyeén tac, cac cau tric dir liéu va cac giai thuat c6 thé dugc biéu dién va cai
dat bang bét ctr ngdn ngir 1ap trinh hién dai nao. Tuy nhién, dé c6 dugc cac phan tich
sau sac hon va mo6 pham, c6 ket qua thuc té hon, chung ti da sir dung ngén ngir twa C
va C++ dé minh hoa cho céc céu trac dix liéu va thuat toan.

Noi dung gido trinh dugc bién soan voi dung luong thdi gian dao tao 60 gid gdm
6 bai:

Bai 1: Thiét ké va phan tich giai thuat

Bai 2: Cac kicu dit liéu co s&

Bai 3: Mang, danh sach va céac kiéu dit liéu triru tuong

Bai 4: Cay

Bai 5: Sap xép

Bai 6: Tim kiém

Gido trinh ciling la tai liéu giang day va tham khao t6t cho cac nghé quan tri mang
va ing dung phan mém.

Mic dau c6 rat nhiéu cd gang, nhung khong tranh khoi nhimg khiém khuyét, rat
mong nhan dugc sy dong gdp y kién ctia doc gia dé gido trinh dugc hoan thién hon.

Can Tho, ngay 27 thang 08 nam 2021
Tham gia bién soan
1. Chu bién Lu Thuc Oanh
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GIAO TRINH MO PUN

Tén md dun: CAU TRUC DU LIEU
Ma& m6 dun: MP 09
Vi tri, tinh chit, ¥ nghia va vai trd ciia md dun:

Vi tri: sau khi hoc xong c&c mdn hoc Tin hoc, Lap trinh c¢dn ban
Tinh chat: Cau trdc dit liéu va giai thuat 1a moén co sé nghé bat budc.

- Y nghia va vai trd ctia mon hoc: La Mén hoc co s, giup sinh vién budc dau 1am
quen vd&i cau truc dir 1i€u va lap trinh C, C++.
Muc tiéu ctiia mo dun:
Kién thuc:

- Hiéu duoc mdi quan hé gitra cau tric dix liéu va giai thuat trong viéc xay
dung chuong trinh;

- Hiéu dugc y nghia, cau truc, cach khai béo, cac thao tac cua céc loai cau
trdc dir liéu: mang, danh sach lién két, cay va cac giai thuat co ban xur ly
cac cau trac dit liéu do;

K¥ nang:

- Xay dung duoc cau tric dir liéu va mo ta tuong minh cac giai thuat cho
mot so bai toan (ng dung cu thé;

- Cai dat duoc mot so giai thuat trén ngbn ngir 1ap trinh C;

V¢ nang luc tu chu va trach nhiém:

- Coi viéc hoc modn nay la mot nén tang cho cdc mon hoc chuyén mén tiep
theo, nghiém tlc va tich cuc trong viéc hoc ly thuyét va lam bai tap, chu
dong tim kiém cac nguon tai liéu lién quan dén mén hoc.

N§i dung chinh cia mé dun:

Thoi gian (gio)
Tén céac bai trong mé dun Thuc
) hanh, |
So Ly thi Kiém
T Tong s6 thuzét nghiém, | tra
thao
luan,
bai tap
1 Bai Al: Thiet ke va phan tich giai 8 4 4
thuat
1. M¢ dau 0.5
2. Thiét ké giai thuat 0.5




Phén tich giai thuat

M6t sé giai thuat co ban

Thuc hanh

Céc kiéu dir liéu co sé
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Céc kiéu dir liéu co ban

Kiéu dit liéu c6 ciu trac

3.

Kiéu tap hop

4.

Thuc hanh

Bai 3:

Mang, danh sach va cac

kiéu dir liéu triru twong

16

1.

Mang

2.

Danh sach lién két

3.

Cac kiéu dix liéu triru twong

Thuc hanh

Kiém tra

Cay

Khéi niém vé cay

Cay nhi phan

3.

Mot s6 bai toan @ng dung

4.

Thuc hanh

5.

Kiém tra

Bai 5:

Sap xép

1.

Sap xép kiéu chon, chén, noi
bot

Sip xép kiéu phan doan

Sap xép kiéu hoa nhap

Thuc hanh




5. Kiém tra
Bai 6: Tim kiém 8 6 2
1. Tim kiém tuan tu 2
2. Tim kiém nhi phan 2
3. Cay tim kiém nhj phan 2
4. Thuc hanh 2
Tong cong 60 30 27




BAI 1: THIET KE VA PHAN TiCH GIAI THUAT
Ma bai: Mb09 - 01
Giai thiéu:

Tong quan vé giai thuat. Pau tién Ia cach phan tich 1 vén de, tir thyc tién cho toi
chuong trinh, cch thiet ké mot giai phap cho van de theo cach giai quyet bang may
tinh. Tiép theo, cac phuong phap phan tich, danh gia @6 phuc tap va thoi gian thuc hién
giai thuat cling dugc xem xét trong chuong.

Muc tiéu:
+ Hiéu duoc méi quan hé giira cu trac dix liéu va giai thuat;
+ Biét duogc cac cach tu duy vé tién trinh phan tich va thiét ké thuat toén:;
+ Biét cach danh gia do phic tap thuat toan;
+ Hiéu duoc mot sb giai thuat co ban;
+ Viét twdng minh mot sé giai thuat;
+ Nghiém tuc, ti mi trong viéc hoc va van dung vao lam bai tap.
Noi dung chinh:

1. Mé dau

C6 thé n6i rang khdng cd mot chuong trinh may tinh nao ma khong cé dir liéu dé
xu ly. D@ ligu c6 the la dir liéu dua vao (input data), dit lieu trung gian hodc dit
litu dua ra (output data). Do vay, viéc t6 chirc d€ luu trir dir liu phuc vu cho
chuong trinh c6 y nghia rat quan trong trong toan bo hé thong chuong trinh.
Viéc xay dyng cau truc dix lieu quyet dinh rat I6n den chat luong ciing nhu cong suc
cua ngudi 1ap trinh trong viéc thiét ke, cai dat chuong trinh.
2. Thiét ké giai thuat

Khai niém giai thuat hay thuat giai ma nhiéu khi con dugc goi la thuat toan dung
dé chi phuong phap hay cach thic (method) dé giai quyét van dé. Giai thuat c6 thé duoc
minh hoa bing ngdn ngit ty nhién (natural language), bang so do (flow chart) hoic
bapg ma gia (pseudo code). Trong thuc té, giai thuat thuong dwgc minh hoa hay
thé hién bang ma gia tua trén mot hay mot so6 ngdn ngit lap trinh nao do (thuong
la ngbn ngir ma nguai lap trinh chon dé cai dat thuat toan), chang han nhu C, C++?

Khi di xac dinh dugc ciu tric dir ligu thich hop, nguoi 1ap trinh s& bat
dau tién hanh xay dung thuat giai tuong g theo yéu cau cua bai toan dat ra trén co
s& cua cau tric dir liéu da duoc chon. Dé giai quyét mot van dé cd thé co nhiéu
phuong phap, do vay su lua chon phuong phap phu hop la mot viéc ma nguoi lap trinh
phai can nhac va tinh toan. Sy lya chon nay ciing c6 thé gop phan dang ké trong
viéc giam bét cong viéc cua nguoi ap trinh trong phan cai dat thuat toan trén mot
ngon ngtt cu the.
3. Phan tich giai thuat

M&i quan hé giita cau tric dit liéu va Giai thuat c6 thé minh hoa bang dang thic:

Cau trdc dir liéu + Giai thuat = Chuong trinh
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~ Nhu vy, khi da c6 cu tric di ligu tot, ndm ving giai thuat thuc hién thi viéc
thé hién chuong trinh bang mot ngdn ngi cu thé chi la van dé thoi gian. Khi ¢o cau tric
dit liéu ma chua tim ra thudt giai thi khong thé c6 chuong trinh va nguoc lai
khong thé cd Thuat gidi khi chua c6 cau tric dit liéu. Mot chuong trinh may tinh chi
c6 the duoc hoan thi¢n khi co6 day du ca Cau tric dir ligu dé luu tr¥ dir licu va
Giai thuat xu ly dir liéu theo yéu cau cua bai toan dat ra.
3.1. Phén tich tinh ding dan

~ Thiét ké xong mot thuat todn cau hoi luon ludn phai co do 1a thuat toan dwoc thict
ke da dung chua? Cach don gian nhat ma duoc su dung thong dung d6 la viet chuong
trinh chq thuat toan da thiet ke va chay thu chuong trinh v6i nhicu b dit li¢u Vao Cu j:hé
(tests) d€ kiém tra di liéu ra co chuan xac hay chua. Tuy nhién, cach nay ciing chi khang
dinh duoc thuat toan dang véi cac truong hop cu‘thé ma théi. Cé mot cach khac chung
minh dugc thuat toan dang d6 la chitng minh bang todn hoc. Nhung vai cach chung
minh thuat toan dung bang toan hoc thi phuc tap hon nhi€u va doi hoi nhieu kien thuc
tong hop ca veé toan hoc va tin hoc cong vai kha nang cia ngudi thuc hién viéc chang
minh thuat toan
3.2. Phan tich tinh don gian

Doi v6i cac chuong trinh chi ding 1 vai lan thi yéu cu giai thuat don gian sg
duge vu tién vi chung ta can 1 giai thuat de hiéu, de cai dat, ¢ day khong d€ cao van dé
thoi gian chay vi chung ta chi chay 1 vai lan.

Tuy nhién, khi 1 chuong trinh str dung nhiéu lan, yéu cau tiét kiém thoi gian s&
dugc dac biét vu ti€n. Tuy nhién, thoi gian thuc hién chuong trinh lai phu thugc yéo rat
nhiéu yeu to nhu: cau hinh may tinh, ngén ngt su dung, trinh bién dich, dir liéu dau vao,
... Do d¢ ta khi so sanh 2 giéi thuat da dugc implement, chua chac chuong trinh chay
nhanh hon da c6 giai thuat tot hon. “b¢ phurc tap cua thuat toan” sinh ra dé giai quyet
van d¢ nay.

4. Mot so giai thuit co ban

4.1. Hoan vi hai phan tir

1. Bai toan

INPUT:  Nhap gia tri cho hai bién A va B.

OUTPUT: Xuét bién A va B vai hai gié tri dugc hoan doi.

Vi du: Nhap A=12,B=50thiinra A=50, B =12.

2. Trao d6i gia tri cia 2 bién A va B thong qua bién trung gian tam:
B0 Bat dau

B1 Nhap giatricho AvaB

B2 Bién tam lay gia tri caa A ( Goi la gan gia tri A cho tam , viét tam := A)
B3 A lay gia tri cia B ( Goi la gan giatri B cho A, viét A:=B)

B4 B lay gia tri cua tam ( Goi la gan gia tri tam cho B , viét B := tam)
B5 Thong bao két qua

B6 Két thic



4.2. Tim s6 16n nhit, nhé nhat

Tim phén tir ¢6 gia tri LON nhét ciia| Tim phan tir ¢6 gia tri NHO nhit cia diy

day so. sO.
* Y tudng: * Y tuong:
+ Khoi tao gia tri MAX = ax. + Khoi tao gia tri MIN = a

+ Lan lwot vé’i i =2 dén N, so sanh so|+ Lan ll:t’()’f véii =2 dén N, so sanh s6 ai véi
ai voi MAX, néu ai > MAX thi MAX = aj |MIN, néu ai > MIN thi MIN = a;

* Xac dinh bai toadn: * Xac dinh bai toan:

[ Input: N, a1, az, ..., an ] Input: N, a1, az, ..., an

[ Output: Phan tir c6 gia tri 16n nhat. | Output: Phan tir c¢6 gia tri nhod nht.

* Xay dung thudt toan: * Xay dung thudt todan:

Buoc 1: Nhdp N va day ai, az, ..., an. Buoc 1: Nhdap N va day ai, az, ..., an.

Buoc 2: Max = a1, | = 2; Budc 2: Min=ay, 1 = 2;

Budc 3: Néu i > N thi dwa ra gid tri Max\Buoc 3: Néu i > N thi dwa ra gia tri Min roi
roi ket thuc; ket thuc;

Bude 4: Néu ai > Max thi Max = a;; Budc 4: Néu ai < Min thi Min = a;;

Buwéc 5:i =i+ I roi quay lai Bude 3;  |Bwée 5:i=1i+ 1 roi quay lai Buéc 3;

4.3. B¢ quy
Thiét ké giai thuat dé quy
Thuc hién 3 budc sau:
Tham sb hoa bai toan
Phan tich truong hop chung: Dua bai toan vé bai toan nho hon cung loai, dan dan

tién t6i truong hop suy bién
Tim trudng hop suy bién

4.4. Chia @é tri
Giai thuit chia dé tri (Divide and Conquer) 12 gi ?

Phuong phap chia dé tri (D1V1de and Conquer) la mdt phuong phap quan trong
trong vi¢c thlet ké cac giai thuat. Y tuong cua phuong phap nay kha don gian va rat dé
hiéu: Khi can giai quyét mot bai toan, ta s& tién hanh chia bai toan d6 thanh cac bai toan
con nho hon. Tiép tuc chia cho dén khi cac bai toan nho nay khong thé chia thém nita,
khi d6 ta s& giai quyét cac bai toan nhé nhat nay va cudi cing két hop giai phap cua tat
ca cac bai toan nho dé tim ra giai phap cua bai toan ban dau.
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a b c d e f g h i i Problem

Divide a b c d e { g h i i Sub-Problem
Conquer A B C D E F G H | J Sub-Solution
Merge A B € D E F G H I J Solution

N6i chung, ban c6 thé hiéu giai thuat chia dé tri (Divide and Conquer) qua 3 tién trinh
Sau.:

Tién trinh 1: Chia nhé (Divide/Break)

. Trong budc ndy, chung ta chia bai toan ban du thanh cac bai toan con. Mdi bai
toan con nén la mdt phan cua bai todn ban dau. No6i chung, budc nay sir dung phuong
phép dé qui dé chia nho cac bai toan cho dén khi khong thé chia thém nira. Khi d6, cac
bai toan con dugc goi 1a "atomic — nguyén ti", nhung ching van biéu dién mot phan
nao dé cua bai toan ban dau.

Tién trinh 2: Gii bai toan con (Conquer/Solve)

. Trong budc nay, cac bai toan con dugc giai.
Tién trinh 3: Két hop 10i giai (Merge/Combine)
. Sau khi céac bai toan con da duoc giai, trong budc nay chung ta s& két hop chiing

mot cach dé qui dé tim ra giai phap cho bai toan ban dau.
Han ché ciia giai thuét chia dé tri (Devide and Conquer)
Giai thuat chia dé tri ton tai hai han ché, d6 la:

. Lam thé nao dé chia tach bai toan mot cach hop 1y thanh cac bai toan con, béi vi
néu cac bai todn con duogc giai quyet bang cac thuat toan khac nhau thi s€ rat phtc tap.

