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LOI1NOI PAU

Gi4o trinh “Cau tric d{t 1iéu va gidi thuat” bién soan dua theo dé
cuong chuong trinh moén hoc Céu triic dir liéu va gidi thudt thubc chuong
trinh ddo tao Cao dang nghé Qudn tri mang cla trudng Cao dang nghé
Cong nghi€p Ha n0i, ban hanh nim 2011, v4i sO ti€t 13 90h.

Gi4o trinh gbm 7 chuong, dé cap dén nhiing ki€n thUc cO ban vé cau
tric d{r li€u va cdc gidi thuat c6 lién quan. TUng chuOng trong gido trinh
ciing cO gang gan két va phat tri€én ndi dung c6 lién quan & cdc mén hoc
trudc hay & céc chuOng trong gido trinh v&i nhau, gidp sinh vién nang cao
v€ kY thudt 1ap trinh, vé chon cdu tric d{t li€u phit hgp va xay dung céc
gidi thuat gidi céc bai todn cO ban.

Gido trinh c6 gdng trinh bay d€ phuc vu cho d6i tugng sinh vién nim
th(t hai vUra hoc qua m6t ngén nglr 13p trinh. Trong mbi chuong déu c6 vi
du dién gidi 1am ro nhitng dinh nghia, khdi niém va dac biét véi moi gidi
thudt déu c6 md td va cai dat gidi thudt hodc vi du dp dung. Cudi mbi
chuong 13 nhiing ciu hoi vé 1y thuy€t va bai tap & mlc d0 dé, vlira, gidp
sinh vién cUng cO kién thic.

Cung véi gido trinh nay, gido vién c6 th€ yéu cau sinh vién tu doc
mOt sO phan, nhU vay s€ cé nhi€u thoi gian gidng kY nhing phan chinh,
khé hodc luyén dugc nhi€u bai tap. Bén canh d6 ciing gidp sinh vién rén
luyén khd niing tu hoc cla ban than.

Nhém tdc gid chan thanh cdm On nhiing dOong nghi€p trong khoa
Cong nghé thong tin trudng Cao dang nghé Coéng nghi€p Ha ndi da tham
gia xay dung d€ cuong chi tiét gido trinh, doc ban thdo va déng gép nhing
y ki€n quy bdu.

Nhém tic gid mong mubn nhan dugc nhiing y ki€n déng gép cla
ban doc d€ nang cao chat 1ugng gido trinh cho 1an tdi ban sau.
Moi y ki€n déng gép xin gUi vé:
Vii Thi Kim Phuong
Email: vkphuong2010@ gmail.com
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MUC TIEU:
Kién thic:

Trinh bay dugc cic khdi ni€m vé cau tric dit 1iéu va gidi thuat,
ki€u

d(rliéu, ki€u d{r liéu trlru tuong (danh sich, cay, do thi).

Trinh bay dugc cic phép todn cG ban tudng Ung v&i cic cau tric
dir

li€u va cé4c gidi thuat.

Ky ndng:

Biét cich tG chlc dr li€u hdp 1y, khoa hoc cho mOt chuong trinh
don

gian.

Biét 4p dung thudt todn hop ly dbi véi cdu tric d{ liéu tuong
Ung d€

gidi quy€t bai todn trén mdy tinh.

Ap dung dugc cic phuong phép sap x€p, tim ki€m cO ban trong

cac
bai toan khi can.
NOI DUNG:
Thoi gian
SO . ) Ki€m
Tén chuGng, muc Tong | Ly | Thuc
TT - - . tra* (LT
sO |[thuye€t| hanh .
hoacTH)
I | TOng quan vé Cau tric dir 6 4 2 0
liéu va gidi thuat
Khéi niém cdu tric d& liéu va| 2 1 1
gidi thuat. MOi quan hé gilta
CTDL va gidi thuat.
Céc ki€u d{f liéu co ban 0.5 | 0.5 0
Céc ki6u d{r 1iéu c6 cau triic 0.5 0.5 0
Céc ki€u d{t liéu trlu tugng 1 1 0
Gidi thuat va danh gid d0 phlc 2 1 1
tap cUa gidi thuat.
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Khai niém vé do thi. 2 1 1
Bi€u dién do thi. 2 1 1
Céc phép duyét do thi. 4 2 2
COng 90 45 40 5

* Ghi chi: ThoOi gian ki€m tra Iy thuyét dugc tinh vao gi0' 1y thuyét, kiém
tra thUc hanh dUQc tinh bang gid thuc hanh.
Yéu cau vé danh gia hoan thanh mén hoc:
- V& kién thlrc: Péanh gia ki€n thlc qua bai ki€m tra viét, trac
nghiém
dat dugc céc yéu cau sau:
e Hi€u dugc mOi quan hé gilta cau tric di liéu va gidi thuat.
 Phan tich dugc cdc ki€u d{r liéu, gidi thudt, su két hgp chiing
dé
tao thanh m&t chuong trinh may tinh.
« Biét cich t6 chlrc df 1iéu hop 1y, khoa hoc cho mOt chuong
trinh
don gidn.
« Biét 4p dung thudt toan hop 1y doi v&i cau tric df li€u tuong
thich d€ gidi quy€t bai toan thuc t€.
« Biét va dp dung dudgc cic phuong phap sap x€p, tim ki€m don
gian.
- VEéKkY ning:
 Danh gid kY ning thuc hanh cUa sinh vién:
« Dung ngon nglt 18p trinh bat kY nio d6 th€ hién trén mdy tinh
cac
bai toan can ki€m nghiém vé: dé qui, danh sich, cay, do thi, sdp x€p, tim
ki€ém...
- VE thai d0: Can than, ti mi, thao tac chudn xdc, tU gidc trong hoc
tap.



CHUONG 1
TONG QUAN VE CAU TRUC DU LIEU VA GIAI THUAT

Muc tiéu:

- Trinh bay dugc khai ni€m vé cah tru¢c dulidu, gidi thudt, moi
quan
hé gilta cau tric dr liéu va gidi thuat. Panh gid dugc d6
phUc tap cla gidi thuat.
- Trinh bay dudc cic ki€u d{r liéu cO bdn, cic ki€u dit liéu cau
trac
va ki€u d{ liéu trltu tugng.

1. Khai niém cau tric dir liéu va gidi thudt, cau tric luu trir va
cau tric dir liéu.
1.1. Khai ni€ém cau tric d{f li€u va gidi thudt
Algorithms + Data Structures = Programs
" Giai thuat + Cau tric d{t 1iéu = Chuong trinh "

Po’la'nhan dé'cudn sich dugc xuaf ban nim 1975, bdi nha'khoa hoc
may tinh Thuy sy Niklaus Wirth Emil, cuon sach da”duQc cong nhan rong
rai va'van con hull dung déh ngay nay. Niam vuhg cad tru¢ du'liéu va'giai
thuét la'cO s& giup sinh vién c6 khd ning di sdu thém vao cdc modn hoc
chuyén nganh.

Gidi thudt(Algorithms): P6 13 mOt diy cic ciu 1€nh (statements)
chat ché va rd rang x4c dinh moOt trinh tU cic thao tic trén mOt sO cic doi
tUong nao do, sao cho sau mOt sd h{tu han budc thuc hién ta dat dugc
két qua mong muOn.

Dt liéu (Data): La d6i tugng cUa gidi thudt d€ khi tic dOng bdi
céc thao tdc cUa gidi thuat ta nhan dugc két qud mong muon.

Gidi thudt chi phan dnh cdc phép xU 1i, con d6i tugng d€ x U 1f trén
MTDT, chinh 1a di liéu (data) ching bi€u di€n céc thong tin can thiét
cho bai toan: Cac d{t kién dua vao, cic k€t qua trung gian va'kéf qua dau
ra cua bai toan.

Vi du 1.1: Chuong trihh tim Uo¢ chung 18n nhat cla 2 sO nguyén duong

avab.
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DUkién dua vao (input): a, b nguyén duong
Phep xU ly'(Process) : DUa theo thuét toah Euclid, thuit toan ndi tiéhg nhat
co'tu’'thoi ¢d dai.
BUo¢ 1: Tim r, la'phan du cua phep chia a cho b.
Buaoc 2:
Néur=0.
Thi} Gan gia'tri cua b cho E (E—b) va'dung lai
Néu ngugc lai (r = 0).
Thi: Gan gia'tri b cho a ( a<b).
Gan gia'tri r cho b (b«r) va'quay lai buoc 1.
Két qua ra (Output): E, U 0¢ chung 100 nhaf cua a va'b.

Cau triic dir liéu (Data Structures): Cich sdp x€p, t6 chlc dir
liéu, tao quan hé ndi tai gilta cac phan t& d liéu, tao thudn 1¢i cho cic
phép xUr 1y va nang cao hi€u qua cUa ching.

Ban than cédc phan t& cla d{t 1i€u c6 mOi quan hé v&i nhau, ngoai ra
néu lai biét “td chlc” theo cic cdu tric thich hop thi viéc thuc hién cic
phép xU i trén céc d{t li€u cang thuan 10i hon, dat hi€u qua cao hon.
Vi'du 1.2: Viét chuong trinh thuc hién cong viéc sau:

a. Nhép vao tu'ban phim n s6 nguyén baf ky"
b. Tihh tdng ca¢ s6'vUa nhap va'dua kéf qua ra man hinh
DUkién dUa vao (input): so, tong 1a'2 biéh s6'nguyén va n 12 s6 1ugng
sO nguyén.
Phep xU ly'(Process) : Thuc hién n 1an cong viéc sau:
- Nhap gia'tri cho bién so
- CoOng gia'tri bién so vao bién fong
Két qua ra (Output): tong, tdng n sd'nguyén vUa nhip

V0oi 2 yéu cau (a, b) cua bai toan, ta chi cAh mot biéh so dé 1uu gia'tri
tung s6 nguyén nhap vao va'cdng gdp dan gia'tri ngay vao mot bién tong.
Vi'dy 1.3: Viét chuong trinh thuc hién cong viéc sau:

a. Nhip vao tu'ban phim n sd nguyén baf ky.

b. Tinh tong cac s6vua nhap va'dua kéf qua ra man hinh.
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c. Sip xép day sd'theo chiéu ting dan va'dua day da’sip xép ra man
hinh.
DU kién dua vao (input):
tong la’bién s6 nguyén.
M 1a’mdt biéh mang ki€u phan t( 1a kiéu s6 nguyén.
n 12 sO 1ugng sO nguyén.
Phep xU ly'(Process:
Buoc 1: Thuc hién n 1an cong viéc sau:
- Nhép gia'tri cho tuhg phan t& mang M([i]
Buac 2: Thuc hién n 1an cong viéc sau:
- CoOng gia'tri tung bién M[i] vao bién tong
Buac 3: Thuc hién sap xép day sd theo chiéu ting dan
Két qua ra (Output):
- tong, tong n s6 nguyén vUa nhap
- M, Day s6'da’sip xép theo chiéu ting dan
O vi'du nay co’thém yéu cau thu’3 (c), ta khong thé dung mot biéh
so, hay khai bao n bién so duQc (vi khong biéf n la’bao nhiéu 10, 100 hay
10000,...). Phai cah mot biéh mang M dé Iuu gia'tri n s6 nguyén nhap vao
tU' ban phim va'day s6’ nguyén da”dugc sip xép. (nhi€u ngon ngu”lap
trinh déu dinh nghia sin kiéu du’liéu mang (array): géin mot tdp hOp hUn
han cac phan tU co’cung kiéu duliéu, ta chi can khai bao tén kiéu mang,
s6'lUong phan tU va'kidu du’liéu cua phan tU khi can st dung.)

So sahh 2 vi'du trén ta nhan thay co’sy khac biét sau :

Vi du DU kién dua Phép xu ly Két qua duara
vao
Vidul.2 Chi cah mot biéh | Viéc tihh  tdng | Gia'trj biéh tong

so d& luu giu”| dugc thuc hién
tUhg so'nguyén | ngay sau mOi lan

nhap s6 nguyén

Vidu 1.3 Phai can bién | Co’thé tach riéng | Gia tri biéh tong va’

mang M dé€ luu | viéc tihh tdng sau | piéh mang M chlra n
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giunm s6'nguyén | khi nhip gid tri | s6” nguyén da” dugc
cho n sd'nguyén | sdp x€p ting dan

Tom lai, gita cdu trdc dit 1iéu va gidi thudt c6 mbi quan hé mat
thi€t, khong th€ néi tGi gidi thudt ma khong nghi tGi: Gidi thudt dé duoc
tdc ddng trén dir liéu nao, con khi xét t&i d(r liéu thi ciing phdi hi€u: D
liu 8y can dugc tic ddng bOi gidi thudt gi d€ dua tGi két qua mong
mubn. VGi mOt cau tric du'li€u di chon ta s€ c6 gidi thuat xU ly tuong
Ung. Cau tric d(f liéu thay dGi, gidi thudt ciing c6 th€ thay doi theo.

1.2. Cau tric d{t li€u va cdu tric luu trl

Céch bi€u di€én mOt can truc duliéu (CTDL) trong bd nhG duoc goi
12 cdu tric 1uu tr(t (storage sructures). D6 chinh 13 cich cai dat cdu triic
dy trén may tinh dién t& va trén co s& cdu tric 1uu trlf nay ma thuc hién
cdc phép xU Ii. SU phan biét gilta CTDL va cdu triic uu tr(f tuong Ung,
can phdi dudc dat ra. Cé th€ c6 nhiu cu tric WUy trit khdc nhau cho
cing mGt CTDL, ciing nhU' ¢é thé€ cé nhitng CTDL khdc nhau ma dugc
thé hién trong bO nhd b0i cing mOt ki€u cu tric luu trlr (thudng khi
xU 1f, moi chd y déu hudng t6i cdu tric 1uu trlf nén ta dé quén mat
CTDL tuong Ung).
Phan biét luu tr(f trong va luu trf ngoai:

Luru trlr trong: La luu trlt & b0 nh§ trong.

Luu trlf ngoai: La luu tr&t & b0 nh ngoai (dia tU, dia quang,.....).
Vi du 1.4: CTDL ki€u mang va Stack cuing dudgc luu tr(t trong b0 nhd
bdi vecto luu trl

a[0] | A[1] | a[2] cee | eeee a[n-1]

2. Cau tric dir liéu
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Trong moi bai todn, Lua chon mOt CTDL thich hgp d€ t6 chic d{f liéu
vao va trén cO s@ d6 xdy dung dugc gidi thuat xU ly'h{tu hiéu dua t6i
k€t qud mong mudn cho bai todn, d6 12 mOt khau rat quan trong. Mubn
vay can nam viing dac di€ém va cdc phép todn cO ban cla tUng kiu dir
liéu dugc st dung trong moOi ngdn ng(r 18p trinh 12 yéu cdu can thiét.
2.1. Céc ki€u d{rliéu cO ban

Céc loai dt liéu cO ban 1a céc loai d{I li€u don gidn, cO s&. Chiing
thuOng 1a cdc gi4 tri vo hudng nhu céc sO nguyén, sO thuc, cic ky tu, cic
gid tri logic ... Cac loai d{r li€u nay, do tinh thong dung va don gidn cla
minh, thuOng dugc cic ngdn nglr 1ap trinh (NNLT) cdp cao xiy dung
san nhu mOt thanh phan cla ngdn nglt d€ gidm nhe cong vi€c cho

ngUdi 1ap trinh. Thong thuOng, cic ki€u df li€u co ban bao gbm:

- Kiéu cé thir tu roi rac: sO nguyén, ky tu, logic , liét k&, mién con

- Kiéu khéng r0i rac: sO thuc.

Vi du: Céc ki€u d{t liéu dinh san trong C gbm:

Tén ki€u  So'bytes Mién gia tri Ghi cha

Char 1 -128 dén 127 C6 th€ dung nhu sO nguyén 1
byte c6 dau hodc ki€u ky tu

unsigned char 1 0 dén 255 SO nguyén 1 byte khong dau

Enum 2 -32,768 dén 32,767

Int 2 -32738 dén 32767

unsigned int 2 0 dén 65335 C6 thé goi tat 1 unsigned

Long 4  -22dén2¥-1

unsigned long 4  0dén2*-1

Float 4  3.4E-38 - 3.4E38 GiGi han chi tri tuyét d6i.Céc

Double
long double

8
10

gia tri <3.4E-38 dugc coi = 0.
Tuy nhién ki€u float chi c6 7
ch sO c6 nghia.

1.7E-308 =+ 1.7E308

3.4E-4932 + 1.1E4932

2.2. Céc ki€u dr liéu cau triic.

14



D6 1a CTDL tién dinh rat hay dung di dugc cai dat san trong céc
ngdn ng(t 1ap trinh, ngudi 1ap trinh chi viéc dung nhu: Tap hgp, mang,
bdn ghi, tép,...v2 cung cap cO ché cho 1ap trinh vién tu dinh nghia ki€u
dr liéu m&i. (Khi nghién cCu dén mot ngon nglr nao dé can phdi nghién
clu kY cac kiéu du’liéu cai truc ca né.)

a. Ki€u tdp hop : MOt tap hgp bao gdbm mot s cdc dOi tugng nao d6

co
cling ban chat, dugc md ta bdi cung mot ki€u, ki€u nay 1a ki€u cO ban
(ki€u vd hudng d€m dugc hay doan con, liét k&), khong dugc 1a ki€u sO
thuc. C4c dbi tugng nay dugc goi 1a cdc phan tl clia tap hop. SO 1ugng
phan tU cla tap hop thong thudng 12 tir 0 (g0i 1a tap rOng) dén tOi da 1a
255 phan tU.

b. Ki€u Mdng : La mOt tap hop gdm mot sO cO dinh cdc phan t& ¢6
cung ki€u dit liéu. MOi phan tf cla mang ngoai gid tri con dugc dac
trung bdi chi s6 (Index) th€ hién th( tu cUa phan t& d6 trong mang
(Vecto 1a mang 1 chi€u, mOi phan tl ai cUa né Ung v4i mOt chi s6 i. Ma
tran 12 mang 2 chi€u mOi phan tU aij cla né Ung véi 2 chi sOivaj,..).

c. Ki€u ban ghi (ki€u cdu triic): 13 mOt tap hop cic phan tl dit liéu
(field), mOi phan t& d{ liéu c6 th€ dugc md td béi mot ki€u df liéu
khac nhau nhung c6 lién k€t v&i nhau, dung d€ mo ta mOt dOi tugng
(Record).

d. Tép tin (File): La mOt tap hop céac dr li€u c6 lién quan v3i nhau va
c6 cung ki€u d{ liéu dugc nhém Iai tao thanh mét diy. Ching thuOng
dugc cha trong mot thi€t bi nhG ngoai clla may tinh v&i mOt cdi tén nio
do.

Vidu 1.5 : D€ md td mbt dbi tugng sinh vién, cn quan tim dén céc
thong tin sau:

- Mi sinh vién: chudi ky tu.

- Tén sinh vién: chu0i ky tu.

- Ngay sinh: ki€u ngay thang.

- Piém thi: s thuc.

Céc kiu dif liéu cO sG cho phép mo td mOt sO thong tin nhu :
float Diemthi;
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Céc thong tin khdc doi hoi phdi st dung cic kiu c6 cdu tric nhu :

char masv[15];

char tensv[25];
P& thé€ hién thong tin v€ ngay thdng nim sinh can phdi xay dung mot
ki€u ban ghi.

typedef struct Date

{

unsigned char ngay;
unsigned char thang;
unsigned int nam;

b
Cu0i cung, ta c¢6 thé xay dung ki€u di liéu th€ hién thong tin vé mOt
sinh vién:

typedef struct SinhVien

{

char masv[15];
char tensv[25];
Date ngsinh;
float Diemthi;

b

Gia sUr di c6 cdu tric phit hgp d€ 1uu tr(r mOt sinh vién, nhung thuc
t€ 1ai can quan 1y nhi€u sinh vién, lic d6 ndy sinh nhu cau xiy dung
ki€u dr liéu mdi (ki€u mang badn ghi,...).

2.3. Céc ki€u d{f liéu trlru tugng.

Do ngudi s dung tU tao 1ap d€ gidi quy€t bai toan riéng cla minh
ma CTDL tién dinh, ¢ s& khong phii hgp hodc khong dU linh hoat dé€
gidi quy€t cic bai todn do.

Nhu: Danh sich lién két, cdy, d0 thi,... Ching ta s€ tim hi€u & cic
chuong sau cUa gido trinh.