. Viéc két hop 10i giai cac bai toan con duge thuc hién nhu thé nao.
5. Thuc hanh
5.1. Tim phan tir c6 gia tri LON nhit ciia diy s6
Cac bwdéc thuc hién
* Y twong:
+ Khoi tao gia tri MAX = ax.
+ Lan lwotvoii =2 dén N, so sanh s6 ai véi MAX, néu ai > MAX thi MAX = a;
11



* Xac dinh bai toan:
[ Input: N, ag, az, ..., an
(] Output: Phan tr c6 gia tri 10n nht.
* Xay dung thudt todn:
Buoc 1: Nhdp N va day a, ay, ..., an.
Buoc 2: Max = a1, 1 = 2;
Buée 3: Néui > N thi dua ra gia tri Max roi két thiic;
Buéc 4: Néu ai > Max thi Max = a;;
Buéc 5:i =i+ 1 roi quay lai Bude 3;
5.2.  Sinh vién thwe hanh Tim phan tir ¢6 gia tri NHO nhit caa diy so
Thuc hién trinh tu theo cac bude va dién két qua vao cac budce sau:
* Y tuéng:
+ Khoi tao gia tri MIN = az.
+ Lan lwotvoii =2 dén N, so sanh s6 ai véi MIN, néu ai > MIN thi MIN = a;
* Xac dinh bai toan:
[ Input: N, a1, ay, ..., an
(] Output: Phan ttr c6 gia tri nho nhat.
* Xay dung thudt toan:

BUEGC L oo

BIEOC 5. oo
Nhirng trong tam can cha y trong bai
- Méi quan hé giira cau tric dir liéu va giai thuat
- Danh gia do phuec tap thuat toan
- Viét tudng minh mot s giai thuat
Bai mé rgng va nang cao
Bai 1. Cho s tu nhién n. Hay in nguoc lai ddy sb tu nhién nguoc lai tir n dén 1.
Vidun=5,tainnguoclaila:54321.
Bai 2. Nang s6 tu nhién x 1én lily thira n.
Bai 3. Tim s fibonacci tha n,

Bai 4. Bao nguoc mot xau ky tu.
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Yéu ciu vé danh gia két qua hoc tap bai 1
Noi dung:
+ Vé kién thirc: Trinh bay dwgc méi quan hé giira cdu tric dit liéu va giai thuat
+ V¢é k¥ ning: danh gia d6 phuc tap thuat toan
+ Nang lyc ty chil va trach nhiém: Ti mi, can than, chinh x4c, ngin nip trong
cong viéc.
Phuong phap:
+ V& kién thirc: Puoc danh gia bang hinh thirc kiém tra viét, tric nghiém, van
dap
+ V¢ k¥ nang: Viét tuong minh mot s6 giai thuat
+ Nang luc tuy chu va trach nhiém: Ti mi, can than, chinh xac, ngan nap trong
cong viéc.
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BAI 2: CAC KIEU DU LIEU CO SO
Ma bai: MP09 - 02
Gioi thigu:
Dt liu co s¢ la thanh phan quan trong trong Viéc tao ra cac chuong trinh, ciing nhu
tao ra cac kieu dur liéu méi.
Muc tiéu:

Hiéu duogc khai niém, pham vi luu trir dit liéu, cac phép xur ly cua cac kiéu dir liéu
co s& nhu: kiéu so, chuoi, logic, tap hop,...;

Str dung duoc cac kiéu dit liéu co sé trong viéc md ta cac ddi tugng trong cac ngdn
ngtr 1ap trinh bac cao nhu C, C++
~Nghiém tuc, ti mi, sang tao trong viéc hoc va van dung vao lam bai tap.
Noi dung chinh:
1. Céc kiéu dir liéu co ban

Kiéu s6 nguyén Ia kiéu di liéu dung dé luu cac gia tri nguyén hay con goi 1a kiéu
dém duogc. Kiéu so nguyén trong C dugc chia thanh cac kiéu dir liéu con, moi kiéu cé
mot mién gia tri khac nhau

1.1. Kiéu sb

1.1.1. Kiéu sé nguyén 1 byte (8 bits) Kiéu sé nguyén mét byte gom cé 2 kiéu sau:
1. unsigned char Tir 0 dén 255 (twong duwong 256 ky tu trong bang ma ASCII)
2. char Tu -128 dén 127
Kiéu unsigned char: luu cac sé nguyén duong tir 0 dén 255.

=> Pé khai bdo mot bién 1a kiéu ky tu thi ta khai bao bién kiéu unsigned char.

MBJi s trong mién gia tri ctia kiéu unsigned char tuong Gng véi mot ky tu trong bang
mé& ASCII .

Kiéu char: luu cc s6 nguyén tir -128 dén 127. Kiéu char sir dung bit trai nhat dé lam
bit dau.

=> Néu gan gid trj > 127 cho bién kiéu char thi gi4 tri cia bién nay c6 thé 1a sé am
?).

1.1.2. Kiéu sé nguyén 2 bytes (16 bits) Kiéu s6 nguyén 2 bytes gom c6 4 kiéu sau:

1. enum Tir-32,768 dén 32,767

2. unsigned int Tir 0 dén 65,535

3. shortint Tir-32,768 dén 32,767

4. int T -32,768 dén 32,767

Kiéu enum, short int, int : Lwu cac s6 nguyén tir -32768 dén 32767. Sir dung

bit bén trai nhat dé 1am bit dAu.
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=> Nég gan gia tri >32767 cho bién ¢ 1 trong 3 kiéu trén thi gi tri ctia bién nay c6
thé 1a s6 am.
Kiéu unsigned int: Kiéu unsigned int luu cac s6 nguyén duong tir 0 dén 65535.
1.1.3. Kiéu sé nguyén 4 byte (32 bits)
Kiéu s6 nguyén 4 bytes hay con goi 1a sb nguyén dai (long) gom c6 2 kiéu sau:
1. unsigned long Tu 0 dén 4,294,967,295
2. long Tu -2,147,483,648 dén 2,147,483,647

Kiéu long : Luu céc sO nguyén tir -2147483658 dén 2147483647. Sir dung bit bén trai
nhat dé lam bit dau.

=> Néu gan gia trj >2147483647 cho bién ¢6 kiéu long thi gi tri clia bién ndy co thé
la sO6 am.

Kiéu unsigned long: Kiéu unsigned long luu cac s6 nguyén duong tir 0 dén
4294967295

Kiéu sb thuc thuong duoc thuc hién véi cac phép toan: O =?{+, -, *, /, <, >, <=, >= =,
?7}?
1.1.4. Kiéu sé thuec:

Kiéu s thuc dung dé luu cac sé thuc hay cac sé ¢6 dau chAm thap phan gém co 3 kiéu
Sau:

1. float 4 bytes Tir 3.4 * 10-38 dén 3.4 * 1038
2. double 8 bytes Tir 1.7 * 10-308 dén 1.7 * 10308
3. long double 10 bytes Tir 3.4 *¥10-4932 dén 1.1 *104932

Moi ki€u s0 thyc ¢ trén déu c6 mién gia tri va dd chinh x4c (s6 s0 1¢) khac nhau. Tuy
vao nhu cau str dung ma ta c6 thé khai bao bién thudc 1 trong 3 ki€u trén. Ngoai ra ta
con co kiéu dir liu void, ki€u nay mang y nghia la kiéu rong khong chira gié tri gi ca.

Kiéu s6 nguyén thuong duoc thuc hién véi cac phép toan: O =?{+, -, *, /, DIV, MOD,
<, > <=,>=, =732

1.2. Kiéu ki tw, chudi
+ Kiéu ky tu byte
+ Kiéu ky tu 2 bytes
Kiéu ky ty thuong duoc thuc hién véi cic phép toan: O =22{+, -, <, >, <=,
>=, =, ORD, CHR, ?7}?
- Kiéu chudi ky tu: C6 kich thude tuy thudc vao timg ngdn ngit l4p trinh
Kiéu chudi ky tu thuong duge thuc hién véi cac phép toan: O =22{+,2??,
<, >, <=, >=, =, Length, Trunc, ?}? - Ki€u luan ly: Thuong c6 kich thudc 1
byte
Kiéu luan Iy thuong dugc thyc hién voi cac phép toan: O =?{NOT, AND, OR,
XORI <) >| <:1 >:1 :l ?}?
1.3. Kiéu logic
15



Kiéu bool 13 kiéu dir lidu chi nhan mot trong hai gia tri true (dung) hoic false (sai)
tuong tng voi két qua cua ménh dé toan hoc trong C++.

Chung ta khai bao (va khdi tao) bién kiéu bool tuong tu nhu cach khai bao bién c6 cac
ki€u dir liéu ma céc ban da dugc lam quen.

bool b;

Trong d6, bool 1a kiéu dit liéu va b 1a tén bién.

Chung ta c6 thé gan truc tiép gia tri true hodc false cho bién kiéu bool.
bool bl = true;

bool b2(false);

bool b3 { true };

Gia tri cta bién kiéu bool c¢6 thé bi dao tir true sang false hoic nguoc lai néu str dung
toan tur not (1).

bool b1 = true; //not true => false
bool b2(!false); //not false => true

2. Kiéu dir liéu co cau trac

2.1 Khéi niém:

Kiéu ciu trac (Structure) 1a kiéu dir liéu bao gdm nhiéu thanh phan c6 kiéu khac nhau,
moi thanh phan duogc goi 1a mot truong (field)

Su khac biét giita kiéu cau trac va kiéu mang 13: cac phan tir ciia mang 1a cung kiéu con
cac phan tur ctia ki€u cau truc c6 thé c¢o6 ki€u khac nhau. Hinh anh cua kiéu cau truc dugc
minh hoa:

1 2 3 - 5 6 7
D Trudng
Dy la cdu tric ¢6 7 truong
Con kiéu mang co dang:
c 1 2 3 4 5 6 7 8 9 10 11 12 13 14
< Phan tix

Day la mang co 15 phan tur

2.2 Pinh nghia kiéu cau tric
struct <Tén cau trac>
{
<Kiéu> <Trudong 1> ;  <Kiéu> <Truong 2> ; ........
<Kiéu> <Truong n> ;
b
16



Trong do:

- <Tén céu trac>: 12 mot tén duoc dit theo quy tac dat tén cua danh biéu; tén nay
mang y nghia s€ 1a tén kiéu cau truc.

- <Kiéu> <Truong i> (i=1..n): mdi truong trong cau tric cé dir liéu thudc kiéu gi
(tén cua truong phai 1a mét tén dugc dat theo quy tac dat tén cua danh bicu).

Vidu 1: De quan 1y ngay, thing, ndm cta mot ngay trong nim ta cé thé khai bao kiéu
céu triic gdm 3 thong tin: ngay, thang, nim.

struct NgayThang

{
unsigned char Ngay;
unsigned char Thang;
unsigned int Nam;

2

typedef struct

{
unsigned char Ngay;
unsigned char Thang;
unsigned int Nam;

} NgayThang;

Vi du 2: M&i sinh vién cin duoc quan 1y boi cac thong tin: ma sb sinh vién, ho tén, ngay
thang nam sinh, gidi tinh, dia chi thuong tri. Luc nay ta c6 thé khai bao mot struct gdm
cac thong tin trén.

struct SinhVien

{
char MSSV[10];
char HoTen[40];
struct NgayThang NgaySinh;
int Phai;
char DiaChi[40];
b
typedef struct
{

char MSSV[10];
char HoTen[40];
NgayThang NgaySinh;
17



int Phai;

char DiaChi[40];
} SinhVien;
2.3 Khai béo bién cau tric
Viéc khai bao bién ciu trac cling tuong tu nhu khai bao bién thudc kiéu dit liéu chuén.
Cu phép:

- Déi véi céu tric duoc dinh nghia theo cach 1:  struct <Tén ciu tric> <Bién 1> [,
<Bién 2>...];
- Déi v6i cac chu trac duge dinh nghia theo cach 2:

<Tén ciu trac> <Bién 1> [, <Bién 2>...];

Vi du: Khai bao bién NgaySinh c6 kiéu cau triic NgayThang; bién SV ¢6 kiéu ciu trac
SinhVien. struct NgayThang NgaySinh; struct SinhVien SV;

NgayThang NgaySinh; SinhVien SV,
3. Kiéu tap hop
3.1. Khéi niém

péi vai céc kiéu dir ligu ta da biét nhu kié‘u s, k[éu mang, kiéu cAu tric thi dir
liéu kicu tap hop (typedef) la kicu dix liéu bao gom nhiéu thanh phan c6 kicu di li¢u
giong hoa khac nhau, méi thanh phan duoc goi 1a mot truong (field).

3.2. Céc phép xir ly kiéu dir liéu tap hop
Str dung tir khoa typedef (Type definitions) dé dinh nghia kiéu:
Typedef struct
{
<Kiéu> <Truong 1> ;
<Kiéu> <Truong 2> ;  .......
<Kiéu> <Trudng n> ;
} <Tén cau tric>;
Trong do:
- typedef (Type definitions): 1a kiéu do ngudi dung dinh nghia.

- <Tén cau tric>: 1a mot tén duoc dit theo quy tic dit tén cua danh biéu; tén nay
mang v nghia s€ la tén kiéu cau truc.

<Kiéu> <Truong i> (i=1..n): mdi trudng trong cau trdc co dit lidu thudc kiéu dit lidu co
ban.

Vi du 1: Bé quan Iy ngay, thang, nim cta Mot ngdy trong nam ta co thé khai bao
Kiéu cau truc gom 3 thong tin: ngay, thang, nam.

Typedef struct
{
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unsigned char Ngay;
unsigned char Thang;
unsigned int Nam;

} NgayThang;

Vi du 2: Mai sinh vién can dugc quan |y bai cac thdng tin: ma sé sinh vién, ho tén, ngay
thang nam sinh, gidi tinh, dia chi thuong trd. Lac nay ta co thé khai bao mot struct gom
cac thong tin trén.

typedef struct
{
char MSSV[10]; char HoTen[40]; NgayThang NgaySinh;
int Phai; char DiaChi[40]; } SinhVien;
3.3. Cai dit tap hop
Viéc khai bao bién tap hop ciing twong ty nhu khai bao bién thudc kiéu dix liéu chuan.
Cu phéap:
- D(f)i véi cau trac duoc dinh nghia theo cach 1:  struct <Tén cau tric> <Bién 1> [,
<Bién 2>...];
- Péi véi cac ciu trac duoc dinh nghia theo cach 2:
<Tén cau tric> <Bién 1> [, <Bién 2>...];
Vi du: Khai bao bién NgaySinh c6 kiéu cau tric NgayThang; bién SV c6 kiéu
cau trdc SinhVien. struct NgayThang NgaySinh; struct SinhVien SV;
NgayThang NgaySinh; SinhVien SV;
4. Thuc hanh
4.1 Viét chwong trinh C++ dé in cac dong sau:
Toi nam nay 18 tuoi.
Toi co nhieu hoai bao muon theo duoi.
Code miu:

#include <cstdlib>
#include <iostream>
using namespace std;
int main(int argc, char *argv[])
t
int age;
age=10;
cout<<" Toi nam nay "<<age<<" tuoi.\n";
cout<<" Toi co nhieu hoai bao muon theo duoi.\n";

return O;
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¥

Cac bwoc thuc hién
Budc 1: Mo phan mém Dev C++
Budéc 2: Nhap code mau
Budc 3: Bién dich va chay chuong trinh

5.2.  Sinh vién thuc hanh khao sat
Thuce hién trinh tu theo cac bude va dién két qua vao bang sau:

Thai gian thuc hién chwong trinh | S6 15i Két qua chay chwong trinh

Nhitng trong tdm can chu y trong bai

- Cach m¢ va thoat phan mém Dev C++

- Céc phép toan trong C++

- Cac budc tao moi va luu code

- Bién dich va chay chuong trinh

- Phén biét cac 16i thuong gap
Bai mé rong va nang cao

1. Viét chwong trinh C++ dé in cac dong sau va thong tin cac e tw nhap

Tén hoc sinh, sinh vién:
- Lop:
Ngay thang nam sinh:
Qué quan:
2. Viét chwong trinh C++ d@é in cac dong sau:
Tén hoc sinh, sinh vién: NGUYEN VAN A
Lop: 21.1QTM
Ngay thang nam sinh: 01/01/2005
Qué quan: Can Tho

Yéu cau vé danh gia két qua hoc tap bai 2
Noi dung:

+ V& kién thire: Trinh bay duoc khai niém, pham vi luu trit di liéu, cac phép xu
ly cua cac kiéu dir liéu co s& nhu: kiéu so, chuoi, logic, tap hop,...;

+ V& k¥ ning: St dung thanh thao céc kiéu dix liéu co s& trong viéc mé ta cac doi
tuong trong cac ngdn ngir 1ap trinh bac cao nhu C, C++
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+ Nang lyc ty cha va trach nhiém: Ti mi, can than, chinh x4c, ngin nap trong

cong viéc.
Phuong phap:

+ V& kién thirc: Puoc danh gia bang hinh thirc kiém tra viét, tric nghiém, van
dap

+ V¢ k¥ nang: Thuc hién viéc chuyén doi gitra cac ki€u dir liéu voi nhau

+ Nang luc tuy chu va trach nhiém: Ti mi, can than, chinh xdc, ngan nap trong
cong viéc.
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BAI 3: MANG, DANH SACH VA CAC KIEU DU LIEU TRUU TUQNG
Ma bai: MDQ9 - 03
Gigi thiéu:
Danh sach la cau truc dit liéu rat thong ‘dung dugc cai dat trén mang va danh sach

lien két, ngan xep va hang doi. D6 1a cac cau trlc dit liéu cling rat gan giii véi cac cau
trtic trong thuc tién.