2.4. Cac tiéu chuin dahh gia'cal tru¢ du’liéu.
MOt cdu tric d{f li€u tOt phdi thGa min céc tiéu chudn sau:
- Phdn dnh diing thuc t€: Pay 1a tiéu chudn quan trong nhat, quyét
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dinh tinh ding dan cUa toan b0 bai todn. Can xem xét kY 1udng ciing nhu
du trit c4c trang thai bi€n d6i cla dit liéu trong chu trinh sOng d€ c6 thé
chon cau tric d{ liéu 1uu trlt th€ hién chinh x4c d0i tugng thuc t€.
- Phit hop v0i cdc thao tdc trén dé: Tiéu chudn nay gidp ting tinh
hi€u
qud cla gidi thudt, gidp viéc phat trién cdc gidi thudt don gidn, tu
nhién hon; chuong trinh dat hi€u qua cao hon vé tdc dd xUr 1y.
- Tiét kiém tai nguyén hé thdng: Cau tric d li€u chi nén si dung
tai
nguyén hé thOng vira d0 d€ ddm nhiém dugc chlc ning cla n6.Thong
thudng c6 2 loai tai nguyén can luu thm nhdt : CPU va b0 nhd. Tiéu
chudn nay nén can nhdc tily vio tinh hudng cu thé€ khi thuc hién dé 4n .
Néu t0 chlc st dung dé 4n can c6 nhiing xU 1y nhanh thi khi chon céu
tric di li€u, yéu tO ti€t kiém thOi gian xUr 1y phdi dat ndng hon tiéu
chudn s dung tdi Uu bd nhd, va nguoc 1ai.
2.5. Céc thao tic cO ban trén mOt cu tric dit liéu.

MO0i khi chon mOt CTDL phdi nghi ngay t3i cic phép toan tic dOng
trén cau tric d6. Va ngudc 1ai, néi t&i phép todn thi phdi chi y t&i phép
todn d6 dugc tidc dOng trén cdu triic ndo. Cho nén ciing khdng cé gi 1a khi
ngUdi ta quan ni€m: N6i tGi CTDL 1a bao ham ludn cd phép todn tdc
dOng trén cau tric ay.

Thong thudng mOi cdu tric dit liéu déu c6 cic phép todn (thao tic)
sau:

- Taolap

- Huy bd

- Cheén mOt phan t&r vio CTDL

- Loai bd mdt phan t&r khéi CTDL
- Tim ki€m mOt phan t&

- Duyét CTDL

Céc phép nay sé€ cé nhiing tic dung khdc nhau doi véi tung CTDL.
C6 phép hltu hiéu d6i véi cau tric niy nhung 1ai td ra khong hltu hi€u
doi véi cdu triic khéc.
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Vi du: Phép loai bo va phép b6 sung mOt phan t( rat hitu hiéu véi
cdu tric danh sich lién k€t nhung 1ai rat bat ti€n vdi cau tric mang.
3. Giai thudt va danh gia dO phurc tap cUa gidi thuat
3.1. Gidi thudt.

Moi chuong trinh khi dUQc cai dit trong may tihh, ngUoi sU dung chi
can cung cap du’liéu vao (input), may tihh tu' dong xU ly 'va'dua ra két qua
(output). D& co’két qua dau ra, nguoi 14p trinh phai cung cap cho may tihh
mot giai thuét (Ca¢ phep xU lyJ.

Trong thuc té&; co’bai toan don gian (dé&), nhUng co’bai toan phuc tap
(khoj dé tim dugc 10i giai da’khonhung dién ta 10i giai do’sao cho tuChg
minh, mach lac, rorang dé nhiéu ngu'di co'thé hiéu dugc cung khong don
gian. Thong thuong giai thuat dugc biéu dién biang: Ngon ngu™ty nhién,
IUu d6'gidi thudt, ...

3.2. Bi€u dién gidi thuat.
3.2.1. Bang ngon ng(F ty nhién.

Duing ngdn ng(f tU nhién dién ta ngan gon gidi thudt. Cach nay chi
4p dung v&i nhing gidi thuat don gidn.

Vi du 1.6: Thuat gidi ndu cOm c6 thé viét nhU sau:

Budc 1: Lay gao theo dinh lugng can thiét.

Budc 2: Vo gao va d6 gao + nudc vao ndi voi lugng vuh du.

Budc 3: Cim dién, dun s6i can nudc (khoang 15 phuf).

Budc 4: Dung|dua dao cOm cho t0i.

Budc 5: CéchL phit mOt: Ném cOm xeln chin chua

Néu cl A vé budc 5 A
Néu chin cOm thi chuyén sang bUoc 6

Budc 6: Ruf dt?n. Keét thic. l l

3.2.2. Bang luu d6 gidi thuat.

Dimg . Thuc hién cong viec A b Thuc hién chuong trinh con A él ) lYgo/Ra du
ieéu
nay gidi thuat dugc minh hoa mot cich trUc quan nhat. (Read/Write)

Céc hinh cO ban dé xay dung luu do gidi thuat 1a:

Sai




Vi du 1.7: Tinh t6ng cUa n sO nguyén dau tién. Thuat gidi dudi day chi la
c6 cUa bai t[ B tdi'u lcho thay vOi
6 ta phai xay

hai tror}g ba\t[ Bi tdiu f
mOt van dé iéu thuadt giai
dung thudt gigiee-Y 6 hiéu qud nhat (vé tjOi gian chay chuong

trinh chi€m,..). Poc n
Luu d6 tinh t6ng cla n sO nguyén 2 thuat gidi khéc

nhau: $=0;i=0

S=N(N+1)/2

! |

Ping
\ 4
l . K&t thic
Sai

A 4
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3.2.3. Bang ngdn ng(r diéh dat giai thuat (ma gid).

NhU chiing ta d bi€t, v&i nhiing bai todn don gidn thi chi can bi€u
dién gidi thudt bang ngdn ng(r tu nhién, v&i bai toan 16n, phic tap viéce
dung 1uu d0 khoi d€ dién ta gidi thudt c6 nhitng han ché nhat dinh (nhu
khuon khG gidy, man hinh ¢6 han 1am dnh hudng dén tam quan sit cla
mat, hodc c6 gidi thudt phlc tap gdm nhi€u vong 1dp 10ng nhau,.. khi
d6 s& dan dén nhi€u han ché€). Chiing ta cang khong nén ding mdt ngdn
ng(f cu thé d€ dién dat gidi thudt vi:

- Phai ludn tuan thU cdc nguyén tac chdt ché vé ci phdp cla ngon

ng(
d6, khién cho vi€c trinh bay v€ gidi thuat va CTDL c6 thién huéng ndng
né, go bé.

- Phdi phu thuOGc vao CTDL tién dinh cUa ngdn nglt nén cé lic

khong
th€ hién day dU céc y vé€ cdu tric ma ta mong muOn gidi thi€u.
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- Ngbn ng(r nao dugc chon ciing khong thé di dugc moi ngUdi Ua
thich va mudn sU dung.

- Giai thudt can ddc 1ap v&i ngon nglf cai dat d€ c6 thé cai dat nd
bang bat c ngdn nglt nio.

MOt gidi phdp cho van dé nay 1a ding ngdn nglr diénh dat giai thuat
c6 dU kha ning dién dat dugc gidi thudt trén céc cdu tric d€ cap dén
vGi mOt mUc dO linh hoat nhat dinh , khong qui go b6 , khong ciu né
nhi€u v€ ci phdp nhung ciing gan giii v3i cdc ngdén ng(r chudn d€ viéc
chuyén d6i, khi can thi€t dugc dé dang. VGi cich nay gidi thudt vira
gan giii v6i ngudi, vlra gan giii v&i ngdn ng(r 18p trinh chudn.

Ngoén ng(r dung d€ dién dat gidi thudt thudng dudc chon 1a C hodc
Pascal vi 2 ngdn ng(r nay hay dugc s& dung nhu 1a ngdn ng(r 1ap trinh ciin
ban, va dugc goi 1a ngdn ng(r tura C hodc tua Pascal.

Vi du 1.8: Giai thuat tim USCLN cUa 2 sO a, b theo thuét toan Euclid
USCLN (a, b 2 sO nguyén)
{  sOnguyén r;
r < a%b;
while (r # 0)
{ a=Db;
b—r;
r— a%b:;
}
return (b);

}

Poan mi gid trén dién dat cho gidi thudt tim USCLN, c6 thién vé
ct phdp ngén nglf C nhung né van & dang thd, chua st dung chinh xdc
céc cau 1énh trong C.

Nhu vay, céc cich dién ta gidi thuit & trén chi c6 y nghia gilra
ngUdi v&i ngudi, d€ mdy tinh hi€u va thuc hién cdc thao tic cUa gidi
thudt c@n phai cai dat ching bang nhig ciu 1énh, cd phdp clia mbt
ngdn ng(r 18p trinh cu thé.

3.3. MOt sO dac trung cla gidi thudt
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- Tinh don nghia: O mdi budc cla gidi thudt, cdc thao téc phai
hét
sUc ro rang, khong giy nén su' nhdp nhang, 10n xOn, tuy tién, da
nghia.

(Can phan biét v&i tinh don dinh: V&i hai b d{r liéu dau
vio gibng nhau cho trudc, gidi thudt sé thi hanh cic ma 1énh
giOdng nhau va cho két qua giOng nhau).

- Tinh dUng: Sau mOt sO h{tu han budc thuc hién cic thao
tdc sO cap da chi ra thi gidi thuat phdi di dén két thic d€ trd ra
k€t qud mong mubn. Khong dugc rdi vao qud trinh vo han.

- Tinh ddng dan: VGi moi bd d{t liéu dau vio, sau khi két
thic gidi thudt ta phai thu dugc két qud mong mudn. Két qua
d6 dugc ki€m chlng bang yéu cau bai todn.

- Tinh ph6 dung: Gidi thuét phdi dé s(ra d6i d€ thich Ung
v3i bat kY bai todn nao trong mOt 18p bai toan va c6 thé lam viéc
trén céc dir liéu cu thé€ khdc nhau.

- Tinh hiéu qua: Trong sO nhiu gidi thudt cling gidi mOt bai
todn, tinh hi€u qua dugc d4nh gi4 1a gidi thuat c6 thoi gian thuc
hién nhanh nhdat va tOn it b0 nhG nhat.

3.4. Dénh gid d0 phUc tap cUa gidi thuat
3.4.1. bat van dé

Théng thuong, mOt bai todn cé nhi€u giai thudt (10i gidi). Chon mot
gidi thudt dua tGi k€t qua nhanh la mOt doi hOi thuc té. Nhung, cin cl
vao dau d€ ddnh gid gidi thudt nay nhanh hon gidi thudt kia?

Thi gian thuc hién gidi thuat phu thubc vao rat nhi€u yéu to:

Yé€u td dau tién d6 1a kich thudc cla dit li€u dua vao, dF liéu cang
16n thi cang tOn nhi€u thoi gian: PE sap x€p mOt diy sO thi s6 1uong cac
sO thuOc day sO d6 dnh hudng rat 16n tGi thoi gian thuc hién gidi thuat.
N&u goi n 12 s6 1ugng nay (kich thudc cla d{F li€u vao) thi thdi gian thuc
hién T cla mdt gidi thudt phdi duoc bi€u dién nhu mOt ham cla n:
T(n).
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TOc dd x(Ur 1y clla mdy tinh, ngdn ng(t vi€t chuong trinh va chuong trinh
dich ngon ng(r 8y ciing dnh huéng t&i thdi gian thuc hi€n, nhung nhling
y€u t0 nay khong ddng déu v&i moi loai mdy trén d6 cdi dat gidi thuat,
vi vay khong th€ dua vao ching khi xdc 1ap T(n). Nhu vay, T(n) khong
thé dugc bi€u dién thanh don vi thoi gian bang gidy, bang phiit,... dugc.
Tuy nhién, khong phdi vi thé ma khong th€ so sanh duQc cic gidi thudt
v€ mat tOc do.

Né&u nhu thdi gian thuc hién cla mOt gidi thudt 1a T;(n)=cn’ va th0i gian
thuc hién mot gidi thudt khéc 12 To(n)=kn vGi ¢ va k 12 mOt hang s6 nao
d6, thi khi n kha 16n, thOi gian thuc hién gidi thuat sau rd rang it hon so
vGi gidi thuat trudc. N€u néi thOi gian thuc hi€n gidi thuat T(n) ti 1& véi
n’ hay ti 1& v@i n ciing cho ta ¥ ni€m vé tOc d0 thuc hién gidi thuat d6
khi n kh4 16n (vGi n nhd thi viéc xét T(n) khong c6é § nghia). Cdch ddnh
gia thOi gian thuc hién gidi thuat dOc 1ap v&i mdy tinh va cdc y€u t0 lién
quan t&i mdy nhu vay s€ dan t&i khai niém vé “cap do 16n cUa thdi gian
thuc hién gidi thuat” hay con goi 1a “D0 phUc tap tinh todn cla gidi
thuat” .

3.4.2. DO phUc tap tinh todn cUa gidi thuat.

Néu thoi gian thuc hién mot gidi thudt 1a T(n)=cn®> (v6i ¢ 12 hang
sO) thi ta néi: PO phlc tap tinh todn cla gidi thudt nay c6 cap n® (hay
cap d0 16n cla thoi gian thuc hién gidi thudt 1a n®) va ta ky hiéu:

T(n)=0(n?) (ky hiéu ch(t O 16n).

MOt cich tOng quit c6 th€ dinh nghia:

MOt ham f(n) dugc xac dinh 1a O(g(n)): f(n)=0(g(n)) va dugc goi la
c6 cap g(n) néu tOn tai cdc hang sO ¢ va n, sao cho f(n)  cg(n) khi n
no. Nghia 12 f(n) bi chan trén bdi m6t hang s6 nhan véi g(n), v6i moi gid
tri cUa n tU mOt di€m nao d6. Thong thudng cic ham thé hién d6 phic
tap tinh to4n cUa gidi thudt c6 dang: log,n, n, nlog,n, n%, n’, 2", n!, n".

Céc ham 2", n!, n" dugc goi 12 ham loai mii. MOt gidi thuat ma
thdi gian thuc hi€én cla né c6 cap la cdc ham loai mi thi tOc dO rat
cham. Cdc ham nhu' n’n? nlog;n, n, log,n dUgc goi 1a cidc ham loai da
thUrc. Gidi thuat véi thoi gian thuc hién c¢6 cap ham da thlc thi thuOng
chdp nhan dugc.
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3.4.3. Xac dinh d0 phUc tap tinh toan cUa gidi thuat.

X4c dinh d6 phlc tap tinh todn clla mOt gidi thudt bat ki c6 thé dan
tGi nhiing bai toan phlc tap. Trong thuc t&, d6i v4i mOt sO gidi thuat ta
ciing c6 thé xéc dinh dugc bang mot s6 quy tac don gidn sau:

a. Qui tac tong:
Gid sU T (n) va T,(n) 1a thdi gian thuc hién cUa hai doan chuong
trinh P, vaP,
Trong d6: T(n)=0(f(n)); T»(n)=0(g(n)).
Thi thdi gian thuc hién P, r6i P, ti€p theo s& 1a: Ti(n) + Ta(n)=
O(max(f(n),g(n))).
Vidu 1.9:
Trong mOt chuOng trinh ¢6 3 budc thuc hién P1, P2, P3
ThOi gian thuc hi€n tUng budc 1an 1ugt 1a: O(n?), O(n’) va O(nlog,n)
Thi thOi gian thuc hién P1 r6i d€n P2 1a: O(max(n?, n))= O(n®).
Thoi gian thuc hién chuong trinh s€ 1 : O(n®, nlog,n)= O(n?).
M6 réng cla qui tac tong:
Néu g(n) f(n) véimoi n  no thi O(f(n) + g(n)) ciing 12 O(f(n)).
Vi du : O(n* +n*)=0(n"); O(n + log,n)=0(n).
b. Qui tac nhan:
Trong mOt chuoOng trinh ¢6 2 doan P, va P, 16ng nhau,
Né&u tuong Ung v&i Py, T (n) =O(f(n));
Tuong Ung v&i P,: T,(n)=0(g(n))
Thi thOi gian thuc hién cUa 2 doan P, va P, 10ng nhau sé& 1a:
T:(n)*Tx(n)= O(f(n),g(n))
Vidu 1.10:

Cau 1énh x=x+1; C6 th0i gian thuc hién bang ¢ (hang s6) nén dugc
danh gid 1a O(1).

Cau 1énh: for (i=1; i<=n) ; i++)

x=x+1 ; c6 thOi gian thuc hién O(n.1)=0(n)
Cau 1énh: for (i=1; i<=n) ; i++)
for (j=1; j<=n; j++)
x=x+1; c6 thOi gian thuc hi€én dugc danh gid 1a
O(n*n)=0(n%)

24



c. Mot s6 nguyén tac:
- BO hang: O(cf(n))=0O(f(n)) v6i c 12 hang sO.
Vi dy: O(n%/2)=0(n).
- Phép todn tich cuc: 1a phép todn thulc gidi thuat ma s 1an thuc
hién
n6 khong kém gi cic phép toan khdc. ( tat nhién phép todn tich cuc khong
phdi 12 duy nhdt). Khi danh gi4 thGi gian thuc hién gidi thudt ta chi can
dua vao phép toan tich cuc.
- Tinh trang d{ liéu vao: ThOi gian thuc hién gidi thuat khong
nhing
chi phu thubc vao kich thu@c cla d li€u vao ma con phu thuQc vao tinh
trang cUa d{r li€u d6 n(ra. Khi phan tich thOi gian thuc hién gidi thuat ta
s& phdi xét tdi: T(n) trong truOng hop thudn 1¢i nhat? T(n) trong trudng
hop xau nhat Ia thé nao? Va T(n) trong truOng hgp trung binh? Viéc xdc
dinh T(n) trung binh thuOng khé vi s€ phadi dung t&i nhitng cong cu dac
bi€t, hon nifa tinh trang trung binh c6 th€ c6 nhi€u cich quan niém.
Trong truOng hgp T(n)tb khé xdc dinh ngu0i ta thudng ddnh gid gidi
thudt qua gid tri xau nhat clia T(n).
Vidu 1.11:

Xét bai todn tim mOt phan t& X c¢é gid tri cho trudc G trong diy A
gbm n phan tU. Ta coi phép todn tich cuc & diy 1a phép todn so sinh ai
voi X.

Trudng hop thudn 10i nhat xdy ra khi X=al (MOt 1an thuc hién so
sanh).
T(n)t6t=0(1).
Trudng hgp xau nhat xdy ra khi X=an (hodc khong tim thay).
T(n)x8u=0(n).
Thai gian trung binh dugc d4nh gia: T(n)tb=T(n)x8u=0(n).
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D
2)
3)
4)

CAU HOI VA BAI TAP CHUONG 1
Cho vi du minh hoa m6i quan hé gilta CTDL va gidi thuat.
Cho vi du minh hoa m&i quan hé gilta CTDL va cdu tric luu tr(r.
Hiy néu ba CTDL tién dinh cUa ngdn ng(t 1ap trinh da hoc.
P& quan 1y ho so cla nhan vién mOt cO quan, bi€t rang thong tin vé
mOt hO sO gOm: Ma hO sO, ho dém, tén, ngay sinh (ngdy, thang,
nim), gidi tinh, dia chi (s6 nha, duOng phO, phuGng(xi), quan
(huyén), thanh ph0 (tinh)), nghé nghiép, trinh d0, nim tuy€n dung,
hé sO luong.
- Hay khai bdo cau triic d(t li€u phit hgp d€ 1uu trltr dugc thong tin
vé
cdc hO sO nhan vién cla cO quan.
- Viét ham nhdp thong tin tUng ho s, k€t thiic nhap khi ma hd so

rOng.

5)
6)

7)

8)

- Vi€t ham hi€n thong tin h6 so cUa tUng nhan vién ra man hinh.
Hay néu céc dac trung cUa mOt gidi thuat, cho vi du minh hoa.
Vi€t luu do gidi thudt cla vidu 1.1, 1.2 vi mG rOng vi du 1.2 (tinh
tOng cic sO >0 va tich cdc s0<0), ding ngdn nglt C cai dat cic luu
do trén.
Hay dung ngdn ng(r tua C d€ dién dat cho gidi thudt sap x€p mot
diy sO nguyén theo th(¥ tU ting dan tU nhd dén 16n. Dung ngdn nglt
C Cai dat gidi thuat sdp x€p nay.
Hiy danh gi4 d0 phUc tap tinh todn cUa céc ham sau:

void TGvuong(int n)

{

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

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

printf("*");
printf("\n"); }
}
void TGvuongN (int n)
{
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for (int i=n; 1>=0; 1--)
{ for (int j=0; j<=1; J++)
printf("*");
printf("\n"); }

void taoM(int d[][3],int n)
{ randomize();
for (int i=0;i<n; i++)
for (int j=0; j<n; j++)
d[i][j]=random(20);

void inM(int r[][3],int n)
{ for (int i=0;i<n; i++)
{ printf("\n");
for (int j=0; j<n; j++)
printf("%3d" r[i][j]);

void SXmang(int a[], int n)
{
int temp;
for (int 1= O0;i<n;i++)
for (int j=i+1; j<n; j++)
if (a[i]>a[j])
{temp=ali]; a[i]=a[j]; a[j]=temp;}
}
void loaitien (int n)
{ int sc,d=0;
for (int i=1; i<=n/50; i++)
for (int j=1; j<=n/20; j++)
for (int k=1; k<=n/10; k++)
{ sc=(1*50)+(*20)+(k*10);
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if (sc==200) {d++;
printf("\n can: %d to 50\,%d to 20\, %d to 10",i,j,k);
printf("\n"); }}

printf("tong so cach la: %d",d);}
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CHUONG 2
PE QUI VA GIAI THUAT PE QUI

Muc ti€u:

Trinh bay dugc kh4i ni€ém vé dé quy.

Trinh bay dugc gidi thuat va chuong trinh st dung gidi thuat dé
quy.