Muc tiéu:

+ Hiéu duoc khai niém, céu trac luu trix caa dit liéu kiéu mang, kiéu danh sach:;
Hiéu dugc mot sé phép toan xir 1y trén céc phan tir cua danh sach lién két;
Hiéu cau truc, cac phép xir ly, kha niang ap dung cua ngan xép, hang doi;

Viét duoc mot sé giai thuat xir Iy cac yéu cau cu thé trén cac kiéu dit liéu trén;

+ o+ o+ 4+

Cai dat dugc mot so thao tac xu ly danh sach lién két, ngan xép, hang doi trén ngon
ngtt C;
+ Nghiém tlc, ti mi, sang tao trong viéc hoc va van dung vao lam bai tap. Chua dong
ket hop cac ngdn ngir 1ap trinh dé cai dat thuat toan.
Noi dung chinh:
1. Mang
1.1. Khai niém
MJi bién chi cd thé biéu dién mot gia tri. Bé biéu dién mot day sé hay mot bang
s6 ta co thé dung nhiéu bién nhung cach nay khong thuén loi. trong truong hop nay ta

co khai ni¢m vé mang. khai ni¢m vé mang trong ngon ngit C ciing giong nhu khai niém
vé ma tran trong dai s6 tuyén tinh.

1.2. CAu triic lwu trir cia mang

Mang c6 thé hiéu 1a mot tap hop nhiéu phan tir c6 cling kiéu gia tri va cing cling
chung mot tén. Méi phan tir mang lgiéu dién dugc mot gqié tri. C6 bao nhiéu kiéu bién thi
cO bay nhiéu kieu mang. mang can dugc khai bao dé dinh rd: loai mang: int, float,
double,....

Tén mang.

SO chiéu dai va kich thudc moi chiéu.

Khai niém vé kiéu mang va tén mang ciing giong nhu khai niém vé kiéu bién va
tén bien. ta s€ giai thich vé so chiéu va kich thudc moi chiéu thong qua cac vi du cu thé
dudi day. Cac khai bao: int a[10],b[4][2]; float x[5],y[3][3]; Chu y:

Céc phan tir cia mang duoc cap phat cac khoan nhg lien tiép nhau trong b6 nhé.
NOi céch khac, cac phan tir ctia mang lién tiép nhau.

Trong bd nha, cac phan tir cia mang hai chiéu dugc sip xép theo hang.
Chi s6 mang:

Mot phan tir cu thé cia mang duoc xac dinh nho cac chi s6 cua nd. Chi sé cua
mang phai c6 gia tri int khong vuot qua kich thude twong tng. sé chi sb bang sb chiéu
ctiia mang.
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Gia str z,b,x,y duoc khai bdo nhu trén, va gia st i,j 1a cac bién nguyén trong d6
i=2, J=1,khi do: a[j+i-1] la a[2] b[j+i][2-i] 1a b[3][0] VIil[j] & y[2][1] Chay:

Mang cé bao nhiéu chiéu thi ta phai viét biy nhiéu chi sé. vi thé néu ta viét nhu
sau s€ la sai: y[i]( vi y 1a mang hai chiéu),vv...

Bicu thic dung lam chi s6 ¢6 thé thyc hién. khi d6 phan nguyén cua biéu thirc
thuc s€ la chi s6 mang.

Vi du:
A[2.5] la a[2]
B[1.9] laa[1]

*Khi chi s6 vuot ra ngoai kich thudc mang, may s& van khdng bao 18i, nhung no sé truy
cap dén mot vung nhé bén ngoai mang va cé thé 1am loan chuong trinh.

2. Danh séch lién két
2.1. Danh séch lién két don

Luu trir ké tiép dbi voi danh séach tuyél} tinh da thé hién 1d nhuoc diém trong
truong hop thuc hién thuong xuyén cac phep bo sung hodc loai bo phan ti, truong hop
xu 1y dong thoi nhiéu danh sach v.v...

Viéc sir dung cau tric dir liéu danh sach lién két dé cai dat kiéu dit liéu triru twong
danh sach chinh la mét giai phap nham khac phuc nhugc diém trén.

D¢ c6 thé truy nhap vao moi nit trong danh séch, ta phai truy nhap tir nit dau
tién, nghia 1a can c6 mot con tro head tro t6i nut dau tién nay.

C6 thé minh hoa danh sach maéc néi nay bang hinh anh nhu sau:

. » ANH . CONG 0——+ DONG | e+ HIEP . LOAN | &
Mii tén — : con tro lién
két dén dia chi nut tiép theo
Dau x : lién ket rong (dia MANH | & PHUC .__.} THANG
chi null)
Hinh 3.1

Duéi day 1a khai bao cau trdc dit liéu biéu dién danh sach lién két don.
struct LinkedList{

int data;

struct LinkedL.ist *next;

o

Khai bao trén sé dugc stir dung cho moi Node trong linked list. Truong data s€ luu gitia
gia tri va next s€ la con tro dé tré dén thang ke tiep cua no.
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Tai sao next lai 1a kiéu LinkedList caa chinh n6? Bai vi n6 1 con tré tro caa chinh ban
than no, va no tro tai mot thang Node ke tiép cling ¢o6 kiéu LinkedList.

Vi du : Ciu tric node “SinhVien” nhu sau:
struct SinhVien{
MaSV : String[10];
Ten: String[7];
Diem1,Diem2: Integer;
DTB: Real;
struct SinhVien *next;
o
Sau ddy ta s& xét toi mot s6 giai thuat thuc hign mot s6 phép xi Iy trén danh sach
mOc noi.
1. Khéi tao danh sach réng
Dé khoi tao danh sach rdng ta chi can Iénh gan:
head = NULL;
2. Kiém tra danh séach réng
Diéu kién dé danh sach lién két don rdng 1a head = NULL.
3. Tao méi 1 Node
Hay tao mot kiéu dir liéu cua struct LinkedList dé code clear hon:

typedef struct LinkedList *node; /Tt gi¢r duing kiéu di liéu LinkedList c6 thé thay bang
node cho ngan gon

node CreateNode(int value){
node temp; // declare a node
temp = (node)malloc(sizeof(struct LinkedList)); // Cap phat viing nhé dung malloc()
temp->next = NULL,;// Cho next tré toi NULL
temp->data = value; // Gan gia tri cho Node
return temp;//Tra vé node méi di ¢6 gia tri
}
M3i mot Node khi duoc khoi tao, ching ta can cap phéat bo nhé cho nd, va mac dinh

cho con tro next tro t6i NULL. Gia tri caa Node s& dugc cung cap khi thém Node vao
linked list.

e typedef duoc dung dé dinh nghia mot kiéu dit liéu trong C. VD: typeder long long
LL;

e malloc 12 ham cap phat bo nhé cia C. V&i C++ chling ta ding new

e sizeof 1a ham tra vé kich thuéc cua kiéu dir lidu, dung lam tham sé cho
ham malloc
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Luu y: Khdng gidng véi mang, can khai bao arr[size]. Trong linked list, vi mdi Node
sé c6 con tro lién ket den Node tiep theo. Do d6, véi danh sach lién két don, ban chi can
luu gitr Node dau tién (HEAD). Co head roi ban c6 thé di téi bat cir Node nao.

4. Chén phan tir vao danh sach
Thém vao dau
Viéc thém vao dau chinh 1a viéc cap nhat lai thang head. Ta goi Node méi(temp), ta
co:
e Néu head dang tro téi NULL, nghia 1a linked list dang trong, Node méi thém
vao sé€ lam head ludn
e Nguoc lai, ta phai thay thé thing head cii bang head méi. Viéc nay phai lam
theo thr tu nhu sau:

o Cho next cua temp tro téi head hién hanh
o bat temp lam head méi

Code
node AddHead(node head, int value){
node temp = CreateNode(value); // Khai tao node temp vai data = value
if(head == NULL){
head = temp; // //Néu linked list dang tréng thi Node temp la head luén
}else{
temp->next = head; // Tré next caa temp = head hién tai
head = temp; // D6i head hién tai = temp(Vi temp bay gid 1a head méi ma)
b
return head;
b
Thém vao cudi
Chlng ta s& can Node dau tién, va gia tri mudn thém. Khi do, ta sé&:

e Tao mot Node mai vai gia tri value

e Néu head = NULL, tirc 1 danh sach lién két dang trong. Khi d6 Node
mai(temp) sé la head ludn.

e Nguoc lai, ta s& duyét toi Node cudi cing(Node c6 next = NULL), va tro
next cua thang cudi téi Node mai(temp).

Code
node AddTail(node head, int value){
node temp,p;// Khai b&o 2 node tam temp va p

temp = CreateNode(value);//Goi ham createNode dé khoi tao node temp c6
next tro toi NULL va gia tri la value

if(head == NULL){
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head = temp;  //Néu linked list dang tréng thi Node temp 12 head ludn
}
else{

p = head;// Khoi tao p tré téi head

while(p->next '= NULL){

p = p->next;//Duyét danh sach lién két dén cudi. Node cubi la node c6
next = NULL

}
’ p->next = temp;//Gén next cua thang cudi = temp. Khi dé temp s& 1 thang
cuoi(temp->next = NULL ma)

}
return head:;
}
Tong quan hon, chung ta s& s& viét ham thém mot Node vao vi tri bat ky nhé.

Dé lam duoc viéc ndy, ta phai duyét tir dau dé tim ti vi tri cua Node can chen, gia s 1a
Node Q, khi @6 ta can lam theo thir tu sau:

e Cho next cia Node mai tro téi Node ma Q dang tro toi
e Cho Node Q tro toi Node mai

Luu y: Chi s6 chén bat dau tir chi s6 0 nhé céc ban

head
10 —» 20 —‘—h 40 —» 50
Lb 30
[
; pde vao gifa danh sach lien ke Jcola 4

Hinh 3.2
Code

node AddAt(node head, int value, int position){
if(position == 0 || head == NULL){
head = AddHead(head, value); // Néu vi tri chén 1 0, tirc 13 thém vao dau
}else{
// Bat dau tim vi tri can chén. Ta s& dung k dé dém cho vi tri
intk=1;
node p = head;

while(p '= NULL && k != position){
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p = p->next;
++k;
¥
if(k 1= position){

/1 Néu duyét hét danh sach Ik rdi ma van chwa dén vj tri can chén, ta s& mic dinh
chén cudi

/I Néu ban khéng mudn chén, hay thdng bao vi tri chén khéng hop 18
head = AddTail(head, value);
/I printf("Vi tri chen vuot qua vi tri cuoi cung!\n");
}else{
node temp = CreateNode(value);
temp->next = p->next;
p->next = temp;

}
return head:;
}

Luu y: Ban phai lam theo thir ty trén, néu ban cho p->next = temp trudc. Khi d6, ban s&
khdng thé 1y lai phan sau cua danh sach lién két nira(Vi next chi dugc duoc luu trong
p->next ma thay doi p->next roi thi con dau gia tri cil).

5. X6a phan tir khéi danh sach
Xéa dau

X6a dau don gian lim, bay gio chi can cho thang ké tiép cua head 1am head la
dugc thdi. Ma thang ke tiép cua head chinh la head->next.

Code
node DelHead(node head){
if(head == NULL){
printf("\nKhong co gi de xoa het!");

Yelse{
head = head->next;
}
return head:;
}
X6ba cubi

X6a cudi méi nhoc né, nhoc & chd phai duyét dén thang cudi — 1, cho next caa
cuoi — 1 d6 bang NULL.
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node DelTail(node head){
if (head == NULL || head->next == NULL){
return DelHead(head);
}
node p = head;
while(p->next->next '= NULL){
p = p->next;
}
p->next = p->next->next; // Cho next bang NULL
/I Hoac viét p->next = NULL ciing duoc
return head;
}

~ Thang Node cui — 1 la thing c6 p->next->next = NULL. Ban cho next cua nd
bang NULL la xong.

Xo6a & vi tri bat ky
Viéc x0a & vi tri bat ky cling kha giéng x6a & cudi kia. Pon gian 1a ching ta bo
qua mot phan tr, nhu anh sau:

Phép toan loai bo dugc mé ta bai hinh sau:
head Q

N \

Hinh 3.3
Luu y: Chi s6 x6a bat dau tir 0 nhé cac ban. Viéc tim vi tri can x6a chi duyét toi
Node gan cuoi théi(cuoi — 1). Sau day la code x06a Node ¢ vi tri bat ky

node DelAt(node head, int position){
if(position == 0 || head == NULL || head->next == NULL){
head = DelHead(head): // Néu vj tri chén 13 0, tic 1a thém vao dau
}else{
// Bat dau tim vi tri can chén. Ta s& dung k dé dém cho vi tri
intk=1;
node p = head,;
while(p->next->next 1= NULL && k = position){
p = p->next;
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++K;

if(k 1= position){

/1 Néu duyét hét danh séch Ik rdi ma van chua dén vi tri can chén, ta s& mac
dinh xda cuoi

/I Néu ban khéng mudn x6a, hay théng béo vi tri x6a khéng hop 1&
head = DelTail(head);
/I printf(""Vi tri xoa vuot qua vi tri cuoi cung!\n");

}else{

p->next = p->next->next;

¥

return head;

2.2. Danh séach lién két vong

MGt cai tién cua danh sach lién két don 1a kiéu danh sach lién két vong. N6 khac
véi danh sach lién ket don ¢ cho truong Link cua nat cudi cung trong danh sach khong
phai bang NIL, ma no tré dén ntt dau tién trong danh sach, tao thanh mot vong tron.
Hinh anh cta n6 nhu sau:

head

—

Hinh 3.4

Cai tién nay lam cho viéc truy nhap vao cac nit trong danh sach dwoc linh hoat
hon. Ta c6 thé truy nhap vao moi nit trong danh sach bat dau tir nat nao ciing duoc,
khong nhat thiét phai tir nat dau tién. Didu d6 c6 nghia 1a nat nao ciing cé thé coi la nat
dau tién va con tré Head tro t6i ntt nao ciing duoc. Nhu vay, ddi véi danh sach lign két
vong chi can cho biét con tro tré toi nGt mudn loai bo ta van thuc hién duoc vi van tim
duge dén nut dung trude d6. VGi phép ghép, phép tach ciing c6 nhitng thuan loi nhat
dinh.