So sanh gidi thudt dé quy vdi cic gidi thuat khac d€ rit ra tinh Uu
viét hodc nhugc di€m cla gidi thuat.

Trinh bay mot s6 bai toan dé qui ciin ban.

1. Khai niém dé qui
MOt d6i tugng dugc goi la dé qui n€u né bao gdbm chinh né6 nhu mOt b phan
hoac né dugc dinh nghia dudi dang cla chinh né.

Dinh nghia dé qui trong todn hQc:

- DPinh nghia sO tU nhién:

1 12 mOt sO tu nhién.

x 12 sO tU nhién n€u x-1 1a mOt sO tU nhién
- Dinh nghia n giai thUra: N!

N!=1 n€u n=0 hodc n=1

N!=n x (n-1)! néu n>1

Hinh &nh dé qui trong d&i sOng hang ngay:

Bip bé Nga (1a mOt loai bip bé dac trung cla Nga). "Di€n mao" cla cic
bip bé trong cung mOt bd thudng cling thudc mOt chl dé. MOt bO gbm
nhitng bip bé rOng rudt cé kich thudc tir 16n dén nhd. Con bip bé 10n sé
chlra dung trong 1ong con bip bé nhd hon né mot chit, cU thé, con 16n nhat
s& chlra tat cd nhling con bip bé con 1ai trong bd. MOi khi nhac mdt con phia
ngoai ra ta lai thdy mOt con nhd hon,... va con nhd nhat dugc nam trong

cung.
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2. Giai thuat dé qui va chuong trinh dé qui.
2.1. Giai thuat dé qui.

Néu 10i gidi cUa bai todn P dugc thuc hién bang 10i gidi cla mOt bai
toan P', c6 dang gidng nhu P, thi d6 1a mOt 16i gidi dé qui. Gidi thuat tuong
Ung v@i 101 gidi nhu vay goi 1a gidi thuat dé qui.

Nhung di€m mau ch6t can luu y 1a: P' tuy ¢6 dang giGng nhu P, nhung
theo mOt nghia nao d6, n6 phdi nhd hon P.

Vi du 2.1: Xét bai todn tinh giai thUra cUa s6 nguyén duong n.

Gidi thuat dé qui :

Input: n, 12 mOt sO nguyén duong.

Process:

Budc 1: Ki€m tra n:
Né&u: n=0 hodc n=1 thi gdn N!—1 va két thiic
Néu: n#0 va nz1 chuyén sang budc 2
Budc 2: Tinh giai thtta cUa n theo cong thUc: N! «—n*(n-1)! Va quay lai
budc 1
Output: N!, 1a giai thUa cUa n
Gid s n=4, gidi thudt tinh giai thUra cla n dugc th€ hi€én cu thé nhu

sau:
n=0 va nz1 chuyén sang budc 2
41=4*(4-1)! Quay lai budc 1
n=0 va nz1 chuyén sang budc 2
31=3*(3-1)! Quay lai budc 1
n=0 va nz1 chuyén sang budc 2
21=2%(2-1)! Quay lai budc 1

n=1 1!=1 Két thiic

Nhan xét:

- Sau mOi 1an ki€m tran = 0 hodc n = 1 thi n 1ai gidm di mot gi4 tri
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va s€ 1ai dugc thuc hién bang mOt chi€én thudt nhu di ding trude dé.

- C6 mOt truOng hgp dac biét, khac v&i moi triOng hgp trudc, sé
dat dugc sau nhi€u 1an gidm n di mot gid tri, d6 13 truGng hgp n=0 hodc n=1.
Lic d6 viéc gidm n s€ ngUng lai. Trudng hop dac biét nay dugc goi la
truOng hop suy bién.

Ta th€ hién gidi thudt tinh N! nay dudi dang mOt ham hay chuong trinh
con dé qui.
2.2. Chuong trinh con dé qui.
Ham tinh giai thua:
unsigned long FACTORIAL (unsigned int n)
{ if (n==0) Il (n==1)) return 1;
else return n*FACTORIAL(n-1);
}
Ham nhU trén dudc goi 1a ham dé qui. C6 th€ néu ra may dac di€m sau:

- Ham d@ qui ¢6 16i goi dén chinh ham d6. O day ham
FACTORIAL c6 16i goi t6i ham FACTORIAL.

- MGOi 1an ¢6 10i goi 1ai ham thi kich thudc cla bai toan da thu nhd
hon trudc. O day khi c6 10i goi ham FACTORIAL thi kich thudc n dugc
gidm di mOt gid tri so v&i trudc khi c6 101 goi.

- C6 mot trudng hop dic biét, trudng hop suy bién. O day chinh 1a
truOng hgp (n==0) hodc (n==1). Khi trudng hgp nay xdy ra thi bai todn con
lai s& dugc gidi quyét theo mOt cich khac han va viéce goi dé qui ciing két
thic. Chinh tinh trang kich thud@c bai todn c( gidm dan s& ddm bdo cho
truOng hop suy bi€n nay dat tGi dugc.

2.3. Pac di€ém cla mOt chuong trinh con dé qui:
MOt chuong trinh con dugc goi 1a dé qui dOng thGi phdi thda min 3
dac diém sau:

- Chuong trinh con (CTC) dé qui co’l0i goi dén chinh no.

- MBOi 1an co’10i goi lai CTC thi'kich thUo¢ cua bai toah da’thu nho hon
truoc.

- Co'mdt truong hQp dac biét, trGng hQp suy bién. Day con goi la'diéu
kién dung cua chuOng trinh con dé qui.
3. Thiét ké gidi thuat dé qui
3.1. Gidi thuat dé qui don gidn
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Khi bai todn dang xét hoac d{t liéu dang xU 1y dugc dinh nghia dudi
dang dé qui thi viéc thiét k€ cac gidi thuat dé qui t6 ra rat thuan 10i. Hau
nhU n6 phdn 4nh rat sat nOi dung cUa dinh nghia dé.

Vi du 2.2: Him Euclid-USCLN(a,b): U'éc sO chung 16n nhat clia 2 sO nguyén

a néu b=0
USCLN(a,b)

USCLN(b, a % b) néub <> 0

Ham USCLN(a,b) dugc vi€t dudi dang ham dé qui nhu sau:
unsigned int USCLN(unsigned int a, unsigned int b)
{
if (b==0) return a;
else return USCLN(b, a % b);
}
Vi du 2.3: Day s6 FIBONACCI
Diy Fibonacci bat ngu0n tU bai todn ¢ v€ viéc sinh sdn cla cédc cap
thd. Bai toan duQc dat ra nhu sau:
- Céc con thd khdng bao gi0 chét.
- Hai thang sau khi ra d0i mOt cap thd mdi s€ sinh ra mOt cap con
(mOt duc, mOt céi).
- Khi di sinh con r6i thi c&r m6i thang ti€p theo ching 1ai sinh dugc
mOt cap con mai.
Gid sU bat dau tUr mOt cdp mdi ra dOi thi dén thang th( n s€ ¢ bao
nhiéu cap?
Vi du v&i n=6, ta thay:
Thang th( 1: 1 cap (ban dau).
Théng th(r 2: 1 cdp (cdp ban ddu van chua dé).
Théang th( 3: 2 cap (da c6 thém mot cap con).
Théng th(r 4: 3 cap (cdp con van chua dé).
Théng th(r 5: 5 cdp (cdp con bat dau dé).
Thang th( 6: 8 cap (Cap con dé tiép).
Vay ta xét dén viéc tinh sO cdp thd G thang th( n: F(n).
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Ta thdy n€u moi cdp thd & thang th(t (n-1) déu sinh con thi F(n) = 2*(n-
1) nhung khong phdi nhu vay. Trong cic cap thd & thang th( (n-1) chi ¢6
nh(ing cap da c6 G thang th( (n-2) mdi sinh con & thang thU n duQc thoi.
Do dé6: F(n) = F(n-2) + F(n-1)
Vi vay c6 thé€ tinh F(n) theo cong thlc sau:
1 néu n<?2

F(n) =
F(n-2) + F(n-1) néu n>2

Daiy sO th€ hién F(n) Ung vdi cdc gfa tri clla n c6 dang sau:

n |1 |2 |3 |4 |5 |6 |7 |8 |9
Fn)(1 |1 |2 |3 |5 |8 |13 |21 |34

Diy trén g0i 1a day sO Fibonacci. N6 13 m6 hinh cUa rat nhi€u hién tugng
tU nhién va cting dugc sir dung nhi€u trong tin hoc.
Ham dé qui sau th€ hién gidi thudt tinh F(n)
unsigned int F(unsigned int n)
{ if (n <£2) return (1);
else return (F(n-2) + F(n-1));
}
O day c6 mOt chi tiét hoi khac 1a trudng hop suy bién Ung v6i hai gid tri
F(1)=1 va F(2)=1
P0i v&i hai bai toan trén vi€c thi€t k€ céc gidi thudt dé qui tuong Ung
kh4 thudn 10i vi cd hai déu thubc dang tinh gi tri ham ma dinh nghia dé qui
cUa ham d6 xdc dinh dugc dé dang.
Nhung khong phai lic nao tinh dé qui trong trong cdch gidi bai todn ciing
th€ hién r6 nét va don gidn nhu vay.
3.2. Nguyén ti¢ thi€t k€ mot gidi thudt dé qui:
PE thi€t k€ mot gidi thuat dé qui ta can trd 10i cdc cau hoi sau:
- C6 thé€ dinh nghia dugc bai toin dudi dang mot bai todn cung loai,
nhUng “nh®” hon khong? Va n€u dugc thi nhd hon nhu thé nio?
- Nhu thé€ nio 1a kich thuGc cUa bai todn dugc gidm di & mbi 1an goi
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dé qui?
- TruOng hgp dac biét nao cla bai todn s€& dugc coi la trudng hop suy
bi€n?
Vi du 2.4: Viét chuong trinh ddo ngudc chlr s6 cla mot sO (vi du:12345
—54321), yéu cau st dung thudt todn dé qui.
- Trd 10i c4c cau hoi:
» C6 th€ dinh nghia dugc bai todn dudi dang mdt bai todn ciing
lo@i, nhung “nhG” hon khong? C6, vi nguyén tac ddo ngudc céc chir sO cla
mOt sO 12 tach 1an 1uot tUng ch{r sO tU phdi sang trdi va viét 1ai tUng chit sO
theo chi€u ngugc 1ai (tU trdi qua phai).
o Va néu dugc thi nhO hon nhu thé nao? Nho hon 10 1an.
o NhU thé nao la kich thuGc cUa bai todn duoc giam di @ mOi lan.
g0i dé qui ? MOi 1an goi dé qui thi gia tri so dugc gidm di 10 18n (so=s0/10)
« Truong hop dac biét nao cla bai todn s€ duQc coi la truOng hOp
suy bién? TruOng hgp so chi con mOt chit s6 (so<10).
- Gidi thuat ddo s nhu sau:
Input: so, 1a mOt sO nguyén duong.
Process:
Buac 1:
« Né&u so < 10 thi hién thi chit s6 d6 ra man hinh. K&t thiic chuong
trinh
 Né&u so >=10 thi chuyén sang budc 2
Buoc 2:
« Lay so'bj chia ta chia cho 10, dudc s6’du hi€n thi ra man hinh
 Gidm gid tri so di 10 1an, quay 1ai budc 1
Output: SO dugc ddo ngugc.
- Ham Daoso dang dé qui:

void Daoso (unsigned int so)

{
if (so < 10) printf("%d",so0);
else
{  printf("%d", so % 10);
Daoso(so /10);
}
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{
Vi du 2.5: Bai todn thap Ha ni
O vi du trén ta c6 thé gidi quyét bai todn bang mOt gidi thudt khdc don
gidn hon nhi€u (nhu gidi thudt 13p), nhung trén thuc t€ c6 nhi€u bai todn ma
viéc gidi quyét né bang cach diung thudt toan dé qui tu nhién, dé& hi€u va
tuOng minh hon, nhU bai toan Thap Ha NOi.
Bai toan : C6 mOt chOng n dia & cOc ngudn (dia to & dudi, nho & trén) ta
can chuy€n sang cOc dich thong qua cédc ludt sau:
- Khi di chuyén moOt dia, n6 phdi dat vao mOt trong ba coc ( Thém cOc
trung gian) da cho.
- MO0i 1an chi c6 thé chuyén mOt dia, va phai 1a dia & trén cung
- Pia 16n hon khong bao gid dugc phép nam trén dia nhd hon

b1 - ||

Céch gidi quyét theo gidi thuat dé quy nhu sau:

Pat tén cdc coc 1a A, B, C. Nhitng tén nay c6 thé chuyén & cac budc
khdc nhau (3 day: A = Coc Ngu0n, C = Coc bich, B = Coc Trung Gian).

Goi n 12 tOng sO dia.

Danh sO dia tU 1 (nhd nhat, trén cung) dén n (16n nhat, dudi cling).
Trudng hop n=1:

Thuc hién yéu cdu bai todn bang cich chuyén truc ti€p dia 1 tUf coc A
sang cOc C.
TruOng hop n=2:

Chuyén dia th(f nhat (3 trén) tU cOc A sang cOc trung gian B.

Chuyén dia th( hai (& dudi) tU cOc A sang cOc dich C.

Chuyén dia th( nhat tU cOc trung gian B sang cOc dich C.
Két qud thu dugc thda man dau bai.
Trudng hop n>2:
Gid s ta dd c6 cach chuyén n-1 dia, ta thuc hi€n nhu sau:

1. Chuyén n-1 dia trén ciing & coc ngudn (A) sang cOc trung gian (B),

dung coc dich (C) lam cQc phu.
2. Chuyén dia th( n & cOc ngudn (A) sang coc dich (C).
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3. Chuyén n-1 dia tif cOc trung gian (B) sang coc dich (C), ding cOc
nguon (A) 1am coc phul.

NhU vay, bai toan thap Ha ndi tOng quit vGi n dia d3 dan dén dugc bai
toan tuong tU v4i kich th(fc nhd hon, nghia 13 tU chuy€n n dia tUf cOc A sang
coc C duagc chuyén v€ bai todn chuyén n-1 dia tU cOc A sang cOc B,... Piém
dimng cUa gidi thudt dé qui khi n=1 va ta chuy€n thang dia nay tUr cOc A sang
cOc dich C.

Gidi thuat dé qui nhU sau:

Ham chuyen(int n, char A, char C) thuc hién chuyén dia th( n tU
cOc A sang cOc C.
Ham thapHNdq(int n, char A, char C, char B) 12 ham dé qui thuc
hién viéc chuyén n dia tU coc ngudn A sang cOc dich C va st dung cOc trung
gian B.
Cai dat gidi thuat dé qui bang ngdn ngl C:
void chuyen(int n, char A, char C)

{
printf(“‘chuyen dia thu %d tu coc %c sang coc %c\n”,n,A,C);
}
void thapHNdq(int n, char A, char C, char B)
{
if (n==1) chuyen(1, A, C);
else
{
thapHNdq(n-1, A, B, C);
chuyen(n, A, C);
thapHNdq(n-1, B, C, A);
}
}

3.3. Nguyén tac thuc hién mOt ham dé qui trong mdy tinh:
Buéc 1: Mo dau
Bao luu tham s6, biéh cuc bd va'dia chi quay lui.
Buoc 2: Than
- Né tiéu chuin c0 s@ uhg voi truchg hgp suy biéh da'dat dugc

thi‘thuc hién phan tinh kéf thu¢ va'chuyén sang buoc 3
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- Néu khong thi‘thyc hién viéc tihh tUhg phan va'chuyén sang
buoc 1 (khdi tao mot 101 goi dé qui).
Buoc 3: Két thuc
Khoi phuc lai tham so, biéh cuc b0, dia chi quay lui va'chuyén toi
dia chi quay lui nay.
4. Nhan xét gidi thudt dé qui
Nhuoc diém:
T6n bd nhé va chay cham vi:
- Khi mOt ham dé qui g0i chinh né, tap cic doi tugng dudgc st dung
trong ham dudc tao ra nhU tham so6, biéh cuc bd. Ngoai ra, vi€c chuyén
giao
di€u khién tU cdc ham ciing can 1uu tr(f thong sO (goi la'dia chi quay lui),
dung cho viéc trd 1ai di€u khién cho ham ban dau.

- Viéc sir dung dé qui ddi khi tao ra cic phép toan thUra, khong can thiét
do tinh chat tu dOng g0i thuc hi€n ham khi chua gdp di€u kién dUng
cUa dé qui (vi du: return (F(n-2) + F(n-1))).

Uu diém:

- Gidi thuat dé quy dep (gon gang), dé chuyén thanh chuong trinh.

- Nhiéu gidi thudt rat dé mé ta dang dé qui nhung 1ai rat khé mo ta voi
gidi thuat khong dé qui (bai todn thdp Ha n0i), va c6 nhiing gidi thuat
dé qui thuc su ¢6 hiéu luc cao (nhu gidi thudt sdp x€p nhanh - Quick
Sort)

- V& mat dinh nghia, cong cU d€ qui da cho phép x4c dinh mOt tap vo
han cdc d6i tuong bang mOt phat bi€u hitu han. Nhu trong dinh nghia
vin pham, dinh nghia ct phdp ngdn nglt, dinh nghia mo6t s6 cdu triic
dirliéu,...

Trong thuc t€, tat ca cdc gidi thudt dé qui déu c6 thé dua vé dang 1dp (con
g0i 12 “khU” dé qui). Do dé, chi st dung dé qui khi cdc gidi thuat khong dé
qui thay th€ trd nén phlc tap hodc chudng trinh trd nén rat khé hiéu.
Vi du 2.6: Gidi that Fibonacci khong dé qui (dung phuong phdp lap):

int F(int n)
{ intfl, £2, fn;
fl=1; f2=1;

for (int 1=3; i<=n; 1++)
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{ fn=f1+12;
f1=f2;
2= fn;

}

return fn;
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CAU HOI VA BAI TAP CHUONG 2
1) Thuc hién cong viéc sau:
Viét gidi thuat dé qui d€ ddo nguoc mOt xau ky tu, vi du xau “abede”
thanh “edcba”.
Hay chi 16 cdc ddc diém cla gidi thudt dé qui & gidi thudt trén.
Vi€t ham dé qui theo gidi thudt trén.
Vi€t ham kh(r dé qui bang phuong phap 13p cho gidi thudt trén.
2) Vi€t ham kh(r dé qui bang phuong phap 18p cho vi du 2.4.
3) Hoan thién vi du 2.5 thanh mOt chuong trinh bang ngdn nglt C, chay va
ki€m tra két qua v&i n=4.
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CHUONG 3
DANH SACH

Muc tiéu:

- Trinh bay kh4i ni€ém va cédc phép todn cO ban trén danh sich;

- Trinh bay cdch st dung céc loai danh sich vé cach t6 chlc va cic

thao tac xUr 1y cO bdn trén cdu triic danh sach.

- Gidi dugc cdc bai todn sU dung danh séich.
1. Danh sich va cac phép toan co ban trén danh sach
1.1. Khdi niém danh s4ch tuyén tinh

Céu tric d{ liéu rat quen thubc & moi ngdn ng(F 1ap trinh 13 cdu tric
Mang (array). Mdng 12 mOt tap c6 thl tu gdm mot sO cO dinh cdc phan tl ¢
cung 1 ki€u dir liéu, dugc luu trlt k€ ti€p nhau va dugc truy cdp thong qua
mOt chi s6. Rat it dung phép b0 sung hay loai b phan t& ddi v&i mang.
ThuOng chi c6 phép tao 1ap (Create) mang, tim ki€m (Retrieve) mOt phan tr
cUa mang, 1uu tr(f (store) mOt phan t clla mang.

Danh sich c6 hoi khac v&i mang & chO: N6 1a mOt tdp c6 th( tu nhung
bao gdm mOt sO bi€n ddng cic phan tl (s6 1Ugng céc phan tU ludn thay dbi).
Phép b0 sung va loai bd mOt phan t(r 1a phép thuOng xuyén tic dOng 1én danh
sach.

MOt danh sdch ma quan hé lan can gilta cdc phan t0 dugc hién thi ra
thi duoc goi la danh sdch tuyén tinh (Linear list). Véc tG chinh 13 truGng hgp
dac biét cUa danh sach tuy€n tinh, d6 14 hinh anh cUa danh sich tuy€n tinh xét
tai mOt thoi di€m ndo dé ( gidng nhu mdng, chi khéc 1a kich thudc cla danh
sich c6 gia tri thay d0i). Ngoai phép b0 sung va loai bd thuGng xuyén tic
dOng con c6 cac phép: Phép ghép, tach, sap xEp, tim ki€m,...)

1.2. Cai dat danh sich theo cdu triic mang.

Véc t0 1a truOng hop ddc biét cUa danh sich tuy€n tinh. C6 th€ dung
véc to luu tr(r d€ luu tr(t danh sich tuy€n tinh. N€u c6 mOt danh sich tuy€n
tinh (ap,a,...,a,,) ta c6 thé luu trlf bang vécto 1uu trlt (vo,vi,...,var) vOi n 12
bi€n dOng, m 12 bi€n cO dinh (m>= max cla n).

Vo Vi V2 V3 ... Va-1
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Hinh 3.1: Véc to'luu tri V

Trong cai dat danh sich bang mang (con goi 1a uu tr(r k€ tiép), gid sur

d0 dai tOi da cUa danh sich (maxlist) 12 mOt sO n ndo dé, cic phan t& cla danh

sach c6 ki€u d{t li€u Item (Item c6 th€ 1a cic ki€u d{t 1i€u don gidn hodc ki€u

d{r liéu c6 cdu tric). MOi phan tU cla danh sich dugc bi€u dién bang mot

bdn ghi gdm 2 truGng. TruOng th( nhat element 14 mdng céc Item c6 kich
thudc maxlist (kich thUc cUa danh sich), truOng th( hai count ch(ra s6 1uong
phan t thuc su hi€n cé trong danh sich.

Phan t& th& 0

Phan t& th& 1

Phan t& th( 2

Phan tU th( maxlist -1

count 1

count 2

count 3

count (maxlist)

Hinh 3.2: Danh sdch duoc cai dat bang mang

1.2.1. Khai bdo cau tric cUa danh sich bang mang:

const int maxlist=100

typedef struct list

{ Item element[maxlist];
int count;

K

Vi du 3.1: Khai bdo m6t danh sich 1uu tr{f c4c sO nguyén

const 1nt maxlist=100

typedef int Item
typedef struct list
{ Item element|maxlist];
nt count;
b

Vi du 3.2: Khai bdo mOt danh sich k& ti€p 1uu tr{t cic ban ghi sinhvien

const

int maxlist=100

//dinh nghia ban ghi SinhVien

struct SinhVien
{ char Hten [35];
float LaptrinhCB, KientrucMT, MangMT, DiemTB;

b
typedef

SinhVien

Item;
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typedef struct list
{ Item element[maxlist];
nt count;
b
1.2.2. Céc thao tic cO ban cla danh sich dugc cai dat bang mang (danh
sach k€ ti€p)
a. Khdi tao mOt danh sich rOng
Theo khai bdo c@u triic danh sich cai dat bang mang, bi€n count chira s
luong phan t& cla mOt danh sich. PE€ khéi tao mot danh sich rong ta
chi can gan cho bi€n count gia tri 0.
Thao tic nay dudc st dung dau tién trudc tat cd cac thao tic khac doi
vOi danh sach.
void initializeList (list *L)
{
L->count=0;
}
a. Ki€m tra mOt danh séch c6 rOng khong.
Danh sich rOng tUc 1a sO 1ugng phan t cla danh sich bang khong (cling
giOng nhu trudng hop khdi tao danh sich).
Khi danh s4ch rOng ta khong th€ x6a mOt phan tl khdi danh séich.

int EmptyList(list L)
{

(return L.count==)0;

}
a. Kiém tra mOt danh sich c6 rOng khong.
Danh sich day tUc 1a sO luong phan tl cla danh sich bang maxlist, 1a s&
lugng phan t 16n nhat ma danh sich nay c6 thé€ luu trit.
Khi danh sich day ta khong thé bO sung mOt phan t& m&i vao danh sich.

int FullList(list L)
{

return (L.count== maxlist);

a. Tim ki€m mOt phan tU trong danh sach.
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MuOn tim ki€m mOt phan tU trong danh sich ta phdi dua vao gid tri mOt
truOng khéa cUa phan tur,

Gidi thuat tim ki€m dugc thuc hién bdi phép todn so sanh khéa tim ki€m véi
gid tri truOng khéa cUa tUng phan t0 va k€t quad trd ra 1a vi trf phan & dugc
tim thdy hodc gia tri -1 n€u khong tim thdy.

% Giai thuat:
Input:
L // 1a bi€n 6 kiéu list chla danh sdch
X /* 1 khéa tim ki€m va c6 ki€u dit liéu phit hop v0i
truong khéa cla danh sdch*/
Process:

Budc 1: Xét céac truGng hgp.

- N&u danh s4ch rOng (ham Empty==1):
Thong bdo danh sich rOng va return(-1)
- Né&u danh sich khong rOng thi chuyén sang budc 2.
Budc 2: Tim ki€m.

- So sdnh khéa tim ki€m x v&i gi4 tri truOng khéa cla
tUng phan tU trong danh sich, bat dau tlr phan t&r dau tién cho
dén khi tim thdy hodc két thic danh sich.

- Néu tim thdy return (pos: vi tri phan t{)

- Né&u khong tim thdy return (-1).

Output: pos: L vi tri phan tU c6 gid tri trudng khéa tring vGi x hodc
gi4 tri -1 néu khong tim thdy.
% Cai dat gidi thuat
int searchElement (list L, ki€u tru‘(‘jng khéa  x)

{
int 1=0;
it (Empty (L))
{
printf("Danh sach rOng!");

return(-1);

else
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{  while ((L.element [i].triOng khda==x) && (i<L.count))
1++;
if (i<L.count)
return (1);
else

return(-1);

}
a. Chen (b6 sung) mOt phan t& mGi vao danh séch.
Phé:n t& m&i c¢6 th€ dugc bl sung vao cdc vi tri: Pau tién, phia trong hodc
cudi cla danh sach.
bé co ch(x)’b()? sung r,n(f)t ph?in t0 m&i, ta Ehéi dich chuyén cac phan t0r tU vi tri
pos can bo sung xuOng culi danh siach dé b0 sung phan t& méi.
% Gidi thuat:
Input:
L // 1a con trG trG cd ki€u list
pos  //chUa vi tri cdn chen
X // 1o bién c6 ki€u Item va chlta gid tri phdn tF m&i
Process:
Budc 1: Xét cac truOng hop:
- Neéu danh sich day (ham Full==1):
Thong bdo danh sich day va két thiic.
- Ne&u vi trf pos khong hop 1€ (pos<0 hodc pos>=maxlist)

Thong béo vi tri khong hgp 1€ va két thiic

Néu danh sich khong day va vi trf pos hop 1€ thi chuyén

sang budc 2.
Budc 2: Chen phan t& mdi.

- Dich chuyén cédc phan tl tU vi tri pos xuOng cudi danh
sach.
- Chén phan t& m&i vao ding vi tri pos.
- Ting gid tri bi€n count thém mot.
Output: Phan t& m&i x di dugc cheén vao vi tri pos trong danh siach néu
cic diéu kién thda man.

44



% Cai dat gidi thuat

void insertElement (list *L, int pos, Item x)
{
nt 1;

if (Full (*L))

printf("Danh sach day!");

else

if ((pos <0) Il ( pos>= maxlist))
printf("\n V1 tri chen khong phu hop");

else

for (i=L->count;i>=pos;i--)
L-> element [i+1]= L-> element [i];
L-> element [pos]=x;

L->count++;

}
a. Xéa (loai bd) mOt phan tU khoi danh sich.
Phan t( bi x6a c6 th€ & cdc vi tri: Pau tién, phia trong hodc culi clia danh
sach.

DE x6a mOt phan tl ta chi can dich chuyén cic phan tl ti cudi danh sich
ngUgc 1én dén vi tri pos.

% Giai thuat:
Input:
L // 1a con trO tr0 cé ki€u list
pos  //chUa vi tri cdn chen
X // 1o bién c6 ki€u Item va chla gid tri phdn 1 bj xéa
Process:
Budc 1: Xét céc triOng hop
- N&u danh s4ch rOng (ham Empty==1):
Thong bio danh sich rOng va két thic
- Néu vi trf pos khong hop 1€ (pos<0 hodc pos>maxlist)

Thong bdo vi tri khdng hop 1& va két thic
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- Né&u danh sich khong rOng va vi tri pos hgp 1€ thi
chuyén sang budc 2.
Budc 2: X6a phan tU va dua gid tri phan t& nay vao bi€n x.
- Pua gid tri phan tU pos vao bi€n x.
- Dich chuyén cic phan t( tU vi tri cubi danh sich 1én vi
tri pos.
- Gidm gia tri bi€n count di mot.
Output: Phan tU pos di dugc x6a va x 1a gid tri phan tU pos trong danh
sach n€u c4c di€u kién thda man.
¢ Cai d&t gidi thuat.
void deleteElement (list *L, int pos, Item *x)
{
nt 1;
if (Empty (*L))
printf("Danh sach rong!");
else
if ((pos <0) Il ( pos>= maxlist))
printf("\n V1 tri xoa khong phu hop!");
else
{ *x=L-> element [pos];
for (i=pos;i<L->count;i++)
L-> element [1]= L-> element [1+1];

L->count++;

}
a. Sap x€p cédc phan t trong danh sach.
Mu0n sdp x€p céc phan tU trong danh sach ta phdi dua vao gid tri mOt trudng
khéa cUa phan tU.

Gidi thuat sép x€p dugc thuc hién bdi phép todn so sanh gia tri truOng khéa
sap xep cUa 2 phan t& v6i nhau (phan tl i v&i phan tl j), n€u khong diing

trat tu sap x&p thi d6i chd hai phan t{ nay cho nhau.

% Gidi thuat:
Input:
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- L 1a mOt danh sich can sap x€p theo th(r tU ting dan cUa trudng
Khaa.
- count 14 sO phan t{ trong danh s4ch L.
Process:
Lap lai cong viéc sau tlr chi chi s6 i=0 cho d€n chi s i=count-2
Lap lai cong viéc sau tl chi sO j=i+1 cho dén chi sO culi j=count-1
- So sanh truOng khéa cUa phan t0 Li v6i Lj.
- Ne&u gid tri truOng khéa Li>Lj thi hoan dGi vi trf phan t Li va
Lj cho nhau.
Output: L 12 danh sich da dugc sdp x€p theo chi€u thudn cla truGng
khéa (chiéu ting d0i vGi sO, chi€u tlr dién doi vdi chudi).
% Cai dat gidi thuat.
void sortList(list *L)
{ inti,]j, temp;
for ( 1=0; i<L->count-1;i++)
for ( j=i+1;j< L->count ;j++)
//sap x€p theo chi€u thuén
if (L->Element[i].trudng khéa>L->Element[j].trtOng khoa)
{ temp= L->Element[i];
L->element[i]= L->element[j];

L->element[j]=temp ;

}
a. Chuong trinh quan 1y di€m sinh vién.
#include <stdio.h>
#include <conio.h>
#include <string.h>
const int maxlist=100;
//dinh nghia c8u triic SinhVien

struct SinhVien
{ char masv[10];

char Hten [35];

float LaptrinhCB, KientrucMT, MangMT, DiemTB;
};
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//Pinh nghia c8u triic danh sdch
typedef SinhVien Item;

typedef struct list

{ Item element[maxlist];
nt count;

b

// ham khoi tao danh sach rong
void initializeList (list *L)
{
L->count=0;
}
// ham kiem tra danh sach co rong khong?
nt EmptyList(list L)
{

return (L.count==0);

}

// ham kiem tra danh sach co rong khong?
nt FullList(list L)

{

return (L.count== maxlist);
}
//ham tim ki€m sinh vién theo masv
int searchElement (list L, char x[])
{
int 1=0;
while (i<L.count)
if (stricmp(x,L.element[i].masv)==0)
return(i);
else
1++;

return(-1);

//ham b0 sung mOt sinh vién m&i vao danh sdch

void insertElement (list *L, int pos, Item x)
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nt 1;
if (FullList (*L))
printf("Danh sach day!");
else
if ((pos <0) Il ( pos>= maxlist))
printf("\n V1 tri chen khong phu hop");

else
{
for (i=L->count;i>=pos;i--)
L-> element [i+1]= L-> element [i];
L-> element [pos]=x;
L->count++;
}

}

//ham xéa mOt sinh vién khOi danh sdch
void deleteElement (list *L, int pos, Item *Xx)
{
int 1;
if (EmptyList (*L))
printf("Danh sach rong!");
else
if ((pos <0) Il ( pos>= maxlist))
printf("\n Vi tri xoa khong phu hop!");
else
{ *x=L-> element [pos];
for (i=pos;i<L->count;i++)
L-> element [i]= L-> element [i+1];

L->count--;

//ham sap xep theo hten
void sortListHten(list *L)
{ inti,];
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SinhVien temp;
for ( 1=0; i<L->count-1;i++)
for ( j=1+1;j< L->count ;j++)
if (stricmp(L->element[i].Hten,L.->element[j].Hten)>0)
{ temp=L->element[i];
L->element[i]= L->element[j];

L->element[j]=temp ;

}

//sap xep theo diem tb giam dan
void sortListDTB(list *L)
{ iti,];

SinhVien temp;

for ( 1=0; i<L->count-1;i++)

for ( j=1+1;j< L->count ;j++)
if (L->element[i].DiemTB<L->element[j].DiemTB)
{ temp=L->element[i];
L->element[i]= L->element[j];

L->element[j]=temp ;

// ham nhap thong tin mot sinh vien
void NhapSinhVien (SinhVien *p)
{ float f;
char ht[35],ma[10];
fflush(stdin); //ham xoa vung dem ban phim
printf("\n ma sinh vien: "); gets(ma);strcpy(p->masv,ma);
fflush(stdin);
printf("\n Ho ten: "); gets(ht);strcpy(p->Hten,ht);
//Nhap diem cho sinh vién
printf("Diem Lap trinh CB: "); scanf("%ft",&f); p->LaptrinhCB=f;
printf("Diem Kien truc MT: "); scanf("%f",&f); p->KientrucMT=f;
printf("Diem Mang MT: "); scanf("%f",&f); p->MangMT=f;
//Tinh diem trung binh
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(*p).DiemTB=( p-> LaptrinhCB+ p-> KientrucMT+ p-> MangMT )/3;
}

//Dinh nghia ham hien thong tin mot ban ghi sinh vien
void HienSinhVien (SinhVien sv)
{
printf ("\n Ma sinh vien %10s", sv.masv);
printf ("\n Sinh vien %35s", sv.Hten);
printf ("\n Diem Lap trinh CB : %4.1f", sv.LaptrinhCB);
printf ("\n Diem Kien truc MT : %4.1f", sv.KientrucMT);
printf ("\n Diem Mang MT : %4.1f", sv.MangMT);
printf ("\n Diem TB : %4.1f", sv. DiemTB);
getch();
}

// ham tao danh sdch sinh vien
void CreateList (list *L)

{ inti1=0;
char kt;
Item sv;

do

{ printf("nhap phan tu thu %d:",i+1); NhapSinhVien(&sv);
L->element[i]=sv;
L->count++;i++;
printf("ban nhap tiep khong c/k? "); fflush(stdin);kt=getchar();
}
while (kt!='k');
}

//ham in danh sdch sinh vien
void PrintList(list L)
{ inti;
if (EmptyList(L))
{ printf("Danh sach rong");
return;
}
for (i=0; i<L.count;i++)
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HienSinhVien(L.element[i]);

//ham menu
int menu()
{ 1int chon;

clrscr();
printf("\n MOT SO THUAT TOAN VE DANH SACH \n\n");
printf(" Nhan so tuong ung de chon chuc nang:\n");
printf(" 1. Khoi tao danh sach \n");
printf(" 2. Nhap cac phan tu cho danh sach\n");
printf(" 3. In cac phan tu cua danh sach\n");
printf(" 4. Tim mot phan tu cua danh sach\n");
printf(" 5. Bo sung mot phan tu moi vao danh sach \n");
printf(" 6. Xoa mot phan tu cua mang\n");
printf(" 7 Sap xep danh sach theo ho ten\n");
printf(" 8 Sap xep danh sach theo diem tb giam dan");
printf(" 0. Thoat khoi chuong trinh\n");
printf(" Nhap so tuong ung: "); scanf("%d",&chon);

return (chon);

//ham chinh main
void main()
{ list *L;
int chon,pos;
char ht1[35];

char kt;
Item sv;
do
{ chon=menu();
switch (chon)
{
case 1:
initializeList(L);

break;
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case 2:
CreateList(L);
break;
case 3:
printf("\n Danh sach sinh vien:\n\n") ;
PrintList(*L);
getch();
break;
case 4:
printf ("\n Nhap HT can tim: "); fflush(stdin);
gets(htl);
pos=searchElement(*L,ht1);
if (pos!=-1)
printf("\n Tim thay sinh vien tai vi tri % ",pos);
else
printf("khong tim thay sinh vien %s ",htl);
getch();
break;
case 3:
printf ("\n Nhap SV moi: ");
NhapSinhVien(&sv);
printf ("\n Nhap vi tri de chen : ");
scanf("%d",&pos);
insertElement(L,pos,sv);

printf(" Da bo sung phan tu \n");

getch();
break;
case 6:
printf ("\n Nhap vi tri de xoa : ");
scanf("%d",&pos);
deleteElement(L,pos,&sv);
printf(" Da xoa phan tu \n");
getch();

break;
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case 7:
sortListHten(L);
printf(" Da sap xep theo ho ten\n");
getch();
break;
case 8:
sortListDTB(L);
printf(" Da sap xep theo ho ten\n");
getch();
break;

default: printf ("\n ban chon sai roi! ");

}
} while (chon!=0);

}
1.2.1. Nhan xét.

Nhugc diém:

- Thong thudng maxlist chi 12 du dodn, udc chlng (nhd thi thi€u,
16n thi thUa, lang phi).

- Phép b0 sung hay loai b tOn thGi gian (vi phdi dich chuyén cic
phan t0).

U'u di€m: Truy nhap tGi cdc phan tU nhanh.
1.3. Danh séich lién két.
SU dung con trd hodc m&i ndi d€ tG chlc danh sich tuy€n tinh , ma ta g0i la
danh sich méc nOi (danh sach lién két), chinh 12 mOt gidi phdp nham khac
phuc cic nhugc di€m cla céch cai dat danh sach bang mang.
1.3.1. Cai dat theo cau tric danh sich lién k&t don.
1.3.1.1.  Nguyén tac:

MO0i phén t(f cUa danh sich dugc Iuu trilf trong mOt phan t& nhG ma ta
20i 12 nit (Node). MOi nit bao gdm mOt s6 tU mdy k€ ti€p. Céc nit niy c6 thé
nam bat ky & chO nio trong b nh@. Trong mOi niit, ngoai phan thong tin Ung
vGi moOi phan tU, con c6 chlfa dia chi cla phan t& dlng ngay sau né trong
danh sach. Qui c4ch clia mOi nit c6 th€ hinh dung nhu sau:
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info link

Trudng info cha thong tin clla mOi niit trong danh sach.

TruOng link chira dia chi (mGi n6i) niit ti€p theo.

Riéng nit cudi cling thi khdng c6 niit dUng sau nén moi nOi & nit nay
phdi 12 mOt “dia chi ddc biét” chi dung d€ danh dau nit két thic danh sich
ch(r khong nhu cédc dia chi & cdc nit khac, ta g0i 13 “m0i ndi khong” va ky
hi€u 12 NULL.

PE c6 th€ truy nhdp vio mOi nit trong danh sich, thi phai truy nhap
duogc vao nit dau tién, nghia 12 can phdi c6 mOt con trd P trd tdi niit dau tién
nay.

Né€u dung miii tén d€ chi mGi ndi, ta s& c¢6 hinh dnh mOt danh sich noi
don nhu sau:

P

Hinh 3.2: Hinh &nh m&t danh sdach noi
don
D&uX chi m6i n6i khong va khi danh sach rOng thi P=NULL.

D€ 1uu tr(t danh sich lién k€t don trong ngdn nglt C, c6 thé dung cau
trdc tU tr® nhu sau:
struct node

{ ElementType info;

struct node* link;
b
typedef struct node* listnode;
Gidi thich:

- Node: La mOt cau tric gdbm 2 trudng (phan tl):
« Info: 12 truOng ch(ra d{t liéu clla mOt node va c6 ki€u d{F
li€u ElementType.
* ElementType: 12 mOt ki€u d{t liéu bat ky trong ngén nglt C,
né6 c6 thé 1a cac ki€u d{f liéu cO sG nhu sO nguyén (int), sO thlc (float),... hay
ki€u dr liéu ban ghi (cau tric),...
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e link: 12 truOng cha dia chi cla mOt node dUing ngay sau né
trong danh sich.
e struct node*: La mOt kiu con trd node.
- listnode: La mOt ki€u d{t liéu con trd node.
Vi du 3.3: Khai bdo mbt danh sich lién két don ma mOi nit chlta mbt s
nguyén.
typedef int ElementType;
struct node
{ ElementType info;
struct node* link;
};
typedef struct node* listnode;
Vi du 3.4: Khai bdo mOt danh séch lién k€t don ma moOi nit chlfa mOt ban ghi
sinhvien.
//dinh nghia ban ghi SinhVien
struct SinhVien

{ char Hten [35];
float LaptrinhCB, KientrucMT, MangMT, DiemTB;

3
typedef SinhVien ElementType;
struct node
{ ElementType info;
struct node*
link;
};
typedef struct node* listnode;
1.3.1.2. Céc phép todn cO ban vGi danh sich lién két don.
Pac di€m cUa danh sich lién k€t 12 s& dung mOi ndi va con trd d€ td chic
danh sich. Do d6 ngoai cic thao tic cO ban cUa danh sich néi chung, ta can
thém thao tic tao va cap phat bd nhG cho mot nit mdi.
a. Khdi tao mOt danh sich rOng.
La thao tic dau tién va rat quan trong d6i v&i danh sich, néu thi€u thao tic

nay chuong trinh s€ gay 10i khi thuc hién.
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Khai tao mOt danh séch rOng tUc 1a gan gid tri NULL cho con trO chira dia chi
ntit dau tién cUa danh séch.

void initializeList (listnode *P)

{
*P=NULL;

}
b. Tao va cap phit b0 nh& cho mOt niit.