Tuy nhién, danh sach néi vong cé mét nhuoc diém rat r6 la trong khi xi Iy, néu
khéng can than sé dan tgi mot chu trinh khdng két thuc, bai vi khéng biét duoc vi tri két
thac danh séch.
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Pé khic phuc nhuge diém nay, ngudi ta dua thém vao danh sach mot nut dic biét
goi 13 “nut dau danh sach”. Truong info cua nidt ndy khong chira dit liéu cua phan tir nao
va con tro Head bay gio tro toi nat dau danh sach nay. Viéc dung thém nuat dau danh
sach da khién cho danh sach vé mat hinh thie khong bao gio rong. Hinh anh caa né nhu
sau:

head
\ *o—> al *o—T> a2 *o—T> a3 LN
Hinh 3.5

Sau day la doan giai thuat b6 sung mot nat vao thanh nat dau tién trong danh sach co
“nat dau danh sach” tro boi head.

New(P);

PAinfor ;= X;

PA.Link := Head".Link;

Head”.Link := P;

2.3. Danh sach lién két kép
LLink Info RLink

Khi l1am viéc vé&i danh sach, co nhitng xir ly trén mdi ndt cta danh séach lai lién
quan dén ca nit ding trude va nit dang sau. Trong nhitng truong hop nhu thé, dé thuan
tién, ngudi ta dwa vao mdi ndt cua danh sach hai con tro: LLink tro dén ndt ding trudce
va RLink tré dén nat dtmg sau né. Bé truy nhap vao danh sach ta dung hai con tro: con
tré L tré vao nut dau tién va con tro R tré vao ndt cudi cung caa danh sach. Hinh anh
cua danh sach lién két doi nhu sau:

L{ o _/_R
/

B L ‘;m. {A] -—r ;§‘ C e H

W

»

Hinh 3.6
3. Céc kiéu dir liéu triru twong
3.1. Ngiin xép
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Ngin xép (Stack) la mot kiu danh sach dic biét ma phép bo sung va phép loai bo ludn
thuc hién & mot dau ; duoc goi la dinh.

C6 thé hinh dung céch t6 chirc luu trir cua stack
nhu mét chong dia dit trén ban. Pat thém mot dia
méi vao thi dat phia trén dinh, iy mot dia ra khoi
chéng thi ciing phai liy ra tir dinh. Dia dua vao sau
cung, chinh 1a dia dang nim & dinh, va nd ciing
chinh 13 dfa s& liy ra tru6c tién lai dang & vi tri duoc
goi la day va né chinh 1a dia duoc ldy ra sau cung.

o . y Hinh 3.7
Nhu vay stack con duoc goi la danh sach kiéu N

LIFO (last — in —first —out), tirc 12 stack hoat dong theo co ché : “vao — sau — ra — trude”
Biéu dién stack bing mang:

Dung mot mang dé luu trix lién tiép cac phan tir cia stack. Cac phan tir duoc dua vao
stack bat dau tir chi s6 cao nhat caa mang. Ching ta dung mét bién sé nguyén T dé luu
trix chi s6 cua phan tir tai dinh stack.

Chung ta quy udc T = 0 nghia 1a stack rdng. Nhu vay T = i thi stack c6 i phan ti. RO
rang 0 < T <n, khi T = n thi stack di day, lic d6 néu cé phép bd sung mot phan tar méi
vao stack thi s& khong thuc hién duoc, vi “khong con chd” ; ta néi 1a cé hién tugng
“tran” va tat nhién viéc xu Ii phai ngiing lai. Con néu T =0, nghia 1a stack di réng, ma
lai c6 phép loai bo mot phan tir ra khoi stack thi phép xt 1i nay ciing khong thuc hién
dugc; Ta noi c6 hién twong “can”

Sau day 1a hinh anh cai dat cua stack véi 3 phan ti.

S[1] S[2]  S[3]

T )
bay cua T
stack

Khi bd sung mot phan tir méi vao thi T ting 1én 1, con khi loai bo mot phan tir ra khoi
stack thi T giam di 1.

Chuing ta khai bao cau trdc dir liéu biéu dién ngan xép nhu sau:
// Cai dat ngan xep
typedef int item; // Kieu cua ngan xep
#define Max 100  // So phan tu toi da cua Stack
struct Stack{
int Top;
item Data[Max];
I3
Stack S; // Khai bao ngan xep S
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Biéu dién stack biang danh sach lién két:

Déi véi stack viéc truy cap chi duoc thuc hién 1 dau (dinh). Vi vay, viéc cai dac stack
bang mot danh séch néi don, c6 con tré head tro toi nat dau tién, 1a mot cach biéu dién
rat phi hop. Ching ta c6 thé coi head nhu con tré dang tré t6i dinh stack. B6 sung mot
nGt vao stack chinh I1a bd sung mét nit vao dé né tré thanh nat dau tién cua danh séch,
loai bo mot nat ra khoi stack chinh 14 loai bo nat dau tién caa danh sach, dang tré boi
head. Trong viéc bo sung véi ngin xép dang nay khong can kiém tra hién tuong tran
nhu véi ngan xép luu trir ké tiép.

D¢ cai dat ngan xép boi danh sach lién két, ta sir dung con tro S tro vao dinh cia ngin
xép (hinh 3.8).

an e — an-1 e — s a1 e —

Hinh 3.8
Cau tric dir liéu cua ngin xép dugc khai bao nhu sau:
Céu tric mét phan tir
struct Node

{
int data;
Node *next;

Y

Node *CreateNode(int init)

{
Node *node = new Node;
node->data = init;
node->next = NULL;
return node;

}

Cau tric mét ngin xép

struct Stack

{
Node *head:;

};
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Sau ddy, 1a cac phép xir Iy co ban trén stack twong ng vai hai cach biéu dién trén
1. Khéi tao ngin xép rdng
Cich cai dit bing méng:

Chi can cho gia tri cua bién Top = 0 la xong.
Code
void Init (Stack & S){
S.Top =0;
}

Cich cai dit bing danh sach lién két don:

Mot stack méi khai tao duong nhién s& khong cd phan tir ndo, ching ta sé khai
gan gia tri NULL cho head cua stack do.

Code
void CreateStack(Stack &s)
{
s.head = NULL;
b

2. Kiém tra ngin xép rong

Cich cai @it bing mang:

Ham kiém tra rong thi nguoc lai tra vé dung néu bién Top == 0 1a dugc.
Code
int Isempty( Stack S)
{
return (S.Top==0);
b

Cich cai dit bang danh sach lién két don:

int ISEmpty(Stack s)
{
if (s.head == NULL)
return 1;
return O;
}
Ham ISEmpty nhan gia tri true néu S rdng va false néu S khong rdng.
3. Thém phan tir vao ngin xép
Céch cai dit biang mang:
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~ Chiing ta s& chi c6 thé push (thém phan tir) vao dinh stack khi stack chua day.
Neu stack day, ching ta s€ dua ra thong bao va khong thuc hién push. Ngugc lai, ta s&
tang top 1én mot don vi va gan gia tri cho phan tu tai chi so top.

void Push(Stack & S, item x){
if(1sfull(S))
cout<<™\nNgan xep day!"<<endl,
else{
S.Top ++;
S.Data[S.Top]=x;

¥

Cich cai dit bing danh séach lién két don:
void Push(Stack &s, Node *node)
{

if (s.head == NULL)
s.head = node;

else

{
node->next = s.head;
s.head = node;

¥
4. X6a phan tir khéi ngiin xép

~ Chiing ta s& chi c6 thé pop (x6a phan tir) khoi dinh stack khi stack khdng tréng.
Néu stack trong, ching ta sé€ dua ra thong bao va khdng thuc hién pop. Nguoc lai, ta sé
giam gia tri top di mot don vi.

Cich cai dit bing mang:
void Pop(){
iIf(IsEmpty() == true){
printf("\nStack is empty. Underflow condition!");

}else{
--top;

¥

Cich cai dit bang danh sach lién két don:
int Pop(Stack &s)
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if (ISEmpty(s))
return O;

Node *node = s.head;

int data = node->data; // Iuu trir lai gia tri cia node

s.head = node->next;

delete node; // huy node

return data;

}

3.2. Hang dgi
Hang doi (Queue) 1a mot kicu danh sach dac biét ma phép bo sung mot phan tir vao hang
doi dugc thuc hién ¢ mot dau, goi la 16i sau (rear) va phép loai bo mét phan tir duoc
thuc hién ¢ dau kia, goi la 161 trudc (front).
C6 thé hinh dung céch t6 chirc luu trlr cua Queue giong nhu mot hang doi: hang nguoi
cho mua vé tau, hoc sinh xép hang di vao 16p v.v...
Bai Vi, queue hoat dong theo co ché tu nhién cia nd 1a vao trudc thi ra trudc vao sau thi
ra sau, cho nén queue con duoc goi la danh sach kiéu FIFO (First — In — First - Out).

Biéu dién queue bing mang:

Tuong tu nhu stasck chung ta ciing c6 thé diing mang biéu dién queue véi viéc sir dung
hai chi s6 F dé chi vi tri dau queue (16 trude) va R dé chi vi tri cudi queue (16i sau). Khi
queue rong thi F=R=0, néu thém phan tir méi vao thi R s& ting 1én, néu x6a bot phan t
thi F cling s€ tdng 1én.
Sau day la hinh anh minh hoa queue:

rong rong

T~ T~

L

Hinh 3.9: Mang biéu dién queue

Loai bo

a
S

Chung ta khai bao cau tric dir liéu biéu dién queue nhu sau:
#define MaxLength ... //chiéu dai t6i da ctia mang
typedef ... ElementType;
typedef struct {
ElementType Elements[MaxLength]; //Luu trit ndi dung cac phan tu
int Front, Rear; //chi s6 dau va dudi hang

} Queue;
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Phuong phap cai dat hang doi véi hai chi s6 nhu trén ¢6 nhuge diém 16n. Néu phép loai
bo khong thuong xuyén 1am cho queue rdng, thi cac chi sb F va R s& tang lién tuc va sé
vuot qua c& cua mang. Hang doi s& tré thanh day, mic du cac vi tri trong trong mang c6
thé van con nhiéu (do viéc loai bo cac phan tir & dau hang).

Dé khic phuc nhugc diém trén, ching ta c6 thé xem queue nhu mot cau trdc vong tron.
Tuc 13, Q[1] duoc coi nhu dieng sau Q[max], phan tir méi dugce thém vao hang doi tai
Q[1]. Xem hinh sau:

Hinh 3.10

Biéu dién queue bing danh sach lién két don:

Do6i voi hang doi thi loai bo & mot dau, con bd sung thi & dau kia. Néu coi danh sach
lien két don nhu mot hang doi thi viéc loai bo mot nit tac 12 loai bo nut dau danh sach,
con viéc bo sung mot nat tire 1a thém ndt méi vao cudi danh sach, nghia 1a phai tim dén
nGt cudi cung. Trong truong hop nay, dé luu trit danh sach nguoi ta dung hai con tro,
mat con tro tro vao nat dau danh sach va mot con tro tro vao nat cudi danh sach.

Trong truong hop nay, ching ta sir dung hai con tré, mot con tré F tro dén nat dau hang
doi, mét con tro R tré dén nat cudi hang doi.

Chung ta khai bao ciu tric dir liéu biéu dién queue nhu sau:
typedef ... ElementType; /kiéu phan ti caa hang
typedef struct Node{

ElementType Element;

Node* Next; //Con tro chi & ké tiép
o
typedef Node* Position;
typedef struct{

Position Front, Rear;
/14 hai truong chi dén dau va cubi caa hang
} Queue;

Sau day la hinh anh minh hoa queue:
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Hinh 3.11

Vi cach cai diat nay, hang doi dugc xem 1a khong khi nao déy. Hang doi rong khi QA.F
= NULL.

Sau ddy, 1a cac phép xtr Iy co ban trén queue twong wng vai hai cach biéu dién trén
1. Khéi tao hang dei rong
Cich cai diit bing mang:

Lic nay front va rear khdng tré dén vi tri hop 1& nao trong mang vay ta co thé
cho front va rear déu bang -1.

void MakeNull _Queue(Queue *Q){
Q->Front=-1,;
Q->Rear=-1,

}

Cich cai dit bang danh sach lién két don:

Khi hang rdng Front va Rear cling tro vé 1 vi tri d6 chinh 1a 6 header
void MakeNullQueue(Queue *Q){
Position Header;
Header=(Node*)malloc(sizeof(Node)); //Cap phéat Header
Header->Next=NULL;
Q->Front=Header;
Q->Rear=Header;
}
2. Kiém tra hang dei réng
Cich cai dit bang mang:

Trong qua trinh 1am viéc ta c6 thé thém va x6a cac phan tir trong hang. R3 rang, néu ta
c6 dua vao hang mot phan tir nao d6 thi front>-1. Khi x04 mot phan tir ta tang front 1én
1. Hang rdng néu front>rear. Hon nita khi mai khai tao hang, tac la front = -1, thi hang
cling rong. Tuy nhién dé phép klem tra hang rong don gian, ta s€ lam mot phep kiém tra
khi x0& mot phan tir caa hang néu phan tir bi xo04 1a phan tir duy nhat trong hang thi ta
dit lai front=-1. Vay hang rong khi va chi khi front =

int Empty_Queue(Queue Q){
return Q.Front==-1;
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¥

Cich cai dit bang danh sach lién két don:

Hang rdng néu Front va Rear chi ciing mot vi tri 1a 6 Header.

int EmptyQueue(Queue Q){
return (Q.Front==Q.Rear);

}
3. Thém phan tir viao hang doi
Cach cai dit bing mang:

M6t phan tir khi duoc thém vao hang s& nam ké vj tri Rear cii caa hang. Khi thém
mot phan tir vao hang ta phai xét cac truong hop sau:

e Néu hang day thi b4o 16i khong thém duoc nira.

e Néu hang chua day ta phai xét xem hang c6 bj tran khdng. Néu hang bi tran ta di
chuyén tinh tién roi méi noi thém phan tr méi vao dudi hang ( rear tang lén 1).
Dic biét néu thém vao hang réng thi ta cho front=0 dé front tré dung phan tir dau
tién cua hang.

void EnQueue(ElementType X,Queue *Q){
if ("Full_Queue(*Q)){
if (Empty_Queue(*Q)) Q->Front=0;
if (Q->Rear==MaxLength-1){
//Di chuyen tinh tien ra truoc Front -1 vi tri
for(int i=Q->Front;i<=Q->Rear;i++)
Q->Elements[i-Q->Front]=Q->Elements[i];
/[Xac dinh vi tri Rear moi
Q->Rear=MaxLength - Q->Front-1;
Q->Front=0;
by
else printf("Loi: Hang day!");
b

Cich cai dit bang danh sach lién két don:

, Thém mat phan tir vao hang ta thém vao sau Rear (Rear->next ), roi cho Rear tro
den phan tir mai nay.
void EnQueue(ElementType X, Queue *Q){
Q->Rear->Next=(Node*)malloc(sizeof(Node));
Q->Rear=Q->Rear->Next;
//Dat gia tri vao cho Rear
Q->Rear->Element=X;
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Q->Rear->Next=NULL,
}
4. X6a phan tir khéi hang doi
Cich cai dit bing mang:
Procedure DeleteQ(Var Q : Queue; Var X : Kieuphantu);
Begin

if F = nil then write(‘hang doi trong”)
else begin
X = Q[F];
If F=R then F=R=0
Else if F=nthen F=1
Else F=R=1
End;

End;
Cich cai dit bang danh sach lién két don:

Thuc chét 1a xo4 phan tr nim & vi tri dau hang do d6 ta chi can cho front tro téi
vi tri ké tiep cua no trong hang.

void DeQueue(Queue *Q){
if ('Empty_Queue(Q)){
Position T;
T=Q->Front;
Q->Front=Q->Front->Next;
free(T);
}
else printf(”Loi : Hang rong”);

}

4. Thwc hanh

4.1. Cai dit ngin xép (stack) bing mang
#include <stdio.h>
int top = -1;
bool IsFull(int capacity){
if(top >= capacity - 1){

return true;
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}else{
return false;
}
}

bool IsEmpty(){
if(top == -1){
return true;
}else{
return false;
}
}

void Push(int stack[], int value, int capacity){
if(IsFull(capacity) == true){
printf("\nStack is full. Overflow condition!");
Yelse{
++top;
stack[top] = value;
¥
b

void Pop(){
iIf(IsEmpty() == true){
printf("\nStack is empty. Underflow condition!");
}else{
--top;
k
¥

int Top(int stack[]){
return stack[top];

k

int Size(){
return top + 1;

}

int main(){
int capacity = 3;
int top = -1;
int stack[capacity];

// pushing element 5 in the stack .
Push(stack, 5, capacity);

printf("\nCurrent size of stack is %d", Size());
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Push(stack, 10, capacity);
Push(stack, 24, capacity);

printf("\nCurrent size of stack is %d", Size());

/I As the stack is full, further pushing will show an overflow condition.
Push(stack, 12, capacity);

//Accessing the top element
printf("\nThe current top element in stack is %d", Top(stack));

//Removing all the elements from the stack
for(inti=0;1<3;i++)

Pop();
printf("\nCurrent size of stack is %d", Size());

//As the stack is empty , further popping will show an underflow condition.

Pop();
}

Két qua chwong trinh

Current size of stack is 1

Current size of stack is 3

Stack is full. Overflow condition!
The current top element in stack is 24
Current size of stack is 0

Stack is empty. Underflow condition!

4.2. Ban c¢6 mot chudi ky tu. Hay 1y ky tu & dau ciia chudi va thém nd vao cubi chudi.
Hay cho t6i thdy su thay d6i ctia chudi sau khi thyc hién hanh dong trén N lan.

Y tuwéng: Chudi ky tu trén co thé xem xét nhu 1a mot hang doi. Tai mdi budc, ching ta
s& dequeue(x6a) phan tir & dau chudi va thuc hién enqueue(thém) phan tir d6 cudi chudi.
Lap lai N lan budc cong viéc ndy, chung ta s& co cau tra 10i.

Loi giai:

#include <iostream>
#include <cstdio>

using namespace std;

void Enqueue(char queue[], char element, int& rear, int arraySize) {

if(rear == arraySize) I/ Queue is full
printf("OverFlow\n");

else {
queue[rear] = element; // Add the element to the back
rear++;

b
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void Dequeue(char queue[], int& front, int rear) {

if(front == rear) I/ Queue is empty
printf("UnderFlow\n");

else {
queue[front] = 0; I/ Delete the front element
front++;

}

¥

char Front(char queue[], int front) {
return queue[front];

¥
int main() {
char queue[20] = {'a', 'b', 'c', 'd'};
int front = 0, rear = 4;
int arraySize = 20; I Size of the array
intN=3; /l Number of steps
char ch;
for(inti = 0;i < N;++i) {
ch = Front(queue, front);
Enqueue(queue, ch, rear, arraySize);
Dequeue(queue, front, rear);
by
for(int i = front;i < rear;++i)
printf("%c", queueli]);
printf("\n");
return O;
¥

Céc bién thé cua Queue
e Double-ended queue (Hang doi 2 dau)
e Circular queue (Hang doi vong)

5.3. Cai dit danh sach bang mang (danh sach dit)
Cac buéce thuc hién N
Budc 1: Khéi tao sanh sach rong
Budc 2: Thém phan tir vao trong danh sach
Budc 3: Xen phan tir ¢6 ndi dung x vao vi tri p trong danh sach
Budc 4: Xo6a phan tir c6 ndi dung x vao vi tri p trong danh sach
4.4.  Sinh vién thwc hanh khao sat cai dat danh sach bang mang
#include<stdio.h>
#include<stdlib.h>

#define N 100 //so phan tu toi da la 100
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typedef int item;
/*kieu cac phan tu la item
ma cu the o day item la kieu int */
typedef struct
{

item Elems[N]; //mang kieu item

int size; //so phan tu toi da cua mang
}List; //kieu danh sach List

void Init(List *L); //ham khoi tao danh sach rong

void Init(List *L); //ham khoi tao danh sach rong

int Isempty (List L); //kiem tra danh sach rong

int Isfull (List L); //kiem tra danh sach day

int Insert_k (List *L, item X, int k); //chen x vao vi tri k
void Input (List *L);//nhap danh sach

void Output (List L);//xuat danh sach

int Search (List L, item x); //tim phan tu x trong danh sach
int Del_k (List *L, item *X, int k);//xoa phan tu tai vi tri k
int Del_x(List *L, item x);//xoa phan tu x trong danh sach
item init_x(); //tao phan tu x.

void Init(List *L) //ham khoi tao danh sach rong
/*Danh sach L duoc khai bao kieu con tro
de khi ra khoi ham no co the thay doi duoc*/

{
(*L).size = 0; //size = 0.

int Isempty (List L)
{

return (L.size==0);

int Isfull (List L)

43



return (L.size==N);

item init_x() //khoi tao gia tri X
{
int temp;
scanf("'%d",&temp);
return temp;

int Insert_k (List *L, item X, int k)//chen x vao vi tri k

{
if (Isfull(*L)) //kiem tra danh sach day

{
printf("Danh sach day !");
return O;

if (k<1 || k>(*L).size+1) //kiem tra dieu kien vi tri chen
{
printf("Vi tri chen khong hop le '\n");
return O;
by
printf ("Nhap thong tin: ");
x = init_x(); //gan x = ham khoi tao x
inti;
//di chuyen cac phan tu ve cuoi danh sach
for (i = (*L).size; i >=k; i--)
(*L).Elems[i] = (*L).Elems[i-1];
(*L).Elems[k-1]=x;//chen x vao vi tri k
(*L).size++;//tang size len 1 don vi.
return 1;
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void Input (List *L)
{
intn;
printf("Nhap so phan tu cua danh sach: *);
scanf("%d",&(*L).size);
inti;
for (i=0; i<(*L).size; i++)
{
printf("Nhap phan tu thu %d : ",i+1);
(*L).Elems[i] = init_x();

void Output (List L)
{
printf("Danh sach: \n");
inti;
for (i=0; i<L.size; i++)
printf("%5d",L.Elems[i]);
printf("\n");

int Search (List L, item X)
{
inti;
for (i=0; i<L.size; i++)
if (L.Elems[i] == x)
return i+1;
return O;

int Del_k (List *L, item *X, int k)
{
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if (Isempty(*L))
{
printf("Danh sach rong !I');
return 0;
¥
if (k<1 | k>(*L).size)
{
printf("Vi tri xoa khong hop le 1");
return O;
}
*x=(*L).Elems[k-1]; //luu lai gia tri cua phan tu can xoa
inti;
for (i=k-1; i<(*L).size-1; i++) //don cac phan tu ve truoc
(*L).Elems[i]=(*L).Elems[i+1];
(*L).size--; //giam size
return 1;

int Del_x (List *L, item x)
{
if (Isempty(*L))
{
printf("Danh sach rong !');
return 0;

int 1 = Search(*L,x);

if (M)

{
printf("Danh sach khong co %d",x);
return O;

}
do

{
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Del_k(L,&x,i);

i = Search(*L,x);
}
while (i);
return 1;

int main()

{
List L;
Init(&L);
Input(&L);
Output(L);

int lua_chon;
printf(*Moi ban chon phep toan voi DS LKD:");
printf("\n1: Kiem tra DS rong");
printf("\n2: Do dai DS");
printf("\n3: Chen phan tu x vao vi tri k trong DS");
printf(*\n4: Tim mot phan tu trong DS");
printf("\n5: Xoa phan tu tai vi tri k™);
printf("\n6: XOa phan tu x trong DS");
printf("\n7: Thoat");
do
{
printf(*\nBan chon: ");
scanf("%d",&lua_chon);
switch (lua_chon)

{

case 1:

{
if (Isempty(L)) printf("DS rong !");
else printf ("DS khong rong !");
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break;
}
case 2: printf ("Do dai DS la: %d.",L.size);break;
case 3:
{
item X;
intk;
printf ("Nhap vi tri can chen: ");
scanf ("%d",&K);
if (Insert_k(&L,x,K))
{
printf ("DS sau khi chen:\n"); //xuat danh sach sau khi chen
Output(L);
}

break;
}

case 4:

{
item X;
printf ("Moi ban nhap vao phan tu can tim: ");
scanf("%d",&x);
int k=Search(L,x);
if (k) printf ("Tim thay %d trong DS tai vi tri thu: %d",x,k);
else printf ("Khong tim thay %d trong danh sach " x);
break;

¥

case 5:
{
intk;
item X;
printf ("Nhap vi tri can xoa: ");
scanf ("%d",&K);
if (Del_k (&L,&x,K))
{
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printf ("DS sau khi xoa:\n");
Output(L);
¥

break;

}

case 6:

{

item X;

printf ("Nhap phan tu can xoa: ");

scanf ("%d",&X);

if (Del_x(&L,x))

{
printf ("DS sau khi xoa:\n");
Output(L);

¥

break;

¥

case 7: break;

}
}while (lua_chon !=7);

return O;

Nhan xét két qua dat duoc
Nhirng trong tam can cha y trong bai
- Cai dat danh sach bang mang
- Cai dit danh s&ch bang con tro
- Cai dit ngan xép
- Cai dat hang doi
Bai mé rgng va nang cao

1. Cai dat danh sach bang con tro

2. Cai dat ngin xép

3. Cai it hang doi

4. Viét khai bao va cac chuong trinh con cai dat danh sach bang mang. Dung céc
chuong trinh con nay dé viét:
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5. Chuong trinh con nhan mot ddy cac s nguyén nhap tir ban phim, luu trir n6 trong
danh séch theo thur tu nhap vao.

6. Chuong trinh con nhan mot ddy cac s nguyén nhap tir ban phim, luu trix n6 trong
danh sach theo thir tu ngugc véi tha tu nhap vao.

7. Viét chuong trinh con in ra man hinh céc phan ti trong danh sach theo thir tu cua
no trong danh sach.

8. Viét chuong trinh con sap xép mot danh sach chtra cac sé nguyén, trong cac
treong hop:
a. Danh sach duoc cai dat bang mang (danh sach dic).
b. Danh sach duoc cai dat bang con tro (danh sach lién két)

9. Viét chuwong trinh con thém mot phan tir trong danh sach da c6 thu ty sao cho ta
van c6 mot danh sach c6 thir tu bang cach van dung cac phép toan co ban trén
danh sach

Yéu cau vé danh gia két qua hoc tap bai 3
Noi dung:
+ V¢é kién thirc: Trinh bay dugc cau trac danh sach, ngin xép va hang doi
+ V& k¥ nang: Thuc hién cac phép tinh toan thém, x6a phan ti trong danh sach,
ngan xép va hang doi
+ Nang luc tu chu va trach nhiém: Ti mi, can than, chinh xac, ngan nép trong
cong viéc.
Phuong phéap:
+ Vé kién thuc: Pugce danh gia béng hinh thire kiém tra viét, trac nghi¢m, van
dap
+ Vé k¥ nang: DPanh giad k¥ nidng thyc hanh cai dat dugc danh sach, ngan xép va
hang do1
+ Nang luc tuy chu va trach nhi¢m: Ti mi, can than, chinh x4c, ngan nap trong
cong viéc.

5. Kiém tra
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BAI 4: CAY
Ma bai: MDPO09 - 04
Giai thiéu:
Cay la mot cau trlic rat gan giii va c6 nhiéu tng dung trong thuc té. Cay Ia mot cau
trdc phan cip trén mot tap hop nao do cac dbi tuong. Mot vi du quen thudc vé cay, do

13 cay thu muc hodc muc luc cua cudn sach ciing 1a mot cay. Cay duoc st dung rong rai
trong rat nhicu van dé khac nhau.

Muc tiéu:

+ Hiéu cac khai niém, ciu trac luu trix, phan loai, cach duyét cay;

+ Biét noi dung mot sb bai toan thuc té cé thé van dung cau trac dit liéu kiéu cay;
+ Cai dat va thuc hién céc thao tac trén cay nhi phéan;
+

Ap dung céu tric di liéu dang cay vao mot sb bai toan tng dung cu thé nhu: cay
quyet dinh, ma nén Huffman;

+ Nghiém tuc, ti mi, sang tao trong viéc hoc va van dung vao lam bai tap.

Noi dung chinh:

1. Khai niém vé cay

- Mot cay la tap hop hitu han céc nut trong d6 c6 mét ntit dac biét goi la gdc (root). Giira
cac nat c6 mot quan hé phan cap goi la "quan hé cha con".

- Cay dugc dinh nghia d¢ qui nhu sau:

1. Mt nGt 1a mot ciy va nut nay ciing 1a gdc cua cay.

2. Gia st T1, Tz, ..., Tn (n > 1) 12 cac cay c6 gbc tuong Gng r1, ra,. .., rn. Khi d6 cay T voi
goc r dugc hinh thanh bang céach cho r tro thanh nat cha ctaa cac nat ry, ro,...,

Béc ciia mot nit: 1a sé con cua nat do

Béc ciia mt cay: 1a bac 16n nhat cua cac nat cé trén cay do (s6 cay con tdi da cua mot
nat thuoc cay). Cay cd bac n thi goi la cdy n - phéan

NGt goc: 1a nat c6 khéng cé nut cha
NGt 14: 1a nat c6 bac bang 0
NGt nhanh: 12 nt c6 bac khéc 0 va khéng phai la nit gbc
Mikc caa mot nut
Muc (goc (To)) =1
Goi T, Ta,..., Tn la cac cay con cua To.

. Khi d6 Mic (T:) = Mac (T2) = .. = Mac (Tn) = Muc (To) +1
Chieu cao cua cay: la s6 mtrc 16n nhat ¢ trén cay do

Puodng di: Diy cac dinh ny, ng, ...,nk duoc goi 1a duong di néu ni 12 cha cua niv (1 <i <
k-1

Do dai cua duong di: 1a s6 nat trén duong di -1
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Cay dwgc sip: Trong mot cdy, néu cac cay con cua mdi dinh duoc sap theo mot thi
nhat dinh, thi cdy dugc goi 1a cay duoc sap (cay co thir tw). Chang han, hinh minh hoa
hai cay duoc sap khac nhau

@\@) a
CERG

Hinh 4.1. Hai cdy dwoc sap khac nhau
Rurng: la tap hop hiru han cac cay phan biét

© o
/% & &
d ®

Hinh 4.2. Rirng gom ba cay
2. Cay nhi phan
Cay nhi phan 1a cdy ma mdi nit c6 t6i da hai cay con. PJi véi cay con caa mot niit ngudi
ta cling phan biét cdy con trai va cay con phai.
Nhu vay cay nhi phan la cay cé thi tu.

/\ \
© @ © D © @ ©®
®

Hinh 4.3 . M4t sé cay nh; phan

Déi vai cay nhi phan can chi y téi mot sé tinh chét sau

i) SO luwong toi da cdc mit ¢6 ¢ mic i trén cay nhj phan 1a 211 (i > 1)

i) S6 lwong N0t t6i da trén mét cay nhj phan c6 chiéu cao h1a 2"-1(h >1)
2.1. Biéu dién cay nhij phan

Luru trir ké tiép

Phuong phap tu nhién nhat dé biéu dién cay nhi phan Ia chi ra dinh con trai va dinh con
phai cua moi dinh.
Ta c6 thé s dung mot mang dé luu trir cac dinh cua cdy nhi phan. Méi dinh cua cay
duoc biéu dien baoi ban ghi gom ba truong:
truong infor: mo ta thdng tin gan véi mdi dinh

52



letf: chi dinh con trai
right: chi dinh con phai.

Gia st cac dinh cua cay dugce dugce danh s tir 1 ¢én max. Khi d6 cau trdc dit liéu biéu
dien cay nhi phan dugc khai bao nhu sau:

const max =...; {sb tha ty I6n nhat caa nat trén cay}

type
item = ...; {kiéu di liéu cua cac nat trén cay}

Node = record 1 @
infor : item; 2(B) %
letf :0..max; \
right :0..max; 4 5 @ 6®/ 7@

end;
Tree = array[1.. max] of Node; 8& 9 10 11

Hinh 4.4. M¢t cay nh; phan

Hinh 4.5. Minh hoa cau tric dix liéu biéu dién cay nhi phan trong hinh 4.4

infor left right
1 A 2 3
2 B 4 )
3 C 6 7
4 D 0 8
) E 9 10
6 F 0 0
7 G 11 9
8 H 0 0
9 I 0 0
0 J 0 0
1 K 0 0

Hinh 4.5. Cau trdc dit liéu biéu dién cay
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Néu c6 mot cay nhi phan hoan chinh day du, ta c6 thé dé dang danh s6 cho cac ndt trén
cay d6 theo thir tu lan Iuot tir mac 1 tré 1€n, hét mic nay dén mac khac va tur trai qua
phai doi véi cac nat & moi mac. Vi du vai hinh 4.6 ¢6 thé danh s6 nhu sau:

1A
2 (B \3©
4@/ 5(E) 6@/ \7@

Hinh 4.6. Cay nhi phan duoc danh s

Ta c6 nhan xét sau: con cua nut tha i la cac nat thir 2i va 2i + 1 hoac cha cua nat tha j
laljs2].

Néu nhu vay thi ta c6 thé luu trit cAy nay bang mot vecto V, theo nguyén tac: ndt thi i
cua cay duogc luu trir & V[i]. Po6 chinh la cach luu trix ké tiep doi vai cdy nhi phan. Véi
cach luu trit nay néu biét dugc dia chi caa nat con sé tinh dugc dia chi nut cha va ngugc
lai.

Nhu vay véi cay day du néu trén thi hinh anh Iuu trir s& nhu sau

A |B C D E F G

V[1] v[2] v[3] v[4] VI[5] v[6] v[7]

Nhan xét

Néu cay nhi phan khong déy du thi cach luu trir nay khéng thich hop vi sé gay ra lang
phi bo nhé do ¢6 nhiéu phan tir bo tréng (ng véi cay con rong) Ta hay xet cay nhu
hinh 4.7. Dé luu trir cay nay ta phai dung mang gom 31 phan tr ma chi c6 5 phan tir
khéc rdng; hinh anh luu trit mién nhé cta cdy nay nhu sau:

(A
(B)

/

o

Hinh 4.7. Cay nhi phdn déicbiét

AB|lg|C|lg|g |0 |DO|O |0 |0 |0 |90 |D |E|JD

(@ chi chd tréng)

Néu cay nhi phan ludn bién dong nghia 1a c6 phép bd sung, loai bo cac nat thuong
xuyén tac dong thi cach luu trit ndy gap phai mot sé nhuge diém nhu ton thoi gian khi
phai thyuc hién cac thao tac nay, d6 cao cua cady phu thudc vao kich thudc cua mang...

Luu trir moc noi
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Cach luu trit ndy khic phuc duge cac nhuge diém cua cach luu triv trén dong thoi
phan anh duoc dang tu nhién cua cay.

Trong cach luu trit ndy mdi nat twong ang véi mot phan tir nhé ¢6 qui cach nhu sau:

letf info right

Trudng info tng véi thong tin (dit ®
lieu) cua nat B \©

Truong left ing vai con tro, tro
tai cay con trai cua nut do )/ @ \

Truong right ing vai con tro, tro @
tai cdy con phai caa nat do

Hinh 4.8
Ta c6 thé khai bao nhu sau:
Type
item = ...;{kiéu dir liéu cia cac nut trén cay }
Tree ="Node;

Node = record
info: item;
left, right: Tree;
end;
var Root: Tree;
Vi du: cay nhi phan hinh 5.8 ¢6 dang luu trit méc ndi nhu ¢ hinh 5.9

/

7 A\\

B\ XIcCl
\ A\
KIDK ExX <TGXKK

Hinh 4.9. Cdu trdc dé liéu biéu dién cay
Dé truy nhap vao céc nit trén cay can c6 mot con tro Root, tro tai nit goc caa cay
2.2. Duyét cay nhi phan

Phép xtr ly cac nit trén cay - ma ta goi chung 1a phép tham cac nat mot cach hé théng,
sao cho moi nut dugc tham dting mot lan, goi la phep duyét cay. Ching ta thuong duyét
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cay nhi phan theo mot trong ba thir tu: duyét trudce, duyét gitra va duyét sau, cac phép
nay dugc dinh nghia d¢ qui nhu sau:

2.2.1. Duyét theo thir tw tridc (goc — trai — phdi)

- Tham gdc @

- Duyét cay con tréi theo thur truéc \

- Duyét cay con phai theo thu tu trudc G

Cai dat:

procedure Truoc(Root : Tree); é

Begin @

iIf Root <> nil then
Begin
write(Root”.info);
Truoc(Root”.left);
Truoc(Root”.right); Hinh 4.12
end,
end,
Vi du: Ching ta duyét trudc véi cay & hinh 4.12, c6 két qua nhu sau:
AB DCEGHF
2.2.2. Duyét theo thir tw giira (trai — goc — phai)
- Duyét cay con trai theo thtr gitra
- Tham gdc
- Duyét cay con phai theo thu tu gitra
Cai dat:
procedure Giua(Root : Tree);
Begin
if Root”.left <> nil then
Begin
Preorder(Root".left);
write(Root”.info);
Preorder(Root”.right);
end;
end;
Vi du: Ching ta duyét trude véi cay & hinh 4.12, c6 két qua nhu sau:
DBAGHECF
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2.2.3. Duyét theo thir tur sau (tréi — phdi — géc)
- Duyét caycon trai theo thur sau
- Duyét cay con phai theo thu ty sau
- Tham gdc
Cai dat:
procedure Sau(Root : Tree);
Begin
if Root™.right <> nil then
Begin
Preorder(Root".left);
Preorder(Root”.right);
write(Root”.info);
end:;
end;
Vi du: Ching ta duyét trude véi cay ¢ hinh 4.12, c6 két qua nhu sau:
DBHGEFCA
2.3. Cai dat cay nhij phén

Ta cling co6 thé cai dat cay nhi phan bang con tré bang céach thiét ké moi nat ¢6 hai con
tro, mot con trd tré nat con trai, mot con trod tré nit con phai, trudong Data s€ chira nhan
cua nut.

typedef ... TData;

typedef struct TNode{TData Data;
TNode* left,right;

o

typedef TNode* TTree;

Véi cach khai bao nhu trén ta c6 thé thiét ké cac phép toan co ban trén cdy nhi phan nhu
Sau :

Tao ciy rong

Cay rong 1a mot cdy 1a khong chira mot niit nao ca. Nhu vay khi tao cy rong ta chi can
cho cay tro té1 gia tri NULL.

void MakeNullTree(TTree *T){
(*T)=NULL,;

}

Kiém tra ciy rdng

int EmptyTree(TTree T){

return T==NULL;
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}
Xdac dinh con trai ciia mt nut
TTree LeftChild(TTree n){
if (nI=NULL) return n->left;
else return NULL,;
¥
Xac dinh con phai cia mgt nit
TTree RightChild(TTree n){
if (nI=NULL) return n->right;
else return NULL;
}
Kiém tra nit la:

Néu nut 1a nuat 14 thi né khong c6 bat ky mot con nao ca nén khi do con trai va con phai
cua n6 cung bang nil

int IsLeaf(TTree n){
if(nN'=NULL)
return(LeftChild(n)==NULL)&&(RightChild(n)==NULL);
else return NULL;

¥

Xac dinh s0 nit cia cay

int nb_nodes(TTree T){
iIf(EmptyTree(T)) return O;
else return 1+nb_nodes(LeftChild(T))+
nb_nodes(RightChild(T));

¥

Tao cAy méi tir hai ciy co6 san

TTree Create2(Tdata v, TTree |, TTree r){
TTree N;
N=(TNode*)malloc(sizeof(TNode));
N->Data=v;
N->left=l;
N->right=r;
return N;
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3. Mét s6 bai toan &ng dung
Duyét danh sach lién két 13 thdm cac nut cta danh sach tir nat dau dén
nut cuoi.

 Duyét cay la tham tit ca cac nut cua cy.

 C6 nhiéu cach dé duyét cay theo thir tr duyét gitra nut
cha, nit con bén trai va ntt con bén phai.

* Cac phép duyét dugc thuc hién d¢€ quy
a. Duyét theo thir ty trwé'c NLR (Node — Left — Right)

Thiam nat gbe [ duyét ciy con bén trai theo NLR [ duyét cdy con
bén phai theo NLR

Két qua duyét LNR: EBHFAGIJIDI
void DuyetLNR(Tree t)

{
if (t'=NULL)
{
DuyetLNR(t->pLeft);
XuLy(t->info);
DuyetLNR(t->pRight);
}

b. Duyét theo thiwr tw giita LNR (Left — Node — Right)

Duyét cdy con bén trai theo LNR [ Thim nut goc [J
Duy¢t cay con bén phai theo LNR
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Vi du: xét cay sau
Két qua duyét NLR:
ABEFHDGIJI
void DuyetNLR(Tree t)
{
if (t'=NULL)
{

XuLy(t->info);
DuyetNLR(t->pLeft);
DuyetNLR(t->pRight);

ky
}
Void main()

{
DuyetNLR(Root);

¥

}
C. Duyét theo thir tw sau LRN (Left — Right — Node )

Duy¢t cay con bén trai theo LRN
[ Tham nat gbe

1 Duyét cay con bén phai theo LRN
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Két qua duyét LRN: EHFBJGID A
void DuyetLRN(Tree t)

{
if (t'=NULL)
{
DuyetLRN(t->pLeft);
DuyetLRN(t->pRight);
XuLy(t->info);
}
}

4. Thyc hanh
4.1. Cac budre cai dat cay nhi phén
Cac bwéc thuc hién

- Budc 1: Khai tao cay nhi phéan

- Budc 2: Chen 1 nat vao cay

- Budc 3: Nhap cay

- Budc 4: Duyét cay

- Budc 5: Tim nut co key x

- Budc 6: Viét chuong trinh chinh

4.2. Sinh vién thuc hanh khao sat

#include<stdlib.h>

#include<stdio.h>

typedef int item; //kieu item la kieu nguyen
struct Node

{

item key; //truong key cua du lieu
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Node *Left, *Right; //con trai va con phai
o
typedef Node *Tree; //cay

Node* makeNode(Node *p, item x) // chen 1 Node vao cay
{

p = (Node *) malloc(sizeof(Node));

p->key = X;

p->Left = p->Right = NULL,;

return p; // ok
¥

Node* CreateTree(Node *p,item Xx) /I nhap cay
{

printf("Node: "); scanf("%d", &X);

if (x==0)return NULL,

p= makeNode(p,X);

printf("Nhap con trai cua node %d: ",X);

p->Left=CreateTree(p->Left,x);

printf("Nhap con phai cua node %d: ",x);

p->Right=CreateTree(p->Right,x);

return p;

¥

// Duyet theo LNR thu tu giua
void LNR(Tree T)

{
if(T!=NULL)
{
LNR(T->Left);
printf("%d ", T->key);//duyet goc
LNR(T->Right);
}

¥
void NLR(Tree T)//duyet theo thu tu truoc

{
if(T!'=NULL)
{printf("%d ", T->key);
NLR(T->Left);
NLR(T->Right);
}

b
void LRN(Tree T)//duyet theo thu tu sau

{
if(T!I=NULL)
{
LRN(T->Left);
LRN(T->Right);
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printf("%d ", T->key);
}
b

Node* searchKey(Tree T, item x)  // tim nut co key X
{ Treenp;
if (T->key==x)return T;
if(T==NULL) return NULL,;
p=searchKey(T->Left,x);
if(p==NULL)searchKey(T->Right,x);

}
Node * leftChild(Tree T){

iIf(T!=NULL)return T->Left;
else return NULL,;

}

Node * rightChild(Tree T){
iIf(T!=NULL)return T->Right;
else return NULL,;

}

int isLeaf(Tree T){
if(T'=NULL)

return (T->Left==NULL&&T->Right==NULL);
else return NULL,;

}
int numberNode(Tree T){

if(T==NULL)return 0;
else return (1+numberNode(leftChild(T))+numberNode(rightChild(T)));
¥

int main()

Tree T;
T=NULL; //Tao cay rong
Node *p=NULL;item x;
printf("Nhap 0 de chuyen sang nhap node khac hoac thoat");
T=CreateTree(p,Xx); //Nhap cay
printf("Duyet cay theo thu tu giua LNR: \n");
LNR(T);
printf(*\n");
printf("Duyet cay theo thu tu truoc NLR: \n");
NLR(T);
printf("\n");

printf("Duyet cay theo thu tu sau LRN: \n");
LRN(T);
printf(*\n");

/' Node *P;
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I
I
I
I
I
I
I
I
I
I
I
I

printf("Nhap vao key can tim: ");

scanf("%d", &x);

P = searchKey(T, X);

if (P '= NULL) printf("Tim thay key %d\n", P->key);
else printf("Key %d khong co trong cay\n", x);

if (delKey(T, x)) printf("Xoa thanh cong\n");

else printf("Khong tim thay key %d can xoan", x);
printf("Duyet cay theo thu tu giua: \n");

LNR(T);

printf("\n");

I}while(chon!=4);

¥

return O;

Nhan xét cac két qua

Nhitng trong tdm cin cha y trong bai

Khai tao cay nhi phan

Chen 1 nut vao cay

Duyét cy: tién tu, hau tu va trung tu
Tim nut cé key x

Bai mé rong va nang cao

1. Viét chuong trinh tinh chiéu cao ciia cay

2. Cho m, n Ia hai node trén cay. Viét cac thu tuc kiém tra:

o

ON_LEFT(m, n)=true néu m & bén tréi cia n (=false néu khong)
ON_RIGHT(m,n)=true néu m & bén phai cua n (=false néu khdng)
P_ANCESTOR(m, n)=true néu m la t6 tién thuc su caa n (=false néu
khong)

P_DESCENDANT(m, n)=true néu m 1a hau dué thuc su caa n (=false néu
khong)

oo

o

3. Viét chuong trinh tim t6 tién chung gan nhat cua hai node trén cay (t6 tién chung

gan nhat la node: 12 t6 tién cua ca hai node va moi node 12 t6 tién cua ca hai node
1a t6 tién cua node nay)

4. Duyét theo mirc mot cay: dau tién liet ké gbc, sau dén cac node ¢ d6 sau 1, tiép

do6 cac node ¢ d0 séu 2 ... Cac node ¢ cung d6 sau duoc ligt ké tur trai qua phai.
Viet chuong trinh duyét theo mac mot cay.