Dac di€m cUa danh sich lién k€t 1a st dung bi€n con trd va cap phat dOng,
mOi khi can 1uu thong tin vao mOt nit mdi ta phdi xin mdy cap phat sO 6 nhG
du cho mOt niit thdong qua cdc cau 1énh sau:
% Gidi thuat:
Input:
X // gid tri truOng info cUa niit m&i
Process:
Budc 1: Tao nit méi.
- Xin cap phat b0 nhé cho niit m&i (con trd q).
- Gaén gid tri x cho truOng info cUa con tr0 q.
- Gén gi4 tri NULL cho truOng link cUa con tr0 q.
Budc 2: Trd két qua (return (q)).
Output: Nit méi dugc tao.
% Cai dat gidi thuat
// ham tao nut moi q
listnode newnode (ElementType  x)
{ listnode q;
g=(listnode)calloc (1,sizeof(struct node));
g->info = x;
g->link = NULL;
return (q);

}
c. Cheén mOt nit m&i vao trudc nit dau tién cla danh sich.
MOi danh sich lién k€t ludn phdi cé6 mOt con trd luu tr(r dia chi cla nit dau
tién, ta khong th€ truy cdp vao danh sich n€u khong bié€t dia chi cla niit dau

tién nay. PE chén nit mbi vao trude nit dau tién ta chi can cho trudng link
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cUa nit mGi ¢ trd vio P ( con tr6 ch(a dia chi nit ddu tién), sau d6 cho con trd

P tr® vao niit mdi g.
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Hinh 3.3a: Hinh &nh danh sdch lién két don duoc tré béi con tro
q P
\ /"~~\\§h0P fro vao q
8 “u‘\\:/ P

L » | 3 » 7 » 5

Hinh 3.3b: Hinh &nh b6 sung niit méi q vao trudc nit dau tién
(q trG thanh niit ddu tién sau phép b0 sung,
Ky hiéu NULL mO duoc thay bang dia chi khi b0 sung)

% Gidi thuat:
Input:
P // 1 con trO tr0 vao niit ddu tién cUa danh sdch
X // gid tri truOng info cUa niit mOi
Process:
Budc 1: Tao va cap phit bd nhé cho niit mdi q.
Budc 2: Xét cac truOng hop.
- Ne&u danh sich rOng (P==NULL):
q 12 niit dau tién va duy nhat cla danh sich (Cho P tré vao q).
- N&u danh sich khong rOng (P!= NULL): Ghép niit q
vao dau danh sich bang céach:
Cho truOng link cUa con tro q tro vao P.
Cho con tr@ P trd vao q.
Output: Nit mGi q 12 nit dau tién cUa danh sich.
< Cai dat gidi thuat.
//ham chen truoc nut dau.
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void Insertfirst ( listnode *P, ElementType Xx)
{ listnode q;
g= newnode(x);
if (*P==NULL)

*P=q;
else
{ g->link=*P;
*P=q;
}

}

d. Chén mot nit mGi vao sau niit cudi cling clla danh séch.
MuOn chén mOt nit m&i vao cubi danh sich ta phdi tim t&i dia chi cUa niit
culi ciing, thao tdc nay cdn mOt con trd phu m bat dau tU nit ddu tién va dich
chuyén dan qua tUng nit cho t&i nit cubi cing (nit c¢6 truOng link bang
NULL). P& gan niit m&i vao danh sich bang cich cho trudng link cUa con trd

m trd vao nit mdi g.

A 4

Y

h 4

Hinh 3.4b: Hinh @nh b6 sung niit méi q vao sau niit cui cing
(ky hiéu NULL m0 duoc thay bang dia chi sau khi b6 sung)

% Giai thuat:
Input:
P // la con tr0 trO vao niit ddu tién cUa danh sdch
X // gid tri truOng info cUa niit mOi
Process:

Budc 1: Tao va cap phat bd nhG cho mOt nit mdi q.
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Budc 2:  Xét cac truOng hgp
- Neéu danh sich r6ng (P==NULL):
q 12 nit duy nhat cUa danh sich (Cho P trd vao q)
- Ne&u danh sich khong rOng (P!= NULL):
 Tim tGi nit culi cung cUa danh séich:
Cho con tr@ phu m tim t&i niit cudi ciing cUa danh sich
« Gan q vao cubi danh sich:
Cho truOng link cUa con trd m trd vao q
Output: Nit m&i q 12 nit cudi cling cUa danh
sach
< Cai dat gidi thuat.
// ham chen sau nut cuoi
void InsertEnd ( listnode *P, ElementType x)
{ listnode q, m;
g= newnode(x);
if (*P==NULL)

*P=q;
else
{ m="*P;
while (m->link != NULL)
m=m->link;
m->link=q;

}

e. Cheén mOt nit m&i vao trudc nit R trong danh sach.
Thao tic niay cdn mOt con trd phu m, bat dau tir nit ddu tién va dich chuyén
dan qua céc nit cho t&i nit ngay trudc R va gan nit mdi vio danh sich bang
cdch cho trudng link cUa con trd m trd vao niit mbi g, rOi cho truOng link cla
con tr0 g trO vao R .
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Hinh 3.5a: Hinh @nh danh sdch lién két cé R tr6 vao niit bat ky
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Hinh 3.5b: Hinh @nh cho con trO phu m tim t0i niit trurOc niit R
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Hinh 3.5¢: Hinh @nh b6 sung mit méi q vao trudc niit bat ky R
(mii tén mO, ky hiéu NULL m& s& duoc thay bang miii tén ddm khi bO sung)

% Giai thuat
Input:
P // 1 con trG trO vao niit dau tién cla danh sdch
R //la con trO trO vao niit bat kY trong danh sdch
X // gid tri truOng info cUa niit mOi
Process:
Budc 1: Xét cdc truOng hop
- Ne&u danh sich rOng (P==NULL)
 Thong bdo danh sich rOng va két thiic
- Néu danh sich khong rOng (P!= NULL) chuyén
sang budc 2.

- NEu R tro vao nit dau tién (R==P):
Chen niit q vao dau danh siach: GOi ham Insertfirst(p,x)
- NE&u R khong trd vao niit ddu tién (R!=P)
« Tao va cap phit b0 nhé cho mOt niit mdi q
e Tim t&i nit ngay trudc niit R trong danh séch:
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Cho con trd phu m tim t&i nit ngay trudc nit R
« Ganq vao danh sich:
Cho trudng link cUa con trd q trd vao R
Cho truOng link cUa con tr0 m trd vao q
Output: Niit mGi q dugc cheén vao danh sdch
% Cai dat gidi thuat
//ham chen niit mOi q vao truoc nut bat ky R
void InsertBefore ( listnode *P, listnode R, ElementType x)
{ listnode q, m;
if (*P==NULL)
printf("Danh sach rong");

else

if (R == *P)
Insertfirst(P,x);

else

{ g= newnode(x);
m=*P;
while (m->link !=r)

m=m->link;

g->link=R;
m->link=q;

}

}

f. Chén mOt nit m&i vao sau nit R trong danh sach
D€ cheén nit m&i vao sau nit R ta chi can gan gid tri truOng link cla R cho

trudng link cUa con tr® g, sau d6 cho link cUa R trd vao g.
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Hinh 3.6: Hinh anh béjsung niit mi g vao sau niit bat ky R
(miii tén m duQc thay bang cdc miii tén d@m khi b0 sung nit m&i q)
% Gidi thuat
Input:
P // la con trO trO vao miit ddu tién cla danh sdch
R //la con trO trO vao niit bat ky trong danh sdch
X //x gid tri truOng info cUa niit mOi
Process:
Budc 1: Xét céc triOng hop
- Danh sach r6ng (P==NULL)
* Thong bdo danh sich rOng va két thiic
- Danh sich khong rong (P!=NULL), chuy&n sang
budc 2.
Budc 2: Chen nit moi.
- Tao va cap phat bd nhd cho mbt nit méi q.
- Chen nit m&i q vao sau R.
e Cho truOng link cUa q trd vao trudng link cUa cla R.
¢ Cho truOng link cUa con trO r trd vao q.
Output: Nit mGi q dudc chén vao danh séich.
% Cai dat gidi thuat.
//ham chen sau mot nut R bat ky
void InsertAfter (listnode *P, listnode R, ElementType x)
{ listnode q;
if (*P==NULL)
printf("Danh sach rong");

else

{ g= newnode(x);
g->link = R->link;
R->link = q;

}

}

g. X6a mOt niit trd bdi con trd R trong danh sach:
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Thao tdc ndy can mOt con tr@ phu m, bat dau tU nit dau tién dich chuyén dan
qua tUng niit cho t&i nit ngay truGc R, ti€p d6 cho trudng link cla m trd vao
link cUa R.
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Hinh 3.7b: Hinh @nh xéa niit trO b0i con tro R
(cdc midi tén mO s& duQc thay bang mii tén d@m khi loai bo niit R)

% Gidi thuat.
Input:
P // 1 con tr0 tr0 vao niit ddu tién cla danh sdch
R //la con trO tr0 vao niit can xéa trong danh sdch
Process:
Budc 1: Xét cdc truOng hgp
- Neéu danh sich rOng (P==NULL):
Thong bao danh sich rOng va két thic.
- Né&u danh sich khong rOng (P!=NULL): Chuyén sang
budc 2.
Budc 2: Xét cac truOng hgp
- NEuR trd vao nit dau tién cla danh sich (R==P):
¢ Xo6a nit R: Cho con tr R tr@ vao trudng link cla R
* Gidi phéng bd nhé cho niit R;
- Neéu R khéng trd vio nit dau tién (R!=P)
 Tim t&i nit ngay trudc niit R
Cho con tr0 phu m tim tdi nit ngay tru@c nit R.
« Ngat niit R khoOi danh séch
Cho trudng link cUa con trd m trd vao link cUa R.
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* Gidi phéng bd nhé cho R.
Output: Nit m6i R di dugc x6a khéi danh

sach.
% Cai dat gidi thuat.
//ham xoa mot nut R
void DeleteNode ( listnode *P, listnode R)

{ listnode m;
if (*P == NULL)
printf (" DANH SACH RONG");

else

if (R == *P)

{ *P=(*P)->link;
free(R);

}

else

{ m="*P;
while (m->link !=R)

m=m->link;
m->link=R->link;
free(R);

}

h. Tim mOt niit trong danh sach.

Thong thuOng truOng info clla mOi nit ciing 14 mOt ban ghi (gdm nhiéu
truong). MuOn tim ki€m moOt nit trong danh sich ta phdi dua vao gid tri mOt
truOng goi 1a trudng khéa cUa nit.

Gidi thuat tim ki€m dugc thuc hién bdi phép toan so sanh khéa tim ki€m véi
gid tri truOng khéa cla tUng nit, bat dau tU nit ddu tién cho tGi nit cdn tim
hodc da hét danh sdch ma khong thdy. K&t qud trd ra 1a dia chi cUa nit dugc
can tim hodc gi4 tri NULL néu khong tim thdy.

x=5
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Hinh 3.8: Hinh @nh tim niit ¢é gid tri truOng khéa cUa info bang x

% Gidi thuat:
Input:
P // la con trG trO vao niit ddu tién cUa danh sdch
X /% 1 khéa tim ki€m va cé ki€u dit liéu phit hop vOi
truong khéa cUa cdc niit trong danh sdch™/
Process:
Budc 1: Xét cdc truOng hop
- Né&u danh sich r6ng (P==NULL):
Thong bao danh sich rOng va két thic

- Néu danh sich khong rOng (P!=NULL): Chuyén sang

budc 2
Budc 2: Tim nit c6 gia tri truGng khéa cUa info bang x

- Lap lai cong viéc sau cho tdi khi tim thdy hodc hét danh

sach (tU nidt dau tién):
« N@&u gid tri truOng khéa cUa info tring v&i x thi
return (dia chi cUa niit nay);
 Ne&u khéc thi dich chuyén sang nit d(ng sau.
- Khong tim thdy: return (NULL)

Output: Dia chi cUa nit dugc tim thdy hodc

gi4 tri NULL né€u khong tim thay.
% Cai dat gidi thuat

Gid thi€t, ham tim ki€ém xem trong danh sich nd®i don luu tr(f nhing sO

nguyén, n€u c6 mOt nit ma gid tri truGng info bang x (1a mOt s6 can tim) thi

ham tra ra dia chi 6 nh& cUa nit d6, ngugc 1ai ham trd ra gi tri NULL.
//ham tim nut co gia tri truong info=x
listnode SearchNode ( listnode P, int X)
{ listnode m;

if (P ==NULL)

printf (" DANH SACH RONG");
else
{ m=P;
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while (m !=NULL)

if (x==m->info)

return (m);
else
m=m->link;
}
return (NULL);

}
1.3.1. Cai dat theo cau tric danh sach lién két kép

1.3.2.1. Nguyén tac

MO0i phan tU cla danh sich dugc 1uu trlt trong mOt phan tf nhd ma ta goi 1a
nit (Node). M6i nit bao gdm mot sO tUr mdy ké ti€p. C4c nit niy cé thé nam
batky G chd nio trong bd nhd. Trong mdi niit, ngoai phan thong tin Ung vGi
mOi phan tU, con c¢6 chira dia chi cla phan t( dlng ngay truGc va sau né trong

danh sach. Qui cdch clla mOi niit c6 thé hinh dung nhu sau:

PLeft INFO PRight

TruGng INFO ch(ta thong tin cla moi niit trong danh sach.

Trudng PLeft ch(a dia chi cUa nit dUng ngay tru@c, riéng nit dau tién
khong c6 niit dUng trudc nén PLeft ¢6 gid tri NULL.

Trudng Pright chta dia chi cUa niit dUng ngay sau, riéng nit cudi cling
khong ¢6 nit dUng sau nén PRight ¢6 gid tri NULL.

DPE c6 thé truy nhdp vio mOi niit trong danh sach ta can phdi c6 hai con
tr@ L va R. Con tré L tré t&i nit dau tién va con trd R trd tdi nit culi cling.

Né€u dung miii tén d€ chi mGi ndi, ta s& c¢6 hinh dnh mOt danh sich noi
don nhu sau:
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Hinh 3.8: Hinh @nh danh sdch néi kép

D&uX chi mOi ndi khdng va khi danh sich rOng thi L=R=NULL
P& luu trlt danh sach lién két kép trong ngdn nglt C, c6 thé dung cdu

tric tU trd nhU sau:
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struct node

{ ElementType info;

struct node* PLeft;
struct node* PRight;
};
typedef struct node* DoubleListnode;
Giai thich:

- node: La mOt cau tric gdm 3 truGng gan giOng nhu danh sich lién
k€t don, chi khac 14 c¢6 hai truOng PLeft va PRight c6 ki€u struct node* ch(fa
dia chi cUa nit dUng ngay tru@c va ngay sau né6 trong danh sach.

- DoubleListnode: La mOt ki€u d{f liéu con trd node.

Vi du 3.5: Khai bdo mOt danh sich lién két kép ma moi nit chlra mbt sO

nguyén.
typedef int ElementType;
struct node
{ ElementType info;
struct node* PLeft;
struct node* PRight;
};

typedef struct node* DoubleListnode;
1.3.2.2. Céc phép todn cO ban vGi danh sich lién két kép
a. Khdi tao mOt danh sich rOng
La thao tdc dau tién va rat quan trong dOi vGi danh sich, n€u thi€u thao tic
nay chuong trinh s& gay 10i khi thuc hién.
Khai tao mOt danh sdch rOng tlc 1a gan gid tri NULL cho con trd L va R (con
tr® tr® vao dau danh sich va con trd trd vao culi danh sich).

void 1nitializeListD (DoubleListnode *L, DoubleListnode *R,)

{
*L=*R=NULL;

}
a. Tao va cap phat bd nhG cho mOt niit

Mu0n tao va cap phat bd nhd cho mOt nit mdi ta can xin may cap phat sO 6
nh& dU cho mOt nit thdong qua cac ciu 1é€nh sau:

% Giai thuat:
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Input:
X // gid tri truOng info cUa niit m&i
Process:
Budc 1: Tao nit méi
- Xin cap phat b0 nhd cho niit mdi (con trd q).
- Gaén gid tri x cho truOng info cUa con tro q.
- Gan gid tri NULL cho truGng Pleft va Pright cla con trd
q.
Budc 2: Tra két qua (return (q)).
Output: Nit m&i dugc tao.
< Cai dat gidi thuat
// ham tao nut moi.
DoubleListnode newnode (ElementType x)
{ DoubleListnode q;
g=(DoubleListnode)calloc (1,sizeof(struct node));
g->info = x;
g->PLeft = (q->PRight=NULL);
return (q);

}

a. Chén mOt nit m&i vao sau niit cudi cling cla danh sich
Thao tdc nay chi can cho cho truOng PRight cUa con trd R trd vao g, ti€p theo
cho truOng PLeft cUa ¢ tr vao R, culi ciing cho R trd vio g
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Hinh 3.9: Hinh @nh chén niit méi q vao sau niit cu6i
(ky hiéu NULL m0 s& duoc thay thé b0i cdc dia chi khi bO sung niit m&i

)

% Giai thuat:
Input:
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L,R /% 1o hai con trO tro vao niit dau tién va

cudi
cung cUa danh sdch*/
X // gid tri truOng info cUa niit moi
Process:
Budc 1:  Tao va cap phat bd nhé cho mobt nit méi q

Budc 2:  Xét cdc truOng hQp
- Né&u danh sich rbng (L==R==NULL):
q 12 niit duy nhat cUa danh sdch (Cho L va R tr0 vio q)
- Néu danh sich khong rong (L!= NULL ): Gan q vao cuGi danh
sach.
« Cho trudng PRight cUa con tr® R trd vao q
« Cho trudng PLeft cla q trd vao R
e Cho R trd vao q
Output: Nit m&i q 1a nit cubi cing cUa danh
sach
< Cai dat gidi thuat
// ham chen sau nut cuoi
void InsertEnd ( DoubleListnode *L, DoubleListnode *R,
ElementType Xx)
{ DoubleListnode q;
g= newnode(x);
if (*L==NULL) && (*R==NULL))
“L=("R=q);
else
{ (*R)->PRight=q;
g->PLeft=*R;
*R=q;

}

a. Cheén mOt nit m&i vao sau nit m trong danh sach.
D& chen nit m&i ¢ vao sau nit m, ta cdn mOt sO thao tdc theo trinh tU sau:

Cho trudng PLeft cUa g tro vao m (1).
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Cho trudng PRight cla con trd g trd vao PRight cla m (2).
Dung con trd phu ¢ trd vao PRight cla m (3).

Cho truOng PRight cUa con tr@ m tro vao g (4).

Cho Pleft cUa ¢ trd vao g (5).
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Hinh 3.10: Hinh @nh chén niit m6i q vao sau niit m
(mii tén mO th€ hién cdc dia chi sé bi g& bG khi chen nit mdi q)

% Giai thuat

Input:

L, R/ la hai con tr0 tr8 vao mit ddu tién va culi cung cUa danh sdch.

m

X

// la con trO trG vao niit bat ky trong danh sdch.
//x gid tri truOng info cUa niit moi.
Process:
Budc 1: Xét cac truOng hop
Danh sich rOng (L==R==NULL)
Thong bdo danh sich rOng va két thic.
Danh sich khéng rOng (L!=NULL), chuy&n sang budc 2

Budc 2: Chén nit m&i

Tao va cap phat bd nhé cho mot nit mdi q.
Chen nit m6i q vao sau m.
 Cho truOng PLeft cUa q tr® vao m
e Cho truOng PRight cUa con trd q tro vao PRight cUa m
 Dung con trd phu t trd vao PRight clla m
 Cho truOng PRight cUa con trd m trd vao q
« Cho Pleft cUa t tr6 vao q
Output: Nit mGi q dudc chén vao danh séch.
Cai dat gidi thuat.
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//ham chen sau mot nut m bat ky
void InsertAfter (DoubleListnode *L, DoubleListnode *R,
DoubleListnode m,ElementType x)
{ DoubleListnode q, t;
if (*\L==NULL) &&(*R==NULL))
printf("Danh sach rong");

else

{ g= newnode(x);
g->PLeft = m;
g->PRight = m->PRight;
t=m->PRight;
m-> PRight= q;
t->PLeft = q;

}

}

a. X6a mOt niit trd bdi con trd m trong danh sach.