5. Chuyeén biéu thic ((a+b) + c*(d+e) + f)*(g+h) sang:

a. biéu thuc prefix
b. biéu thuc postfix
6. Cho céy T trong n6 mdi node trong déu c6 2 con. Viét chuong trinh chuyén:
a. duyét tien tu cua T sang duyét hau tu
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b. duyét hau tu cia T sang duyét tien tu
c. duyéttien tu cua T sang duyét trung tu
(+ gia thiet biet cac nodes 1a! = biét cac nodes trong!)

7. Béc ctiia mot node la s6 con cua né. Ching to rang trong cay nhi phan s6 node 1
bang so6 node bac 2 cong 1

8. Chiing t6 rang trong cdy nhi phan chiéu cao h cua cay > IognTJr1 trong d6 n 12 s6
node cua cay

9. Cho biét cac duyét tién ty, trung tu va hau ty ciia mot cay. Mo ta mot thuat toan
xac dinh, véi moi cap node (m, n), m co la to tién cua n hay khong.

10. C6 thé kiém thir node m 1t tién thuc su cia node n bang cach kiém thi m dung
truge n trong X-order va sau n trong Y-order (X, Y ¢ {pre, in, post}). xdc dinh
tat ca cac cap X, Y ménh d¢ trén la dang.

( X=pre, Y= post)
11. Thyc thi cac hoat dong cay trong biéu dién cay bai:
a. CAac con tro ve cha

b. danh sach cac con
c. cac con tro leftmost_child, right_sibling

Yéu cau vé danh gia két qua hoc tap bai 4
Noi dung:
+ Vé kién thirc: Trinh bay duogc khéi niém cay, ring, cay nhi phan
+ Vé k¥ nang: thuc hién thém ndt va duyét cay

+ Nang luc tuy chu va trach nhi¢m: Ti mi, can than, chinh xAac, ngan nép trong

cong viéc.
Phuong phap:

+ V& kién thirc: Puoc danh gia bang hinh thirc kiém tra viét, tric nghiém, van
dap.

+ V& k¥ nang: Panh gia k¥ nang thyc hanh cai dat cay nhi phan.

+ Nang luc tuy chu va trach nhi¢m: Ti mi, can than, chinh xAc, ngan nép trong
cong vigc.

5. Kiém tra
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BAI 5: SAP XEP
Ma bai: MDPO09 - 05
Gioi thiéu:
Trong chuwong nay chung ta s& duoc hoc cai dit duoc cac thuat toan sap xép co ban
Muc tiéu:
Hiéu duoc tinh chat caa viéc sip xép dit lidu;
Hiéu duoc ¥ tuéng, thuat toan chi tiét caa mot sé phuong phap sap xép;
Ap dung mét sé thuat toan sap xép vao thuc hién viéc sap xép cac day khoa cu thé;

Cai dat duoc cac thuat toan sip xép trong ngén ngit 1ap trinh bac cao;

+ 4+ + + o+

Nghiém tuc, ti mi, sang tao trong viéc hoc va van dung vao lam bai tap.
Noi dung chinh:

1. Sap xép kiéu chen, chén, noi bot

1.1. Sap xép chon:

Vﬁﬁ dé xép tién : Co mot xap tién gdm nhidu to c6 ménh gia khac nhau dang dé 16n xon,
can

Xép lai theo thtr tu tién nho trude, tién 16m sau.

Phuong phap xép tién 13: 1an luot chon ra cac to tién tir nhé dén 16m dé xép cho dén khi
hét xap tién.

béi véi mang, cac budc thuc hién la:

~ Trong N phan tir cia mang, chon phan tir bé nhat, chuyén 1én dau méang
Trong N-1 phan tir con lai, chon phéan tir bé nhat, chuyén vao vi tri thi 2
~ Tiép tuc cho dén khi sap xép hét.

1.2. Sap xép cheén:

Phwong phap:

Gibéng nhu cach xép bai khi dugc chia quan bai.

Quan bai moé1 nhan dugc chén vao nhitng quan bai da co trén
tay.

Thuét toan:

void InsertionSort(int a[], int N)

Céac quan bai trén tay ludn dugc sap xep.

{
inti, j, temp;
for(i=1; i< N; i++)
{
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temp = a[i];

j=i-1;
while ((7>=0)&&(a[j]>a[j+1]))
{
afj+1] = a[jl;
-
}
if (j!=i-1)
a[j+1] = temp;

¥
1.3. Thuit toan sip xép ndi bot (Bubble Sort):
- Tuw tuwéng:

+ Pi tr cudi mang vé dau mang, trong qua trinh di néu phan tir ¢ dudi (dimng
phia sau) nhé hon phan tir dung ngay trén (trudc) no thi theo nguyén tic cua
bot khi phan tir nhe s& bi "trdi" 1én phia trén phan tir ning (hai phin tir ndy s&
duge doi chd cho nhau). Két qua 1a phan tir nho nhat (nhe nhat) sé& dugc dua lén (trdi
1én) trén bé mat (ddu mang) rat nhanh.

+ Sau mdi 1an di chung ta dua dugc mot phan tir trdi 1én dung chd. Do vay, sau N-1 1an
di thi tat ca cac phan tu trong mang M sé c6 thu ty tang.

- Thuat toan:
Bl: First=1
B2: IF (First = N)
Thuc hién Bkt B3: ELSE
B3.1: Under =N
B3.2: If (Under = First)
Thuc hién B4
B3.3: Else
B3.3.1: if (M[Under] < M[Under - 1])
Swap(M[Under], M[Under - 1])
B3.3.2: Under--
B3.3.3: Lap lai B3.2 B4: First++ B5: Lap lai B2 Bkt: Két thuc
- Cai dat thuat toan:
Ham BubbleSort c6 prototype nhu sau:
void BubbleSort(T MI[], int N);
//Pdi chd 2 phan tir cho nhau
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Ham thyc hién viéc sap xép N phan tr co kiéu dir lieu T trén mang M theo

tht tu ting dya trén thuat toan sip xép ndi bot. Noi dung cua ham nhu sau: void
BubbleSort(T M[], int N)

{
for (int1 =0; I <N-1; I++)
for (intJ=N-1;J>1; J--)
if (M[J] <M[J-1]) Swap(M[J], M[J-1]);
return;
¥

Ham Swap c6 prototype nhu sau:
void Swap(T????X, T????Y));

Ham thuc hién viéc hoan vi gid tri cua hai phﬁn tt X va Y cho nhau. Noi
dung ctia ham nhu sau:

void Swap(T?22?X, T?22?Y)

{
T Temp =X;
X=Y; Y =Temp;
return;

¥

- Vi du minh hga thuit toan:

Gia st ta can sip xép mang M c6 10 phan tir sau (N = 10):

M: 15 10 2 20 10 5 25 35 22 30
Ta s& thuc hién 9 1an di (N - 1 = 10 - 1 = 9) dé sap xép mang M:

- Phén tich thuit toan:

+ Trong moi trudong hop:

S6 phép gan: G=0

S6 phép so sanh: S = (N-1) + (N-2) + 2 + 1 = %N(N-1)

+ Trong trudng hop tot nhat: khi mang ban dau di c6 thir t ting
S6 phép hoan vi: Hmin = 0

+ Trong trudng hop x4u nhat: khi mang ban dau da co tha ty giam
S6 phép hoan vi: Hmin = (N-1) + (N-2) + ? + 1 = %aN(N-1)

+ S6 phép hoén vi trung binh: Havg = “4N(N-1)

- Nhin xét vé thuit toan noi bot:

+ Thuat toan sip xép nodi bot kha don gian, dé hiéu va dé cai dit.
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+ Trong thuét toan sap xép ndi bot, mdi 1an di tir cudi mang vé dau mang thi phan tir
nhe duoc trdi 1én rat nhanh trong khi do phém tir nang lai "chim" Xuéng kha cham
chap do khong tan dung duoc chiéu di xudng (chiéu tir ddu mang vé cudi mang).

+ Thuét toan ndi bot khong phat hién ra dugc cac doan phén tr nim hai dau
cua mang da nam dang vi tri dé€ co thé gidm bot quang dudng di trong moi lan

2. Sap xép kiéu phén doan
Phuwong phap:
Dung giai phap dé quy (chia dé tri)

Buéc 1: Phan hoach mang A ban dau thanh 2 mang con B va C
sao cho bj

= [J¢ Uhil0B,c0C.

Buéc 2: Sap xép mang con B bang dé quy

Buéc 3: Sap xép mang con C bang dé quy

Diéu kién dimng: khi mang con can sap chi ¢6 1 phan tir [] xem
nhu dugc sap.

_ ViB, C dugc sip va bi [J ¢j nén mang A 1a duoc sap
3. Sap xép kiéu hoa nhap
Phwong phap:
Ciing str dung giai phap chia dé tri
Buoc 1: Chia mang A ban dau thanh 2 mang con B va C.

Buéc 2, 3: Sap xép mang con B va C bang dé quy (Piéu kién ding: khi
mang con can sap chi co6 1 phan tir)

- Buéc 4: Tron (merge) 2 mang con di sap B, C thanh mang A duogc sip.
Thuat toan:
int Partition(int a[], int p, intr)
{

intt; // phan hoach

return t;

void QuickSort(int a[], int p, intr)

{
int t = Partition(a, p, 1);
if (p< t-1) QuickSort(a, p, t-1);
if (t+1<r) QuickSort(a, t+1, r);
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4. Thuc hanh
4.1. Cac budéc siap xép 1 danh sach tir bé dén 16n theo giai thuét chon
Cac bwoc thuc hién
Budc 1: Trong N phan tir ciia mang, chon phan tir bé nhat, chuyén 1én ddu mang
Budc 2: Trong N-1 phan tir con lai, chon phén tir bé nhit, chuyén vao vi tri thi 2
Budc 3: Tiép tuc cho dén khi sip xép hét.
4.2. Sinh vién thuc hanh khao sat
- Thuec hién theo cac budc
- Nhan xét két qua dat duoc
Nhitng trong tdm can chu y trong bai
- Sap xép chon
- Sap xép chen
- Sap xép ndi bot
- Sap xép phan doan
Bai mé rgng va nang cao
Bai 1: Sip xé‘p mang gom 12 phan tir c6 khoa 1a cac sé nguyén: 5, 15, 12, 2, 10, 12, 9,
1,9, 3, 2, 3 bang cach st dung:
a) Sap xép chon.
b) Sip xép xen.
c) Sap xép noi bot.
d) QuickSort.
e) HeapSort (Sap th tu giam, st dung md hinh cay va sir dung bang).
Bai 2: Viét thu tuc sdp xép tron (xem giai thuat tho trong chuong 1).
Bai 3: Viét lai ham FindPivot dé ham tra vé gia tri chdt va viét lai thi tuc QuickSort phu
hop vai ham FindPivot mai nay.
Bai 4: C6 mt bién the cua QuickSort nhur sau: Chon chét Ia khéa cia phan tir nho nhat
trong hai phan tir c6 khoa khac nhau dau tién. Mang con bén trai gom cac phan tir co
khoa nho hon hodc bang chot, mang con bén phai gom cac phan tua ¢d khéa lon hon
chot. Hay viét lai c&c thu tuc can thiét cho bién thé nay.
Bai 5: Mot bien the khéc cua QuickSort Ia chon khéa cua phan tir dau tién lam chot. Hay
viét lai cac thu tuc can thiét cho bién thé nay.
Bai 6: Hay viét lai thu tuc PushDown trong HeapSort bang giai thuat dé quy.
Bai 7: Hay viét lai thi tuc PushDown trong HeapSort dé c6 thé sap xép theo tht ty ting.
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Yéu ciu vé danh gia két qua hoc tap bai 5
Noi dung:
+ V& kién thirc: Trinh bay céc cach sap xép
+ V& k¥ ning: St dung thanh thao céc giai thuat sap xép.
+ Nang lyc ty chi va trach nhiém: Ti mi, cAn than, chinh x4c, ngin nip trong
cong viéc.
Phuong phap:
+ V& kién thirc: Puoc danh gia bang hinh thirc kiém tra viét, tric nghiém, van
P + V¢ ki ning: Danh gia k¥ nang thuc hanh code duoc cac giai thuat sap xép.

+ Nang lyc ty chia va trach nhiém: Ti mi, can than, chinh x4c, ngin nap trong
cong viéc.

5. Kiém tra
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BAI 6: TIM KIEM
Ma bai: MDPO09 - 06
Gioi thiéu:

Trong hau hét cac hé lwu trit, quan ly dix liéu, thao tac tim kiém thuong duoc thuc
hién nhiéu nhit dé khai thac thong tin. Cac thuat toan sip xép va tim kiém cuing véi cac
Ky thuat duoc sir dung trong d6 dugc coi la cac ky thuat co s¢ cho Iap trinh may tinh.
Muc tiéu:

Hiéu duoc y tuong, thuat todn chi tiét caa mot s6 phuong phap tim kiém;

Ap dung mét sé thuat toan tim kiém vao céc day khda cu thé;

Cai dat duoc cac thuat toan tim kiém trong ngdn ngit lap trinh bac cao;

_Nghiém tic, ti mi, sang tao trong viéc hoc va van dung vao lam bai tap.
Noi dung chinh:
1. Tim kiém tuan ty

Thuat toan tim tuyén tinh con dugc goi la Thuat toan tim kiém tuan tu
(Sequential Search).

a. Tu twong:

Lan luot so sanh cac phan tir cia mang M vé&i gia tri X bat dau tir phan
tor dau tién cho dén khi tim dén dugc phan tur c6 gia tri X hoac da duyét qua hét tat ca
cac phan tir cua mang M thi két thuc.

b. Thuat toan:
Bl:k=1
B2: IF M[k]?? X AND k?? N
B2.1: k++
B2.2: Lap lai B2 B3: IF k?? N
Tim thdy tai vi tri k B4: ELSE
//Duyét tir ddu mang
//Néu chua tim thdy va ciing chua duyét hét mang
Khong tim thdy phan tir c6 gia tri X
B5: Két thiic
c. Cai dat thuat toan:
Ham LinearSearch cé prototype: int LinearSearch (T M[],int N, T X);

Ham thyc hién viéc tim kiém phan tir c6 gia tri X trén mang M c¢6 N phan ttr. Néu tim
thiy, ham tra vé mot sb nguyén c6 gia tri tir 0 dén N-1 la vi tri tuong tng cua phan ttr
tim thdy. Trong truong hop nguoc lai, ham tra vé gia tri -1 (khong tim thay). Noi
dung ctia ham nhu sau:

int LinearSearch (T MI[],int N, T X)
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intk=0;

while (M[K] = X??? k < N)
K++;

if (k <N) return (K);

return (-1);

¥
d. Phén tich thuat toan:

- Truong hop t6t nht khi phan tir dau tién ctia mang c6 gié tri bang X:
S6 phép gan: Gmin = 1

S6 phép so sanh: Smin=2+1=3

- Truong hop xau nhat khi khong tim thay phan tir nao c6 gia tri bang X:
S6 phép gan: Gmax = 1 S6 phép so sanh: Smax = 2N+1 - Trung binh:

S6 phép gan: Gavg = 1

S6 phép so sanh: Savg=(3+2N+1):2=N+2

e. Cai tién thuit toan:

Trong thuét toan trén, ¢ moi bude lap ching ta can phai thyc hién 2 phép so sanh dé
kiém tra su tim thiy va kiém soat su hét mang trong qua trinh duyét mang. Ching ta c6
thé giam bot 1 phép so sanh néu chung ta thém vao cudi mang mot phan tir cAm canh
(sentinel/stand by) cé gia tri bang X dé nhan dién ra sy hét mang khi duyét
mang, khi do thuét toan nay dugc cai tién lai nhu sau:

Bl: k=1
B2: M[N+1] = X
B3: IF M[k]?? X B3.1: k++
B3.2: LaplaiB3 B4:IFk<N
Tim thdy tai vi tri k B5: ELSE //Phan tir cAm canh
//k =N song d6 chi 1a phan tir cAm canh
Khong tim thay phan tir ¢ gia tri X
B6: Két thuc
Ham LinearSearch dugc viét lai thanh ham LinearSearchl nhu sau:
int LinearSearchl (T M[],int N, T X)
{
intk =0;
M[N] =X
while (M[K] !'= X) k++;
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if (k<N) return (k);
return (-1);
b
f. Phan tich thuit toan cai tién:
- Truong hop t6t nhat khi phan tir dau tién ctia mang c6 gié tri bang X:
S6 phép gan: Gmin = 2
S6 phép so sanh: Smin=1+1=2
- Truong hop x4u nhat khi khong tim thdy phan tir ndo c6 gia tri bang X:
S6 phép gan: Gmax = 2
S6 phép so sanh: Smax = (N+1)+ 1=N+2 - Trung binh:
S6 phép gan: Gavg =2
S6 phép so sanh: Savg=(2+N+2):2=N/2+2

- Nhu vay, néu thoi gian thuc hién phép gan khong dang ké thi thuat toan cai tién
s€ chay nhanh hon thuét todn nguyén thuy.

2. Tim kiém nhi phan

Thuat toan tim tuyén tinh to ra don gian va thuan tién trong trudong hop sb phan
tir ctia day khong 16n 1am. Tuy nhién, khi s6 phan tir ciia diy kha 16n, chang han chung
ta tim kiém tén mot khach hang trong mot danh ba dién thoai ctia mot thanh
phd 16n theo thuat toan tim tudn ty thi qua thuc mat rat nhidu thoi gian. Trong thuc té,
thong thuong cac phan tr cua day da co mot th tw, do vay thuat toan tim nhi
phan sau ddy s& rut ngan dang ké thoi gian im kiém trén ddy da c6 tht tu. Trong
thuat toan ndy chung ta gia st cic phan tir trong ddy di c6 thir ty ting (khong
giam dan), tic 1 cic phan tir ding truéc ludn cod gia tri nho hon hoic bang
(khong 16n hon) phan tir dimg sau né.

Khi d6, néu X nho hon gia tri phan tu dang ¢ gitta day (M[Mid]) thi X chi
c6 thé tim thay & nira dau cua diy va nguoc lai, néu X 16n hon phan tir M[Mid] thi X
chi c¢6 thé tim thiy & nira sau cua ddy.

a. Tu twong:

Pham vi tim kiém ban ddu cia chung ta 1a tir phan tir dau tién cua diy
(First = 1) cho dén phan tir cudi cung cua day (Last = N). So sanh gia tri X vdi gia tri
phan tu ding ¢ gitra ciia day M 1a M[Mid].

Néu X = M[Mid]: Tim thay

, Néu X < M[Mid]: Rﬁt’ngén pham vi tim kiérp vé nira dau ciia ddy M (Last = Mid-
1) Néu X > M[Mid]: Rat ngan pham vi tim kiém vé ntra sau cua day M (First = Mid+1)

Lip lai qua trinh ndy cho dén khi tim thdy phan tir co gia tri X hodc
pham vi tim kiém cua ching ta khong con nira (First >

Last).
b. Thuat toan dé¢ quy (Recursion Algorithm):

74



Bl:First=1
B2: Last=N
B3: IF (First > Last)
B3.1: Khong tim thay
B3.2: Thuc hién Bkt
B4: Mid = (First + Last)/ 2 B5: IF (X = M[Mid]) //Hét pham vi tim kiém
B5.1: Tim thay tai vi tri Mid
B5.2: Thuc hién Bkt
B6: IF (X < M[Mid])
Tim dé quy tir First dén Last = Mid - 1 B7: IF (X > M[Mid])
Tim d¢ quy tir First = Mid + 1 dén Last
Bkt: Két thuc
c. Cai dat thuat toan d¢ quy:
Ham BinarySearch cd prototype: int BinarySearch (T MJ],int N, T X);

Ham thuc hién viée tim kiém phan tur c6 gia tri X trong mang M c6 N phan tir da
c6 tht ty taing. Néu tim thay, ham tra vé mot s6 nguyén co gia tri tir 0 dén N-1 1a vitri
twong Ung cua phan tr tim thdy. Trong trudng hop nguoc lai, ham tra vé gia
trj -1 (khéng tim thay). Ham BinarySearch st dung ham dé quy RecBinarySearch
cé prototype: int RecBinarySearch(T M][], int First, int Last, T X);

Ham RecBinarySearch thuc hién viéc tim kiém phan tr c6 gia tri X trén
mang M trong pham vi tur phan tir thr First dén phan tir thir Last. Néu tim thay,
ham tra vé mot sé nguyén c6 gia tri tir First dén Last la vi tri tuong Ung cua
phan tir tim thiy. Trong truong hop nguoc lai, ham tra vé gia tri -1 (khong tim thay).
3. Cay tim kiém nhi phan
3.1. Dinh nghia

Cay tim kiém ung véi n khoa {\displaystyle k_{1},k_{2},...k_{n}} {\displaystyle
k {1}k {2}...k_{n}} la cay nhi phan ma mdi nat déu dugc gan mot khoa sao cho véi
maoi mdi nat k:

Moi khoéa trén cdy con trai déu nho hon khoa trén nut k
Moi khoa trén cay con phai déu 16n hon khoa trén nuat k

Cay tim kiém nhj phan l1a mt cau tric dir liéu co ban dugc sir dung dé xay dung
cac cau trac dix liéu triru twong hon nhu cac tap hop, da tap hop, cac day két hop.

Néu mot BST c6 chira céc gia tri giong nhau thi nd biéu dién mot da tap hop. Cay
loai nay str dung cac bat dang thac khong nghiém ngat. Moi nut trong cay con trai c6
khdéa nho hon khoa ctia nut cha, moi nut trén cay con phai ¢6 ndt 1én hon hoac bang
khoa cua nut cha.

Néu mot BST khang chira céc gia tri giong nhau thi né bicu dién mét tap hop don
tri nhu trong ly thuyét tap hop. Cay loai nay sir dung céc bat dang thirc nghiém ngat.
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Moi nut trong cay con trai cé khoa nho hon khoa cta nat cha, moi nat trén cay con phai
O nut I6n hon khoa cua nut cha.

Viéc chon dua céc gia tri bang nhau vao cay con phai (hay trai) la tly theo moi
ngudi. Mot s0 ngudi cling dua cac gia tri bang nhau vao ca hai phia, nhung khi d6 viéc
tim kiém tro nén phuec tap hon.

3.2. Cai dat cay tim kiém nhij phan
Khéi tao cay (init)

« Khai tao node: cdp phat bo nhé cho 1 node, truyén data can luu trit, gan pLeft =
pRight = NULL

« Khoi tao cay: khai tao cdy va gan root = NULL.

1. struct NODE

2. {

3. intdata;

4.  NODE* pLeft;

5. NODE* pRight;

6. }

7. NODE* CreateNode(int x)
8. {

9.  NODE* p = new NODE();
10. p->data = x;

11. p->pLeft = p->pRight = NULL;
12.  return p;

13.}

Chen (insertion)

Chén node chtra dir liéu vao cay c6 goc la root va tra vé dia chi node mai chén, viéc
chén dir liéu phai dua trén dac diém cua cay nhi phan tim kiém.

VD: Input: { 40, 5, 35, 45, 15, 56, 48, 13, 16, 49, 47 }:
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« Tim vi tri node can chén:

1. NODE* FindInsert(NODE™ root, int x)
2. {

3 if (root == NULL)
4 A

5. return NULL;

6. }

7 NODE* p = root;

8 NODE* f = p;

9.  while (p '=NULL)
10. {

11. f=p;

12. if (p->data > x)
13. {

14, p = p->pLeft;
15. }

16. else

17. {

18. p = p->pRight;
19. }

~l
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20. }
21. returnf;
22.}

o Cheén node:

1. void InsertNode(NODE* &root, int x)
2. {

3 NODE* n = CreateNode(X);

4 if (root == NULL)

5 {

6 root = n;

7 return;

8

9

10. {
11. NODE* f = FindInsert(root, x);
12. if (f'=NULL)

13. {

14. if (f->data > x)
15. {

16. f->pLeft =n;
17. }

18. else

19. {

20. f->pRight = n;
21. }

22. }

23. }

24.}

Tao cay nhi phan tim kiém

1. void CreateTree(NODE™* &root, int a[], int n)
2. {
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3 for (inti=0;i<n;i++)
4. A

5. InsertNode(root, a[i]);
6. 1}

7. }

Tim kiém (searching)

Tim node "X" trén cay root, tra vé dja chi néu tim thiy node x.
o Surdung dé quy:

NODE* SearchNode_Re(NODE™ root, int x)
{
if (root == NULL)
return NULL;

if (root->data == Xx)
{
return root;
b
10. if (root->data > X)
11. {
12. SearchNode_Re(root->pLeft, x);

14. else

15. {

16. SearchNode_Re(root->pRight, X);
17. }

18.}

Str dung vong lap:

1. NODE* SearchNode(NODE™ root, int x)
2. {

3. if(root == NULL)

4 return NULL;
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NODE* p = root;
while (p '= NULL)

{
if (p->data == x)
10. {
11. return p;
12. }
13. else if (p->data > x)
14. {
15. p = p->pLeft;
16. }
17. else
18. {
19. p = p->pRight;
20. }
21. }
22.}
4. Thuc hanh

4.1. Cac buéc cai dit cay tim kiém nhi phan

Budéc 1: Khai tao cay (init)

Buac 2: Chen (insertion) nut vao cay
Budc 3: Tao cdy nhi phan tim kiém
Budc 4: Tim kiém (searching)

Budc 5: Nhan xét két qua

4.2. Sinh vién thuc hanh khao sat

Thuce hién trinh tu theo cac budc va nhan xét két qua

Nhitng trong tdm cin cha y trong bai

Khai tao cay (init)

Cheén (insertion) nat vao cay

Tao cay nhi phan tim kiém

Tim kiém (searching) nat: xac dinh vi tri, tim kiém

Bai mé rong va nang cao
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1. Cho mot cdy TKNP T c6 khoa 1a cac s6 nguyén.

a) Hay vé& cay T sau khi lan lugt thém cac phan tir c6 khod 1a: 10, 3, 6, 1, 9, 7, 23, 41,
5, 70, 34, 62 vao cay rong.

Cach 1am: tuan theo quy tic xen, lan luot xen cac khoa vao cay.

Quy tic xen: so sanh khod can xen va khoa cua nut dang xét, néu nhoé hon di vé bén
trai, I6n hon di vé bén phai. Bai nay chi yéu cau vé cay cuoi cung.

b) Cho biét két qua duyét tién tu, trung tu va hau tu cua cay két qua cua cau a.

c) V& lai cay cua cau a, sau khi xen phan tir c6 khoa 20

Cach lam: twong tu cau a

d) V& lai cay cua cau c, sau khi xo& phan tir c6 khoa 1.

Cach lam: nit can xo4 1a nat 14 (khéng c6 con), chi can xoa bo né

e) V& lai cay cua cu c, sau khi xoa phan tir c6 khoa 10 bang chién lugc thay thé nat bé
nhét bén phai.

Céch 1am: ndt can xo4 cé 2 con
- Tim nGt nho nhat bén phai => 20, nat 20 1a nat 14
- Copy 20 Ién nat gbc
- Xoa nut 20 di

f) V& lai cay cua cau ¢, sau khi xoa phan tir c6 khoa 10 bang chién lugc thay thé nat
I6n nhat bén trai.

Céch 1am: ndt can xo4 c6 2 con
- Tim ndt Ién nhat bén trai => 9, ndt 9 ¢6 1 nut con
- Copy 9 Ién nat gbc
- Pem con cua 9 (1a 7) 1&n thay thé chd nat 9
- Xoanut 9 di
2. Cho mot cdy TKNP T c6 danh sach duyét tién ty va trung tu nhu sau:
Tién tu: 20, 10, 6, 1, 9, 7, 15, 11, 13, 25, 21, 24, 27, 26, 30
Trungtu: 1,6, 7,9, 10, 11, 13, 15, 20, 21, 24, 25, 26, 27, 30
Hay dung laicay T
Cach lam:
- X4c dinh gdc 1a phan tir dau tién caa danh sach Tién tu (vd: 20)

- Tim gbc trong danh sach Trung tu va tach danh séch trung ty thanh 2 danh sach
TRAI-2 va PHAI-2, vi du: 1, 6, 7, 9, 10, 11, 13, 15, 20, 21, 24, 25, 26, 27, 30
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- B6 gbc ra va tach danh séch Tién tu 1am 2 danh sach TRAI-1 va PHAI-1.

Cha y: sé phan ti caa 2 danh sach TRAI-1 va TRAI-2 ¢6 ciing s6 phan tir, vi du:
20,10,6,1,9,7,15, 11, 13 25, 21, 24, 27, 26, 30

Yéu cau vé danh gia két qua hoc tap bai 6
Noi dung:
+ Vé kién thirc: Trinh bay dwoc khéi niém cay tim kiém nhi phan
+ V¢é k¥ nang: Thyc hién thém va tim nut trong cay tim kiém nhij phan

+ Nang luc tu chu va trach nhiém: Ti mi, can than, chinh xac, ngan nép trong
cong viéc.
Phuong phap:

+ V& kién thirc: Puoc danh gia bang hinh thirc kiém tra viét, tric nghiém, van
dap

+ Vé k¥ nang: Panh gia k¥ nang thyc hanh code cdy tim kiém nhi phan

+ Nang luc tu chu va trach nhiém: Ti mi, can than, chinh xAac, ngan nép trong
cong viéc.
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