DE x6a niit m, ta can mOt sO thao tic theo trinh tU sau:
Cho con trd phu 7 trd vao truGng PLeft cla m (1).
Cho con trd PRight cUa ¢ trd vao PRight m (2).
Cho con trd phu 7 trd vao trudng PRight cla m (3).
Cho con tré PLeft cUa ¢ tr® vao Pleft m (4).
Gidi phéng b0 nhd cho m (5).
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Hinh 3.11: Hinh @nh xéa niit trO b0i con tro m
(cdc miti tén mO th€ hién cdc dia chi sé dugc thay th€ bang cdc mii tén ddm)

% Gidi thuat
Input:
L,R /% & hai con tr0 tro vao niit ddu tién va niit cudi

cung cUa danh sdch*/
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m // la con trO trG vao niit cdn xdéa trong danh sdch
Process:
Budc 1: Xét cdc truOng hop
- Néu danh sich r6ng (L==R==NULL):
Thong bdo danh sich rOng va két thic.
- Néu danh sich khoéng rbng (L!=NULL): Chuyén sang
budc 2.
Budc 2: Xét céc triOng hop
- Neéu danh sich chi c6 mOt nit, m trd vao nit d6
(L==R==m):
Gén gi4 tri NULL Cho con tré L va R

Néu m trd vao nit dau tién cUa danh sach (m==L):

e Cho con tro L tr6 vao truOng PRight cla L.
e Cho con tro PLeft cUa L trd vao NULL.
 Gidi phéng bd nhd cho niit m.

Né€u m trd vao niit culi ciing cUa danh siach (m==R):

e Cho con tr0 R trd vao truOng PLeft cUa R.
e Cho con trd PRight cUa R trd vao NULL.
 Gidi phéng bd nhé cho nit m.

Néum trd vao niit bat ky trong danh sich

¢ Cho con trO phu t trd vao truOng PLeft cUa m.
e Cho con tr@ PRight cUa t tr@ vao PRight m.
e Cho con tro phu t tr6 vao truOng PRight cUa m.
e Cho con tr@ PLeft cUa t tr® vao Pleft m.
 Gidi phéng bd nhG cho m.
Output: Nit m&i m da dugc x6a khdi danh
sach.
& Cai dt gidi thudt.
//ham xoa mot nut m
void DeleteNode ( DoubleListnode *L, DoubleListnode *R,

DoubleListnode m)
{ DoubleListnode t;
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if (*L ==NULL) && (¥*R==NULL))
printf (" DANH SACH RONG");
else
if (L==R)&& (*R==m))
{ L=(R=NULL);
free(L);

else

{ t=m->PLeft;
t->PRight=m->PRight;
t=m->PRight;
t->PLeft=m->PLeft;

free(m);

}
1.3.1. Cai dat theo cdu triic danh sich lién két n0i vong.

La mOt ki€u cai ti€n cla danh sach ndi don va khac & chO Ia truGng
Link cUa nit cu®i ciing khong chlfa gid tri NULL ma 1a dia chi cUa nit dau
tién. Viéc cdi ti€n nay gitip ta c6 thé truy nhdp vao bat c(f nit nao trong danh
sach va tU mOt niit bat ky (khong can phdi tU nit dau tién).. Trong danh sich
nOi vong nit ndo ciing c6 th€ coi 1a nit dau tién va ciing c6 th€ coi 1a nit cudi

cling. V&i phép ghép, tich ciing c6 nhiing thudn 1¢i nhat dinh.
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Hinh 3.12: Hinh &nh danh sdch n6i vong

Nhuge di€ém: Trong khi x( 1y n€u khong 1Uu ¥ s€ roi vao chu trinh khong két
thiic (vi khong bi€t chO k&t thic danh sich).

Khac phuc bang cich dua thém vao mOt ndt dac biét goi 1a nit dau
danh séch (list head node). TruOng INFO cUa niit ndy khong ch(a d{r li€u cUa
phan t ndo (chi chua ddu hi€u danh ddu) va con trd Head bay gi0 tré t&i niit
dau danh sich nay, né cho phép ta truy nhdp vao danh sach. Bang cic nay n€u
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danh sdch rOng thi van con 1ai ddu tich (hay vé mat hinh th(c thi danh séch
khong bao gi® rOng. VGi quy UGc LINK(HEAD)=HEAD.
2. Cai dat danh sach theo cic cau tric dac biét (ngin x€p, hang doi).
2.1. Ngin x&p (Stack).
2.1.1. Khéi niém.
L3 mOt ki€u danh sich tuy€n tinh ddc biét ma phép b6 sung va phép loai bo
ludn thuc hién ¢ mOt du goi 1a dinh (Top). Nguyén tac “vio sau ra truGc”
cUa Stack di dua t&i mOt tén goi khac: Danh sich ki€u LIFO (Last In First
Out). Stack c6 th€ rOng hodc bao gdbm mdt s& phan tL.
2.1.1. C4c thao cO ban cUa Stack.

- Taolap stack.

- B0 sung m6t phan tU vao Stack.

- Loai bd mbt phan t khdi Stack.
2.1.2. Cai dat Stack bang mang.

Trong cai dat Stack bang mdng, gid s d0 dai tdi da cla Stack
(maxsize) 12 mOt sO n nao d6, cic phan tl cla Stack c6 ki€u dit liéu Item
(Item c6 thé 1a cac ki€u d{F li€u don gidn hodc ki€u d{f liu c6 cau tric). MOi
phan tU cUa Stack dugc bi€u dién bang mOt ban ghi gbm 2 trudng. Trudng
th(r nhat top ch(ra dia chi phan t(r dinh cla Stack, truOng th( hai info 12 mdng
c4c Item c6 kich thudc maxsize (kich thUc cUa Stack).

Cu thé: Diing mdt véctd 1uu trlt S gdbm n phan t& nhd k€ tiép.

« Top chlta dia chi cUa phan t& dinh cUa Stack — Phdi biét top khi mudn
truy nhdp (top sé€ c6 gid tri bi€n dGi khi stack hoat dOng)

« Khi stack rOng top=0. Néu mOi phan t{ cla stack Ung vé&i mot tlr mdy
thi khi mOt phan t& mdi dugc b6 sung vao Stack, top s€ ting 1én 1 va

ngUgc 1ai top s€ gidm di 1.

Pinh
T S[n-1]
S[n-2]
bav S[1]
Y ~ S0

Hinh 3.13: Hinh @nh Stack cai dat bang mang



a. Khai bdo cdu tric Stack bang ngdn ngir C.

const int maxsize=100 /fkich thu@c t6i da cUa Stack
typedef struct Stack
{ int  top; /ftop chla dia chi cla phdn ti dinh
ItemType info[maxsizel;  /info chua ni dung cua mGt phdn tu
b
Giadi thich:

Stack: La mOt cau tric gdm 2 trudng:
* top: Lambt s6 nguyén luu tr(F dia chi cla phan tU dinh.
 info: Luu dit liéu cla Stack va c6 ki€u di liéu mang
ItemType.
 ItemType: 12 mOt ki€u dif li€u bat kY trong ngdn nglt C, né c6
th€ 1a cdc ki€u d{ liéu co s nhu sO nguyén (int), sO thic
(float),... hay kiu d{r 1iéu ban ghi (cau tric),...
Vi du 3.6 : Khai bdo cdu tric Stack d€ 1uu tr(r 100 sO nguyén.
const int maxsize=100 /fkich thu@c t6i da cUa Stack
typedef int ItemType; //TtemType cé kiu int
typedef struct Stackl
{ int top; /ftop chUa dia chi cUa phdn t dinh
ItemType info[maxsizel;  /info chua ndi dung cua mOt phdn tu
b
a. Thao tdc khéi tao Stack.
Thao tic dau tién 1a khdi tao mOt Stack rOng, tUc 1 gan gid
tri -1 cho truOng top.
void Initialize (Stack *S)
{
S ->top=-1;
b
b. Ki€m tra xem stack c6 rOng khong.
Khi 18y mOt phan t( ra khéi Stack can ki€m tra xem Stack c6 rOng khong.
Néu Stack rOng viéc 18y phan t(r ra khoi Stack sé dudgc két thiic.
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Ham Empty trd ra gid tri 1 (TRUE) n€u Stack rong va gid tri 0 (FALSE) néu
Stack khong rong.
int Empty(Stack S)
{
return (S.top==-1);
}
c. Ki€m tra xem stack c6 day khong.
Khi b0 sung m&t phan t& vao Stack can ki€m tra xem Stack c6 day khong (tUc
12 bi€n top da dat tdi kich thirc tOi da cUa Stack chua). N€u Stack day viéc bo
sung phan tU vao Stack sé két thic.
Ham Full trd ra gi4 tri 1 (TRUE) né€u Stack day va gid tri 0 (FALSE) né€u Stack
khong day.
int Full (Stack S)
{
return (S.top= =maxsize-1);
}
d. Thao tic ddy (b0 sung) mOt phan t(f vao Stack.
Ta can xét cdc truOng hop:
- TruOng hgp Stack day:
Thong bdo Stack day va két thiic
- TruOng hgp Stack khong day:
* Ting gi4 tri bi€n top thém 1 phan t&r

« Pua gid tri mGi vao bi€n info

Cai dat gidi thudt:
void  Push ( Stack *S, ItemType Xx)
{

if (Full(*S))
printf(*“\n Stack day”);

else
{
S->top ++;
S->info[S->top] = x;
}
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e. Lay mOt phan t& khdi Stack
Ta can xét céc truOng hop:
- Trudng hgp Stack rOng:
Théng bdo Stack rOng va két thic
- Trudng hop Stack khdng rOng:
« LAy gid tri tU bi€n info ra
* Gidm gid tri bi€n top di 1 phan t
Cai dat gidi thuat:
void Pop( Stack *S, ItemType *x)
{
if (Empty(*S))
printf(“\n Stack rong”);
else
{ *x=S->info[S->top];
S->top--;
}
}
Han ché cla viéc cai dat Stack bang mang 14 ta phdi du dodn truGe kich
thudc t0i da clia ngin x€p (maxsize), NEu du dodn it thi thi€u, dU do4n nhiéu
thi lang phi 6 nh&. D€ khac phuc han ché nay ta c6 thé s& dung danh sich
lién k€t d€ cai dat ngin xEp.
f. Vi du sU dung céc thao tac cUa Stack d€ vi€t chuong trinh chuyén dGi
mOt sO hé 10 sang hé 2.
#include <stdio.h>
#include <conio.h>

//#include <stdio.h>

const int maxsize=100; //kich thudc tOi da cla Stack
typedef int  ItemType; /MtemType c6 ki€u int
typedef struct Stack

{ int top; //top cha dia chi phann tU dinh

ItemType info[maxsize];  //info ch(ta n0i dung phan t(r
b
//khoi tao stack rong
void Initialize (Stack *S)
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{
S ->top=-1;
5
//kiem tra stack co rong khong
int Empty(Stack S)
{
return (S.top==-1);
}
//kiem tra stack co day khong
int Full (Stack S)
{
return (S.top==maxsize-1);
}
/day 1 phan tu vao stack
void  Push ( Stack *S, ItemType Xx)
{
if (Full(*S))
printf("\n Stack day");

else
{
S->top ++;
S->info[S->top] = x;
}

}
// lay 1 phan tu khoi stack

void  Pop( Stack *S, ItemType *x)
{
if (Empty(*S))
printf("\n Stack rong");
else
{ *x=S->info[S->top];
S->top--;
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//d6i s6 hé 10 sang hé 2 va day vao Stack
void doiso(Stack *S, ItemType so)
{
while (so!=0)
{ Push (S,50%?2);
S0=s0/2;
}
}
/L8y tlmg chlt s hé 2 ra khGi Stack va in ra man hinh
void inso(Stack *S )
{ ItemType so;
while ('Empty(*S))
{
Pop (S,&s0);
printf("%d", so);
}
// ham chinh main
}
void main()
{ //int so;
ItemType so;
Stack *S;
Initialize (S);
printf("nhap so:"); scanf("%d", &s0);
doiso(S,s0);
inso(S );
getch();
}
2.1.1. Cdi dat Stack bang danh sach lién két don.
Pac di€m cla Stack 1a vi€c truy nhdp chi dugc thuc hién & mbt dau. bi€u
nay kha gan giii vGi danh sach lién k€t don, viéc b sung va loai bd mOt phan
t(r dugc thuc hién khd don gidn khi né ¢ dau danh sach.
DE cai dat Stack bang danh sich lién két, ta ding mOt con tro top ludn trd vio
dau danh sich va qui Udc nit dau danh sich 1a dinh, nit cudi ciing cUa danh
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sdch 1a ddy Stack. Khdc v&i cai dat Stack bang mang ta coi nhu Stack c6 kich
thudc vo han (chi phu thulc vao dung lugng bO nhd clia may tinh), chi can
ki€m tra tinh trang Stack rOng khi loai bd mOt phan tl khoi Stack.

\

Hinh 3.14: Hinh &nh mét Stack cai dat bang danh sdch n6i don

A :B | C » D

a. Khai bdo cdu triic Stack.

struct node

{ ElementType info;
struct node* link;

I

typedef struct node* Stacknode;

typedef struct

{ Stacknode top;

} Stack;

Gidi thich:

- node: La mOt cau tric gdm 2 truGng (phan tl):

« info: 1a truOng chlta d( li€u cla mOt node va c6 ki€u dit
liéu ElementType.

* ElementType: 1a mOt ki€u d{t liéu bat ky trong ngon nglt C,
né6 c6 thé 1a cac ki€u d{F li€u cO s3 nhu sO nguyén (int), sO thlc (float),... hay
ki€u dir liéu ban ghi (cau tric),...

e link: I3 truOng chla dia chi cla m6t node dUng ngay sau né
trong danh sich.

- struct node* , Stacknode: La mOt ki€u d{t li€u con trd node
- Stack: La mOt kiu cdu tric ma truOng top c6 ki€u Stacknode duoc
dung d€ chlra dia chi cla niit dau tién cUa Stack.
Vi du 3.7: Khai bdo mOt Stack ma moi nit chlra mOt sO nguyén

typedef int ElementType;

struct node

{ ElementType info;
struct node* link;
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};

typedef struct node* Stacknode;
typedef struct

{ Stacknode top;

} Stack;

b. Khditao Stack.
Khdi tao mOt Stack rOng, tlc 1a gan gid tri NULL cho truOng top
void Initialize (Stack *S)
{
S ->top=NULL;
b
c. Kiém tra xem stack c6 rOng khong.
Ham Empty trd ra gid tri 1 (TRUE) néu Stack rOng va gid tri 0 (FALSE) néu
Stack khong rOng.
int Empty(Stack S)
{
return (S.top==NULL);
}
d. D&y (b0 sung) mOt phan tl vao Stack.
Thao tic nay bao gOm nh{ing cong vi€c sau:
- Xin cap phat 6 nhé cho mOt niit mdbi q.
- Dua gi4 tri m&i vao trudng info cla con tro q.
- Gan nit q vao dau danh séch.
- Cho truOng top cUa con tro S tro vao q.
Cai dat gidi thudt:
void  GetNode ( Stack *S, ItemType x)
{ Stacknode q;
g=( Stacknode) malloc (sizeof(struct node));
g->info=x;
g->link=S->top;
S->top=q;
}

e. Ldy mOt phan tr khoi Stack.
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Ta can xét cdc truOng hop:
- TruOng hop Stack rOng:
Théng bdo Stack rOng va két thic
- TruOng hop Stack khong rong:
« Cho con trd phu q trd vio nit dau tién cUa Stack
« Lay gid tri tU bi€n info ra
« Cho trudng top cla con trd S trd vao truOng link cla q
« Gidi phéng 6 nhé cho q
Cai dat gidi thudt:
void RemoveNode( Stack *S, ItemType *x)
{ Stacknode q;
if (Empty(*S))
printf(“\n Stack rong”);
else
{ g=S->top;
x=(->info;
S->top=q->link;
free(q);
}

}
2.1.2. Ung dung cUa Stack.

- Stack thuOng dugc dung d€ gidi quy€t cac van dé c6 ca ché LIFO.
- Stack thuOng dugc dung d€ gidi quy€t cdc van dé trong trinh bién dich
cla

céc ngdn ng(r 1ap trinh nhu:

. ki€m tra ct phap cla cic ciu 1€nh trong ngdén ng(r 18p trinh.
. XU 1y cic bi€u thUc todn hoc: ki€m tra tinh hgp 1€ cla cic
dau trong

ngodac mot bi€u thlc, chuyén bi€u thic tir dang trung td (infix) sang dang
hau tO (postfix), tinh gid tri cUa bi€u thlc dang hau t0.
. XU 1y viéc goi cdc chuong trinh con.
- Stack thuOng dugc st dung d€ chuy&n mOt gidi thudt dé qui thanh gidi
thuat khong dé qui (kh(r dé qui).

2.2. Hang dogi (Queue)
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2.2.1. Khdi niém

Khéc véi Stack Queue 12 mOt DSTT ma phép b6 sung dudc thuc hién &
mOt dau goi 12 10i sau (rear) va phép loai bd thuc hi€én & mOt dau khac goi 1a
10i trudc (front). CO cau cla queue gidng nhU mOt hang dgi vao & moOt dau,
ra @ dau khdc nghia 13 vao trudc thi ra trudc nhu: Qudy ban vé, x€p hang 1én
xuOng mdy bay, mOt chOng hO soO hay mOt diy cic 1€nh dang chO x( ly, ... .
Vi vay Queue con dugc goi 1a mOt danh sach ki€u FIFO (First in First out)

Quay
thanh toan

front

F 3

2.2.2. Céc thao c0 ban cla Queue.

- Taolap Queue.

- BG sung mOt phan t vao Queue.

- Loai bd mOt phan t& khdi Queue.

2.2.3. Cai dat Queue bang mang.

Khi phép b0 sung va loai bd thudng xuyén tic dOng viao Queue, d€n mot
ldc ndo d6 ta khong thé€ thém vao Queue dudc nlfa di mang con nhi€u phan tl
trOng (cic vi trf trudc front) trOng hOp niy ta g0i 1a Queue bi tran. Trong
truOng hop toan bd mang da ch(fa cic phan t cla Queue ta g0i 1a Queue bj
day. D€ khac phuc tinh trang Queue bj tran, ngudi ta t6 chlc Q dang mang
vong tron, nghia 12 Qo dUng ngay sau Qn-1.

Trong cai dat Queue bang mang ciing gan gidng vdi Stack, chi khic 1a
mOi phan tl cUa Queue dugc bi€u dién bang mOt ban ghi gdm 4 trudng. Ba
truOng front, rear, count chUa dia chi phan t dau tién, dia chi phan t& cubi
cling va sO 1uong phan tU thuc su cUa Queue, truOng th( tU info 12 mang cic
Item c6 kich thudc maxsize (kich thUc cUa Queue).

Cu thé: Dung mOt vécto 1uu trt Q gdbm maxsize phan t& nhG ké ti€p.
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Qﬂt / rear

QO Ql Q2 anxsize—l

Hinh 3.15 : Hinh @nh véc to luu trir Queue

 front ch(ra dia chi phan t& dau tién clUa Queue — Phdi biét front khi
muOn
18y ra mOt phan tU.
 rear ch(a dia chi phan t( cudi cung cla Queue — Phdi biét rear khi
muOn
bG sung mOt phan t.
 Khi Queue rOng front = rear = -1, count=0. Néu mOi phan t{ clla Queue
Ung v&i mOt tU may thi khi b8 sung hay loai bd mOt phan tU thi font va rear
ciing s€ ting thém 1, con count ting theem1 khi bd sung va gidm di 1 khi loai
b6 mdt phan tr.
a. Khai bdo cau tric Queue bang ngdn nglt C
const int maxsize=100

typedef struct Queue

{ int front, rear, count;

ItemType info[maxsize];
35

Vi du 3.8 : Khai bdo cdu tric Stack d€ 1uu tr(r 100 sO nguyén.

const int maxsize=100 /fkich thuGc t6i da cla Stack
typedef int ItemType; //ItemType cé ki€u int
typedef struct Queuelnt
{ int front, rear, count;

ItemType info[maxsize];
};

a. Thao tic khéi tao Queue.
Thao tic dau tién 12 khGi tao mOt Stack rOng, tUc 1 gan gid tri -1 cho trudng
front va rear

void Initialize (Queuelnt *Q)
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Q ->front=-1;
Q ->rear=-1;
Q->count=0;
)
b. Ki€m tra xem Queue c6 rOng khong.
Queue rOng khi bi€n count c6 gid tri nhd hon hay bang 0.
Ham Empty trd ra gid trj 1 (TRUE) n€u Queue rOng v gid tri 0 (FALSE) néu
Queue khong rong.
int Empty(Queue Q)
{
return (Q.count <= 0);
}
c. Ki€m tra xem Queue c6 day khong.
Tinh trang Queue day khi count = maxsize-1, ta khong th€ bd sung phan tU
m&i vao Queue dugc.
Ham Full trd ra gid tri 1 (TRUE) néu Queue day va gid tri 0 (FALSE) néu
Queue khong day.
int Full (Queue Q)
{

return ((Q.count)= = maxsize-1);
}
d. Thao tic b6 sung mOt phan t( vao Queue.
Ta can xét c4c truGng hop:
- Trudng hop Queue day:
Thong bdo Queue day va két thiic
- TruOng hgp Queue khong day:
« NE&u Queue tran thi gin gi4 tri 0 cho bi€n rear.
« NE&u Queue khong tran thi ting gid tri bi€n rear thém 1.
« Pua gid tri mbi vao bién info.
 Ting bi€n count thém 1.
Cai dat gidi thuat:
void Insert(Queue *Q, ItemType x)
{
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if (Full(*Q))
printf(“\n Queue day”);
else
{ if (Q->rear==maxsize-1)
Q->rear=0;
Else
Q->rear++;
Q->info[Q->rear] = Xx;

Q->count++;

}
e. Loai bd mOt phan t( khdi Queue.
Ta can xét cdc truGng hop:
- Truong hop Queue rong:
Thong bdo Queue rOng va két thic
- TruGng hop Queue rOng sau khi loai bo:
Gén gid tri -1 cho front
- TruOng hop Queue khong rOng:
e LAy gi4 tri tUr bi€n infora
« Ne&u front=maxsize-1 thi gin gid tri 0 cho front
e Ngudc lai gidm front di 1
e Gidm count di 1.
Cai dat gidi thudt:
void Delete(Queue *Q, ItemType *x)
{ if (Empty(*Q))
printf(‘“\n Queue rong”);
else
{ *x= Q->info[Q->front];
if (Q->count=1)

Initialize (Q);
else
{ Q-> front++;
Q->count--;
}
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}
Han ché cla viéc cai dat Queue bang mang ciing gibng nhu Stack tlc 1a ta
phdi du doan trudc kich thudc t6i da cla Queue (maxsize), N€u du dodn it thi
thi€u, du doan nhi€u thi lang phi 6 nhG. D& khac phuc han ché nay ta c6 thé
st dung danh sach lién két dé€ cai dat Queue.
2.2.2. Céi dat Queue bang danh sich lién két don.
Pac di€m cla Queue 12 loai bd & mOt ddu va bG sung 3 dau khéac. PE cai dat
Queue bang danh sich lién két, ta dung hai con trQ front va rear, mOt luén trd
vao dau danh sich, mOt ludn trd vao cudi danh sach. Ta ciing chi can ki€m tra
tinh trang Queue rOng khi loai bd mot phan t& khoi Queue ma khong can
ki€m tra tinh trang Queue day.

a. Khai bdo cau tric Queue.
struct node

{ ElementType info;

struct node* link;
};
typedef struct node* Queuenode;
typedef struct
{ Queuaode front, rear;
} Queue
Giadi thich:

- node: La mOt cau tric gdm 2 truGng (phan tl):

« info: 1a truOng ch(a d{t 1iéu cla mOt node va c6 ki€u d{t liu
ElementType.

* ElementType: 1a mOt ki€u dit liéu bat ky trong ngén nglt C, né
c6 thé 1a céc ki€u d{r liéu co s& nhu s nguyén (int), sO thlc (float),... hay
ki€u d(r 1iéu ban ghi (cau tric),...

e link: I3 truOng chla dia chi cla mOt node dUng ngay sau né
trong danh sich.

- struct node* , Queuaode: La mOt ki€u df liéu con trd node.

- Queue La mOt kiéu cau tric ma con tr® fron ludn trd® vao dau danh
sach va con trQ rear ludn tr® vao culi danh sich.
Vi du 3.9: Khai bio m6t Queuema moOi niit ch(ra mOt sO nguyén.
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typedef int ElementType;
struct node
{ ElementType info;
struct node* link;
b
typedef struct node* Queuenode;
typedef struct
{ Queuaode front, rear;
} Queue
b. Thao tic khdi tao Queue.
Khai tao mOt Queue rOng, tlc 1 gan gid tri NULL cho truOng front va rear.
void Initialize (Queue *Q)
{
Q ->front=NULL,;
Q ->rear=NULL;
b
c. Ki€m tra xem Queue c6 rOng khong.
VGi Queue d€ loai bd mot niit s& dugc thuc hi€én ¢ mOt dau va ta goi 1a dau
danh séch, con tr® front ludn tr@ vio nit nay, do d6 khi Queue rOng con trd
front s€ ¢6 gia tri NULL.
Ham Empty trd ra gia tri 1 (TRUE) n€u Queue rOng va gia tri 0 (FALSE) néu

Queue khong rong.
int Empty(Queue Q)
{
return (Q.front==NULL);
}

d. BG sung mOt nit vao Queue.
Thao tdc niy bao gOm nhiing cdng viéc sau:
- Xin cap phat 6 nh& cho mOt nit mdi p.
- Dua gid tri mGi vao truOng info cUa con trd p.
- Ga4n gid tri NULL cho truOng link cUa p.
- Gan nit p vao culi danh séach.

- Cho truOng rear cUa con trd Q trd vao p.
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- NE&u p 1a niit duy nhat clQa danh sich thi cho con trd front trd vao niit
nay.
Cai dat gidi thuat:
void InsertNode ( Queue *Q, ItemType x)
{ Queuenode p;
p=( Queuenode) malloc (sizeof(struct node));
p->info=x;
p->link=NULL;
Q->rear->link=p;
Q->rear= Q->rear->link;
if (Empty(*Q))
Q->front=Q->rear;
}
e. X6a mOt niit khoi Queue.
Ta cén xét cdc truOGng hop:
- Trudng hop Queue rOng:
Thong bdo Queue rOng va két thic.
- TruoOng hop Queue khong rong:
* LAy gid tri tU bi€n info ra
« NéuQ r5ng sau khi loai bO thi g0i ham Initialize (Q)
« Nguoc 1ai cho trudng front cla con trd Q trd vao trudng link cla
front.
e Gidi phéng 6 nhd cho nut nay.
Cai dat gidi thudt:
void RemoveNode( Queue *Q, ItemType *x)
{ Queuenode p;
if (Empty(*S))
printf(‘“\n Stack rong”);

else
{ p=Q->front;
x=p->info;
if ( Q->front == Q->rear)
Initialize (Q);
else
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Q=Q->front->link;
free(p);
}

2.2.3. Ung dung cla Queue.

Queue 12 mOt cdu tric d{t li€u dugc dung khd phd bi€n trong thi€t k€ gidi
thudt. Bat kY noi ndo can qudn 1 d{ liéu, qua trinh xU 1y, ... theo ki€u vao
trudc-ra trudc déu c6 thé Ung dung Queue nhu:
- Quan ly in trén mang, nhi€u m4ay tinh yéu cdu in dong thOi va ngay cd
mOt
mdy tinh ciing yéu cau in nhi€u 1an, khi d6 cdc 1€nh yéu cau in phai
dugc xép vao mOt hang dgi, 1€nh nao yéu cau trudc dugc thuc hién
trudc.
- Céc gidi thuat duyét theo chi€u rOng mOt d6 thi c6 hudng hodc vd
hubng ciing ding hang dgi d€ qudn 1y cdc nit d6 thi. C4c gidi thuat doi
bi€u thc trung tO thanh hdu t0, tién t0.
MOt tap cdc 1énh chd thuc hién bdi hé diéu hanh mdy tinh ciing tuan theo
nguyén tac cUa Queue. ..
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1)

a.

CAU HOI VA BAI TAP CHUONG 3

Hiy vi€t chuong trinh thuc hi€n cic cong viéc sau:

SU dung cdu tric mang d€ dinh nghia mOt danh sich luu trlf cic sO
nguyén.

Vi€t ham nhap danh sich sO nguyén tU ban phim, 1uu tr(f cic sO nguyén
trong danh s4ch theo thU tu' nhap vao.

Vi€t ham nhap danh sich sO nguyén tU ban phim, 1uu tr(f cic sO nguyén
trong danh sdch theo thU tu ngugc v&i th( tu nhap vao.

Vi€t ham in ra man hinh cdc sO nguyén trong danh sich.

Viét ham tim ki€m mot sO nguyén c6 gia tri dugc nhap tU ban phim.

f. Vi€t ham x6a khoi danh sdch mOt sO nguyén c6 gid tri dugc nhdp tU ban

phim (g0i ¥ st dung him tim ki€m & cAu trén d€ tim vi tri phan t0).
Viét ham b& sung mOt sO nguyén vao sau phan tU ¢é vi tri i trong danh
sach.

Viét ham b6 sung mOt sO nguyén vio truGc phan tl c6 vi trf i trong

danh sach.

i. Tao mOt menu cho phép Iua chon thuc hién cdc cong viéc trén.

2)

a.

SU dung danh séach lién k€t don d€ viét 1ai chuong trinh & céu 1.
Luu y: Ham b0 sung & muc g va h c6 thé thay vi trf i bang dia chi mo6t
nut trong danh sach.
Hiy viét chuong trinh thuc hién cic cong viéc sau:
Pinh nghia m6t cdu tric danh sich sinh vién bang mdng, thong tin vé
mOi sinh vién gbm:
struct Sinhvien
{
char Masv[10];
char HoTen[30];
float Diem;
char Loai[10];

|5

b. Viét ham cap nhap thong tin cho truOng loai theo nguyén tac.

Di€ém X&p loai
TU 9 dén 10 Gioi
TU 7 dén 8 Khé
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4)
5)

6)

7)

TU 5 dén 6 Trung binh
Nhé hon 5 yéu

. Vi€t ham nhap danh sich sinh vién tU ban phim, 1uu tr(f cdc sinh vién

trong danh séch theo th( tU nhap vao.

. Vi€t ham nhdp danh sdch sinh vién tU ban phim, 1uu tr(f c4c sinh vién

trong danh séch theo th( tU ngugc v3di th( tu nhap vao.

. Viét ham in ra man hinh c4c phan t{ trong danh sach theo th( tu cUa né

trong danh sach theo dang sau:

HO VA TEN DIEM XEPLOAI
Nguyen Van A 7 Kha
Ho Thi B 5 Trung binh
Dang Kim C 4 Yeu

. Viét ham tim ki€m moOt sinh vién ¢ ma sinh vién dugc nhap tU ban

phim

. Vi€t ham x6a khoi danh sdch mOt sinh vién ¢ mi sinh vién dugc nhap

tUr ban phim (g@i y s& dung ham tim ki€m & cAu trén d€ tim)

. Viét ham b6 sung mOt sinh vién mdi vio sau mOt sinh vién dugc chi ra

trong danh sach.
Viét ham b& sung mOt sinh vién mdi vao trudc mOt sinh vién dugc chi

ra trong danh sach.

. Tao mOt menu cho phép 1ua chon thuc hién céc cong viéc trén.

St dung danh sach lién k€t don d€ viét lai chuong trinh & ciu 3

Vi€t ham nhdp vao tU ban phim cic sO nguyén, luu trlf né trong mOt danh
sdch c6 th(r tu ting dan, theo cich sau: VGi mOi sO dugc nhdp vao ham
phdi tim vj trf thich hgp d€ chén né vao danh sich cho ding th(r tu. Viét
ham cho truOng hgp danh sich dugc cai dat bang mang va cai dat bang
danh séch lién két.

Vi€t ham loai b4t cic phan tU tring nhau chi gilt 1ai 1 phan t& trong
mOt danh sich c6 th( tu khong gidm trong 2 truGng hgp: Cai dat bang
mdng va cai dat bang danh sach lién két.

Vi€t ham ddo ngugc mOt danh sich trong cd 2 truGng hogp 1a luu trit
bang mdng va luu trf bang danh sach lién két.
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8) Vi€t ham x6a khdi danh sich cc s6 nguyén nhling sO nguyén chan, trong
cd 2 truOng hop 1a luu tr(f bang mang va luu tr(f bang danh sich lién
két.

9) Hay st dung cic thao tic cUa Stack d€ vi€t chuong trinh chuyén dGi mOt
sO hé 10 sang mOt hé khic (hé 2, hé 8, hé 16). Cai dat Stack theo mang

va theo danh sich lién két.
10) Viét ham ddo ngugc mot Stack.

11) Viét ham ddo ngugc mOt Queue.
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CHUONG 4
CAC PHUONG PHAP SAP XEP CO BAN

Muc tiéu:
- Trinh bay dugc khdi niém bai todn sap x€p;
- M0 phong dugc gidi thuat, cach cai dat, cdch d4nh gid gidi thuat
cla mOt s6 phuong phép sap x€p ¢ ban;
- Gidi dudc cdc bai todn sdp x€p st dung cic phudng phip sap
x€p
da khdo sat.

1. Pinh nghia bai toan sap x€p
1.1. Patvandé

Sap x€p la qua trinh b trf 1ai cdc phan t0 cUa mOt tap dbi tuong nio
d6, theo mOt th(r tu' an dinh. Nhu th(r tu ting dan (hay gidm dan ) d0i v&i mot
day sO, th(r tu tU dién d6i vGi céc chi,...

Trong cuOc sOng thuOng xuyén xudt hién tinh huéng doi hdi dit liéu
phai dugc sap xEp theo mOt trat tu, nhu mudn tra tU di€n, mubn tim ki€m
mot s6 dién thoai, hay don gidn hon sdp x€p danh sich hoc sinh, sinh vién
clla mOt 16p hoc,...

P6i v6i cac Ung dung tin hoc, yéu cu sap x€p dit liéu Iuu trt trong
mdy tinh d€ tim ki€m cho thuén 10i, sdp x€p cdc két qud xU 1y d€ in ra trén
bang bi€u v.v...

C6 hai phuong phép sdp x€p, phuong phip sdp x€p trong: La cic
phuong phdp tic dOng trén mOt tap cdc ban ghi luu trlt dOng thdi ¢ bO nhé
trong hay con g0i 14 bdng (table). Phuong phap sdp xép ngoai: La cac phuong
phap tiac dOng trén mOt tap 16n céc ban ghi 1uu trlt & bO nhé ngoai dudi dang
tép (file).

1.2. Dinh nghia bai todn.

Bai todn duc dat ra G diy 1a sap x€p d6i véi mOt bang gdm n ban ghi dudgc
luu tr(t & bd nhd trong (sap x€p trong). MOi ban ghi (d0i tugng) bao gOm
mOt sO truOng (thulc tinh) chlra d{f 1iéu c6 th€ rat khic nhau, nhu bang
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di€m cUla sinh vién mOt 10p bao gbm céc ban ghi Iuu trlf cc thong tin vé ma
sinh vién, ho tén sinh vién, di€m mon 1, mdn 2,..., di€m trung binh.

Tuy nhién, khong phdi toan b0 cic trudng d{ liéu trong ban ghi déu dugc
xem xét dén trong qud trinh sap x€p, ma thong thuOng chi mOt trudng nio dé
(hodc mOt vai truOng nao dé — nhung truOng hop nay ta sé& khong dé cap
dén ) dugc chi ¥ t6i thoi va dugc goi 1a truOng khod. Sap x€p sé dudgc tién
hanh dua vao gid tri cUa triOng kho4 nay.

MOt céch tOng quat, gidi thudt sdp xEp bao gdm hai thao tic cO ban 1a
so sanh gi4 tri khéa cla cic ban ghi trong bang va bo trf 1ai vi tri cic ban ghi
sao ding th( tu &n dinh. O bang diém, v&i trudng khéa 1a di€m trung binh
khi sap x€p ta so sdnh cdc di€m trung binh cla cdc ban ghi va b0 trf 1ai cédc
ban ghi sao cho ding th( tU ting dan hay gidm dan cUa di€m trung binh. V&i
truOng khoéa 1a ho tén sinh vién, ta so sdnh céc chubi ho tén, nhUng thuc chat
cUa so sanh chuOi ky tu 1a so sanh gid tri ma cUa ky tu tudng Ung trong hai
chu0i v&i nhau, ma gia tri ma cUa ky tu ciing 1a mOt con s0.

PE gitip 1am don gidn céc gidi thudt sap x€p ta tam coi bai todn sap xE€p trén
mOt badng gbm n ban ghi chi ¢cé mOt truOng va d6 1a trudng khéa. Nhu vay,
thao tdc dGi chd ban ghi chi dugc thuc hién véi trudng khéa va gid tri khéa 1a
cic sO nguyén, con th(r tu sap x€p 1a th( ty ting dan.

Thuc t€ c6 nhi€u gidi thudt sdp x€p, moi gidi thudt déu dugc tOi Uu trén
mOt khia canh nao d6, c6 nhiing gidi thudt c6 nhirng Uu di€m hon nhimg gidi
thudt khéac. Trong khuon khé gido trinh s€ giGi thiéu 4 gidi thuat sap x€p don
gidn va mOt gidi thudt sdp x&p nhanh (quick sort).

2. Phuong phap sap x€p cheén (Insertion sort).

2.1. Y tulng gidi thuét Insertion sort.

Dua theo kinh nghiém cUa nhitng ngU0i choi bai. Khi c6 i-1 14 bai da dugc
sap x€p dang G trén tay, n€u rit thém 14 bai th( i nfa thi can so sanh 14 bai
méi i 18n 1UGt v&i 14 bai thet (i- 1), th(t (i—2) ... d& tim ra “ch®” thich hgp
va “chen”

2.2. M0 ta gidi thuat.

né vao cho doé.

Input:
- K1a mOt ddy khéa can sap x€p theo th(r tu ting dan
- nlasO lugng khéa trong diy K
- Céc khéa dugc danh so tur Ko, K1,...Ki,...Kn-1
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Process:
Budc 1: Tam coi khéa Ko da dugc sap x€p.
Budc 2: Thuc hién sdp x€p
Lap lai cong viéc sau tir khéa K1 (i=1) cho dén hét diy (Kn-1)
- Budc 2.1: Gan gid tri Ki cho bi€n temp (12 bi€n tam) va i-1
cho j
- Budc 2.2: Lap lai cong viéc sau cho t6i khi (j<0) hodc (temp
>=Kj)
« Chuyé€n gid tri Kj sang K(j+1)
e Gidm j di mOt don vi
- Budc 2.3: Chuyén gid tri temp vao K(j+1).
Output: K 12 diy khéa da dugc sdp x€p theo chi€u ting dan
2.3. Cai dat gidi thuat.
void InsertionSort (int K[ |, int n)
{ int 1, j, temp;
for (i=1 ;i<n;i++)
{ temp=KI[i];
j=i-1
while ((G>=0)) && (temp< K[j]))
{
K[j+11=KI[jl;
js
}
K[j+1]=temp ;
}
2.4. Bi€u dién gidi thuat.
MO ta gidi thuat v&i diy khoa:
K: 6 4 9 3 7
n=>5
Trong bang mé ta cdc s6 mo la nhitng s6 da bi thay thé bang gid tri moi
(dam).
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temp=4

Day khoa K 6 4 ) 3 7
Chi s6 (n=5) -1 0 1 F 3
Lin 1- i=1 va 4 6 9 3 7
j=i-1=0 j=<0 J i temp< K[j]: K[j+1] < KI[j]; j-;
K[j+1]«temp
Két thue lan 1
temp=9
Diy khoa K 4 6 9 3 7
Chi s6 (n=5) -1 0 1 2 3 Y
Lin2:i=2 4 6 9 Coi day chi c6 3 phan tir
va j=i-1=1 Temp> KJj]: i i
két thiic 1an 2
temp=3
Déy khoa K 3 4 6 9 =
Chi s6 (n=5) -1 0 I 2 3
Léan 3: i=3 4 6 9 3 Coi day
vaj=i-1=2 j<0 j j j i Ch]‘ co 4
K[}'H]‘_“?mp temp< K[j]: K[j+1] < K[j]; j-; phan tir
Keét thue lan 3
temp=7
Diay khéa K 3 4 6 ) ~
Chi s0 (n=5) 1 0 I 2 3
Lan 1: i=1 3 4 6 7 9
va j=i-1=0 temp=K[j]: K[j+1] < K[j]; i j i
Ket thic lan 4 temp= K[j]: K[{H1] — K[ j—
Day khoéa K da duogc sip xép 3 4 6 7 9

3. Phuong phap sap x€p chon (Selection sort).
3.1. Y tuéng gidi thudt Selection sort.
Xuat phdt tUr khéa dau day (KO0), So sanh khéa nay v&i cdc khéa dlng sau, n€u
gdap khéa nhd hon thi 1dy khéa nhd hon nay so sanh v3i cic khéa ti€p theo, cl
nhu vay cho dén hét diy (Kn-1). P6i chd khéa nhd nhét véi khéa dau day.
Lap lai tuong tu vGi cac phan tU ti€p theo (K1) cho dén khéa sat
culi (Kn-2)
K&t thiic ta dugc ddy da sap x€p.
3.2. M0 ta gidi thuat.
Input:
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- K1a mOt ddy khéa can sap x€p theo th(r tu ting dan.
- nlasO lugng khéa trong diy K.
- Céc khéa dugc danh sO tir K0, K1,...Ki,...Kn-1
Process:
Lap lai cong viéc sau tU khéa Ki (i=0) cho d€n khéa sat cudi (Ki=n-2)
Budc 1: Gan gia tri i cho m (bi€n m 1uu chi s0 j khi Kj< Ki)
Budc 2: Lap 1ai cong viéc sau tU (j=1) cho dén hét diy (j=n-1)
- So sdnh Kj v6i Km
- Néu Kj<Km thi gin gid tri j cho m
Budc 3: Hoan d0i gi4 tri cUa Ki va Km.
Output: K 1a ddy khéa da dugc sap x€p theo chiéu ting dan
3.3. Cai dat gidi thuat
void SelectionSort (int K] ], int n)
{ int 1,j, m, temp;
for (i=0 ;i<n-1; i++)
{ m=i;
for (j=i+1 ;j<n; j++)
if (K[j] < K[m])
m=j;
temp=K[i]; K[i]=K[m]; K[m]=temp ;

3.4. Bi€u dién gidi thudt.
M0 ta gidi thuat v&i day khoa:
K: 6 4 9 3 7
n=>5
Trong bdng mé 13 cdc s6 mO la nhitng s6 da bi thay thé bang gid tri moi
(dam).
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Day khoa K 6 4 9 3
Chi s6 (n=5) 0 ! 2 3
Luotl:i=0; | 3 4 ? 6

m=iva i J ] ]
J=itl=l m ---» Mm----f----mmmmmeo s> m

K[m] = K[j]: m « j;
j++; j=n-1: Két thuc luot 1;

izm: K[m] < K]i]

Day khoa K 3 4 9 6
Chi s6 (n=5) 0 I ) 3
Luot 2: i=1; 3 4 9 6
m=iva i j j
j=it1=2; m

K[m] < K[j]: j++; j=n-1: Két thuc lwgt 2;

Day khéa K 3 4 9 6
Chi s6 (n=5) 0 1 2 3
Luot 3: i=2; 3 4 6 9

m=iva i j
jit1=3; m o m

K[m] > K[j]: m < j:
j++: j=n-1: Két thuic luot 3;

i#m: K[m] < KI[i]
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Day khoa K 3 4 6 9 7
Chi s6 (n=5) 0 1 2 3 4
Luot 4: i=3: 3 4 6 7 9

m=iva i J
j=it1=4; m -l m

K[m] > K[j]: m < j;
j++; j=n-1: Két thiic luot 4;

izm: K[m] < KIJi]

Day khoa K da dwgce sap xep

3 4 6 9 7

4. Phuong phap sap x€p dbi chd (Interchange sort).
4.1. Y tudng cla gidi thudt Interchange sort.
Xuat phat tU khéa dau diy (K0), So sanh khéa KO v&i cic khéa dlng sau, n€u
gdp khéa nhé hon thi hoan d6i gi4 tri cho nhau r0i 1ai ti€p tuc so sanh KO vGi
cdc khéa ti€p theo, c(f nhu vay cho dén hét diy (Kn-1), sau 1uot dau, khéa
nhO nhat dugc chuyén ve vi tri KO
Lap lai tuong tu v4i cac phan tl ti€p theo (K1) cho dén khéa sat cudi (Kn-2),
ta dugc phan tU th(r 2 (K1) 1a khéa nho th(r 2,...K€ét thic ta dugc day da sap
x€p.
4.2. Mo ta gidi thuat.
Input:

- K1a mOt diy khéa can sap x€p theo th(I tuU ting dan

- nlasO6 lugng khéa trong diy K

- Céc khéa dugc danh so tir KO, K1,...Ki,...Kn-1

Process:
Lap lai cong viéc sau tUr khéa Ki (i=0) cho dén khéa sat cudi (Ki=n-2)
Lap lai cong viéc sau tlr (j=i+1) cho dén hét diy (j=n-1)
- So sénh Ki v6i Kj
- Neéu Ki>Kj thi hodn dGi gi4 tri cla Ki va Kj cho nhau

Output: K 1a diy khéa da duoc sap x€p theo chi€u ting dan.
4.3. Cai dat gidi thuat.

void InterchangeSort(int K[], int n)
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{ intl,j, temp;

for ( 1=0; i<n-1;1++)

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

if (K[iI>KJj])
{  temp=K[j];

K[j]=K[j-1];
}

}

K[j-1]=temp ;

4.4. Bi€u dién gidi thudt

M0 ta gidi thuat v&i ddy khoa:

K: 6 8 5
n=3_
Trong bang mé ta cdc s6 mO la nhiing s6 da bi thay thé gid tri moi.
Day khoa K 0 4 9 3 7
Chi s0 (n=5) 0 1 2 3 4
Luot 1: i=0; 3 6 9 4 7
vaj=itl=1; i J j j ]
thuc lwot 1;
Day khéa K 3 6 9 4 7
Chi s6 (n=5) 0 1 2 3 4
Luot2: i=1; 3 4 9 6 7
va j=it1=2; i j i j
K[] = K[j]: | j=n-1: K&t
K[i] © K][j] | thuc lwegt 2;
Day khoa K 3 4 9 6 7
Chi s6 (n=5) 0 1 2 3 4
Luot 3: i=2; 3 4 6 9 7
va j=it+1=3; i J ]
K[i] > K[j]: | j=n-1: K&t
K[i] ©K]j] | thuc lwet 3;
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Day khéa K 3 4 6 9 7
Chi s6 (n=5) 0 1 2 3 4
Luot 4: i=3; 3 4 6 7 ?
va j=it1=4; i J
K[i] > K[j]:
K[i] & KI[j]

Két thic hrot 3
Day khoa K 3 4 6 7 9

da sap xép

5. Phuong phap sap x€p ndi bot (Bubble sort).
5.1. Y tudng gidi thuat Bubble sort.
Xuat phét t&r khéa culi day (Kn-1), So sdnh khéa nay vGi céc khéa dlng trudc,
néu gdp khéa 16n hon thi d6i chd 2 khéa nay cho nhau. Nhu véy trong 1Ugt
dau (i=0) khod c6 gid tri nhO nhat s& chuy€n 1én dinh. Pén 1uot th( hai (i=1)
kho4 c6 gid tri nhd th( hai s& dugc chuyén 1én vi tri th( hai, ... cho dén lugt
culi ciing (i=n-2). K&t thic ta dugc diy da sap x€p.
Néu hinh dung day khod dugc dat thang dimg thi sau tUng U0t sap x€p céc
gia tri khod nhO s€ “ nGi “ dan 1én giOng nhu cdc bot nuGc nbi 1én trong noi
nUdc dang sbi. Vi vAy phuong phédp ndy thuOng dugc gOi bang céi tén kha
dac trung 12 sdp x€p ki€u ndi bot (Buble sort).
5.2. Mo ta gidi thuat.
Input:
- K1a mOt diy khéa can sap x€p theo th(I tU ting dan
- nlasO6 lugng khéa trong diy K
- Céc khéa dugc danh so tir KO, K1,...Ki,...Kn-1
Process:
Lap lai cong viéc sau tUr khéa Ki (i=0) cho dén khéa sat cudi (Ki=n-2)
Lap lai cong viéc sau ti khéa Kj (j=n-1) cho dén hét day (Kj=i+1)
- So sanh Kj v6i Kj+1
- Néu Kj < Kj+1 thi Ho4n dGi gi4 tri cUa Kj va Kj+1 cho nhau
Output: K 12 ddy khéa da dugc sap x€p theo chiéu ting dan.
5.3. Cai d&t giai thuat.
void BubleSort (int K[ ],int n)
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{ int 1, j, temp;

for (i=0 ; i<n-1; 1++)

for (j=n-1 ;j<=i+1;j--)
if (K[j] < K[j-1])
temp=K[j]; K[j1=KI[j-1]; K[j-1]=temp ; }

}

{

5.4. Bi€u dién gidi thuat.

M0 ta gidi thuat v&i ddy khoa:

K: 6

n=2_8

4 9

3

8

Trong bang mé ta cdc sO mO la nhiing s6 da bi thay thé gid tri moi.

Day Chi 56 i wot 2
khéa K va j .
3 0 3
6 R
4 fi“ z 6 K[I=K[-1]: K[j]l<=K[-1]
0 i 7
7 -l | 49 K[j]<K[j-1]: K[jl=K[j-1]
Day Chi s6 i L wot 1
khoa K va j -
6 =0 [0 3
4 =ikl | 1 g K[I=K[-1]: K[j]l=K[-1]
9 T i % 4 K[j]<K[j-1]: K[jl=K[j-1]
3 ‘ i 319 K[i]1<K[j-1]: K[jl=K][j-1]
7 |imrf] 7
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Day Chi so i Lavot 3

AL ¥
EkKhioa K va j :
3 0 3
4 ! 4

6 i=2 | 2 6 S z A

Day da dugce sap xep
7 j=i+1 | 3 7
0 j=n-1 | 4 0
Nhan xét:

P06i v6i moOt gidi thuat, khi xét t&i hi€u 1uc cla né ngudi ta thuOng dua
vao hai tiéu chi chinh 1a: SU chi€m dung b0 nhG cla gidi thudt va dac biét 1a
thOi gian thuc hién cUa gidi thuadt. Tuy nhién, cdch ddnh gid thdi gian thuc
hién gidi thuat lai chU yéu dua vao phép toan tich cuc nhat cUa gidi thudt,
ma gidi thudt sap x€p 12 phép todn so sanh gid tri khéa, con phép todn chuyén
d6i vi tri ban ghi cho ding trat tu sap xEp lai it dugc dé cap dén, trén thuc
t€, thOi gian thuc hién gidi thudt sdp x€p ciing bi dnh hudng nhiu bdi tinh
trang diy khéa ban dau (n€u diy khéa c6 tinh trang ngudc vGi chiéu sdp x€p
thi s& tOn thOi gian hon rat nhiéu so véi day khéa c6 tinh trang gan gidng vGi
chi€u sap x€p).

Do d6, d€ danh gid thOi gian thuc hién gidi thudt sdp x€p, ngUdi ta sé&
danh gid d6 phUc tap tinh todn cla T(n) & cic truGng hgp xau nhat, tOt nhat
va trung binh.

NgUu0i ta di chUing minh dugc n€u chi dua vao két qud danh gid T(n) &
truOng hQp trung binh thi gidi thuat Insertion sort td ra hi€u qua hon 3 gidi
thuat kia. Tuy nhién, v&i n kh4 18n thi d0 phUc tap tinh todn cUa 4 gidi thuat
trén déu c6 cap O(n?).

6. Phuong phap sap x€p nhanh (Quick sort).

So v@i cdc gidi thudt sap x€p G trén, Quick sort 1a mOt gidi thudt kha tOt, ra
d0i nim 1960 bdi C.A.R Hoare nha khoa hQoc may tinh ngu0i Anh. Nhugc
di€m cla gidi thudt 1a phdi cai dat bang dé qui va dd phlc tap tinh todn G
trOng hgp xau nhdat 1a O(n?), nhung ngUdi ta di chUng minh dugc truOng
hQp trung binh 13 O(log2(n)) va ddc bi€t khi n kh4 16n Quick sort td ra hi€u
qud hon han cic gidi thudt trén.

6.1. Y tuGng gidi thudt Quick sort.
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Quick sort con dUQc goi vdi cdi tén sép x€p kiu phan doan (partition sort). Y
tUdng co ban cUa Quick sort 12 duta trén phép phén chia ddy khéa thanh hai day
con, muOn vay can c6 mOt khéa ddc biét 1am khda chOt. Sap x€p dugc thuc
hién bang cdch so sanh tlng khéa trong day vGi khéa chot va duge d6i vi tri
cho nhau hodc cho khéa chOt, d€ nhling khéa nhd hon khéa chOt dugc chuyén
vé truGc khéa chOt va nam trong phan doan th( nhat, cdc khéa 16n hon khéa
chOt dugc chuyén vé phia sau khéa chOt va thudc phan doan th(r hai. Khi viéc
d6i chd thuc hién xong thi diy khéa dugc chia thanh hai phan doan: MOt
doan gbm nhling khéa nhd hon hodc bang khéa chdt, mOt doan gdm nhlng
khéa 16n hon hodc bang khéa chét.
Ap dung kY thudt trén v&i mOi phan doan khi né dugc hinh thanh cho tGi khi
mOi doan chi con mOt phan t{ va ta thu dugc day khéa da sap x€p.
Ky thuat chon khéa chot ciing 1a mOt van dé khd quan trong cUa Quick

sort. C6 mOt sO cach chon khéa chOt nhu sau:

Chon khéa dau tién hodc khéa cudi cling cla diy khéa 1am khéa chot.

Chon khéa dUng gilra ddy 1am khéa chot.

Chon khéa trung vi trong 3 khéa: Pau tién, gilta va culi cting 1am khéa
chot.

MO0i cich chon khéa s& dan dé€n moOt gidi thudt cu thé khac nhau. Tuy
nhién, hiéu luc cla moOi gidi thudt con phu thubc vao tinh trang dit liéu cla
diy khéa ban dau.

Sau day ching ta s€ tim hi€u gidi thudt Quick sort vGi cich chon khéa
chOt 1a khéa dau tién cUa diy con cic truOng hgp khic ban doc tu tham khdo
coi nhu bai luy€n tap.

6.2. Mo t3 giai thuat.
Input:

- K1amo0t diy khéa gbm n ban ghi can sap x€p theo th(r tu ting dan

- Cac khoa dugc danh sO tir KO, K1,...Ki,...Kn-1

- left, right 14 hai bi€n Iuu chi s6 khéa dau va cudi cla mOt doan:

Khéi
dau left c6 gia tri bang 0, con right ¢ gid tri bang (n-1).
Process:
Budc 1: KhGi gan
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- Bién key chlra gid tri khéa chOt (khda dau tién cUa doan):
key=K[left];
- Hai bién chi s0 i, j dugc ding d€ 1ua chon khéa trong qud trinh
xUr
1y va con d€ ki€m soét chi s6 khéa dau tién vao chi sO khéa cudi cling
clla doan: Gan i= left; j=right;
Budc 2: Phan doan.

Cdc khéa trong ddy s& dugc so sanh v0i khéa chOt va sé dOi vi tri cho nhau,
cho chOt néu né nam khéng diing vi tri: MOi khéa nhG hon khéa chOt phdi
duoc xép 0 vi tri trudc chbt (ddu day) va moi khéa 10n hon khéa chbt phdi
duoc x€p O vi tri sau chOt (cubi day). Viéc dbi chO thuc hi€n song thi day
duQc phan thanh 2 doan.

Thuc hién 1ap 1ai cong vi€c sau cho dén khi (i>j)
- Ting chi s0 i cho t&i khi khéa K[i]>=key hodc i>right (i khong
duoc vuot qud chi s6 phdn tUf cubi cla doan).
- Gidm chi s0 j cho tdi khi khéa K[j] <=key hodc j<left (j khong
duoc vuot qud chi s6 phdn tf ddu cta doan).
- Néti<j thi'dGi vi tri K[i] = K][j]
- Tingi; gidm ]
Budc 3: Sap x€p doan trude
Néu (left < j) thi g0i ham QUICK_SORT(K, left, j);
Budc 4: Sap x€p doan sau
Néu (i< right) thi goi ham QUICK_SORT(K, i, right);
Output: K 1a diy khéa di dugc sap x€p theo chi€u ting dan
6.3. Cai d3t gidi thudt.
void QuickSort(int K[], int left, int right)
{int 1, ], key,temp;
key= K[left];
1 = left; j = right;
do
{
while ((K[i] < key) && (i <=right)) i++;
while (K[j] > key) && (j >=left)) j--:
ifi(i <=j)
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temp=K[i];k[i]=k[j]:k[j]=temp;

1++ 5 j--;

} while(i <=j);

if(left<j)

QuickSort(K, left, j);
if(i<right)

QuickSort(K, 1, right);

}

6.4. Bi€u dién gidi thuat.
M5 ta gidi thuat véi day khéa:

K:

n=>5

9 3 7

Trong bang mé ta cdc s6 mo la nhitng s6 da bi thay thé€ gid tri mOi.

Key=K[left]=06

Diy khoa K 6 4 LY 3 7
Chi s6 (n=5) -1 o 1 2 3 3
Luwot 1: 3 4 [+ 6 7
QuickSort(E. lefit right

lefr=0. right=n-1)} ' 3 ]

i=left; j=right: Klil=kev i=j: K[il<KIil: K[l<key Elil=key:
- _ S J--
) j i i

Ei]<kew: E[i]=kew:
i

El[jil=kew E[il=kew:
-

i>j: diy chia thanh 2 phin doan: left va j. 1 va right

| 3 | 4) [ o [ 6 [ 7
Key=K[left]=3
Diy khoa K 3 4) © I 7
Chi s& (n=5) 1 o I 7 3 3
Lugt 2: j<left: 3 4
QuickSort( K. left right
left=0. j=1) i i (i)
i=left; j=right KliJ=key K[j]=key:
(1) i K[ ]J=1~:ey: i d6i gia mi K[i] <K[G] i+ j—
=] 5 Diw chia thanh 2 phin doan:leftvaj;ivaright
| & | @ | | |
j khéng nhé hon left; 1 khéng nhd hon right =+khéa di dang vi i
| 3 |+ 6 [ & |7
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Eey=K[left]=9

Diy khéa K 3 4 [ 6 7

Chi sé (n=3) 1 g 1 z 3 3
Lot 3 i<right: 7 6 9
QuickSort( K. i=2. IEflt Righf
right=4) 1 ]
i=left; j=right K[il=key K[l<key

5 - Dol gia m K[i] SK[]: i j—

(1) (L)
Kli]=kev: Kli]=kev

1++

1=} - Div chia thanh 2 phin doan: left va j; i varight
7 | o | ®

i khéng nho hon right =:khoa i ding vi tri

Eevy=K[left]=7

Diy khéa K 3 4 7 6) 0
Chi s6 (n=5) -1 o 1 2 3 F)
Lot 4: j<left: 6 7 9
QuickSort{ K, left right
left=2,j=3) i j
i=left; j=right K[i]=kev K[j]<kev
i< : Dai gia wi K[i] <K[]: i++ j--;
(i) (i)
i=] : Didv chia thanh 2 phin doan: left vaj;i va right
| | | © [ @ |
jkhéngnhoé hon left; i khéng nhé hon right =+khda d¢3 duang vi i
Div khoéa K 43 sap xép | 3 ‘ 4 | 6 | 7 | 0

Bai todn sap x€p rat thong dung va déng vai tro quan trong trong thuc té
cubc sOng ciing nhu nhi€u Ung dung trong nganh cong nghé thong tin. Gidi
thudt sap x&p ciing rat phong phd, 1a chon mot gidi thudt phit hgp khi can
cling 1 di€u dang quan tam. Céc gidi thudt sap x€p don gidn G trén chi nén st
dung chiing khi n nhd, Quick sort hi€u quad hon khi n kh4 18n, nhung truOng
hop xdu nhat van c¢é dd phlc tap tinh todn 12 O(n?). C6 nhi€u gidi thudt sap
x€p khac nhu Heap sort, merge sort,...dd dat dugc hi€u qud cao, O(nlog,n) ca
khi n 16n va truOng hgp xdu nhdt, ban doc cé thé tim hi€u thém cic gidi
thudt nay d€ thdy dugc su phong phi cla né.

Sau day 12 hinh dnh minh hoa so sainh mét s6 gidi thudt sap x€p vdi cling
day khéa nhimg da c6 khac biét ding k€ vé thoi gian.

- V&in=30
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}’ Sorting Algorithm Demo |.,':' E <

0 Key Generatd Selection Sort « 13 2 Bubble Sort « 27 ps; N2 4

+| Selection Sort

~| Bubble Sort
Cocktail Sort

+| Insertion Sort
Shell Sort

| QuickSort
HeapSort

Merge Sort
Counting Sort
Bucket Sort

MSD Radix Sort IIl"”"“ "|"H|| “
LSD Radix Sort 1 Ll
PeT——— (| Insertion Sort « 8 ps; N2 1 QuickSort « 25 us; N2 3
02 (Columns)

MNormal Priority ~

32

,& sprint.

o y—

a Snapshot | |
Al Al

Insertion Sort c6 thGi gian it nhat, Bubble Sort c6 th¥i gian 16n nhat va
QuickSort ciing khong nhanh hon Bubble Sort may.
- Véi n=30000

}'— Sorting Algorithm Demo = | O] 2@_

a Key Generatd

V| Selection Sort
v| Bubble Sort
Cocktail Sort

Selection Sort @ 2,048,213 ps; N2 5| Bubble Sort ® 7,157,587 ps; N2 6
¥ Insertion Sort
Shell Sort

2 Dot .||II|||||||||| m ||II|||||| || ‘ ”“ m”

v HeaﬁSort . u
v g Insertion Sort » 1,311,434 ps; N2 4 QuickSort e 23,925 ps; N2 3
02 (Columns)

Counting Sort
[Nomaipriory ~|
O_[ma —— .|II|||||||||| ‘ |“| “ “ |||I|||||||||| HH w H m”

Bucket Sort
Race o . CL 5
HeapSort 13,933 ps; N2 2 Merge Sort e 5,733 ps; N2 1

MSD Radix Sort|
LSD Radix Sort

Sprint

1} Presentation
|||||||\|||”WH“ ||||||\||||H””“|
..|I|||I|||||| ..|I||||||||||

Khi n kha 16n Merge Sort va heapSort t® ra nhanh nhat, QuickSort dat
mUc trung binh, Insertion Sort dUng sau QuickSort, con Bubble Sort va

&in

Selection Sort 12 chdm nhat.
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3)

CAU HOI VA BAI TAP CUOI CHUONG 4

Viét chuong trinh thuc hién cong viéc sau:

Vi€t ham tao ngdu nhién mOt diy sO nguyén khodng 100 sO (gOm céc
sO nguyén tU 1 dén 100.

Viét ham hi€n day sO ra man hinh.

Vi€t 5 ham sap x€p theo 5 gidi thudt khic nhau theo chi€u gidm dan
cUa day s0.

Vi€t ham menu va ham main cho phép chon 1ua thuc hi€n cic cong viéc
cho t&i khi mu6n két thiic.

BG sung phan tinh thi gian thuc hién cho mOi gidi thudt d€ danh gi4,
so sdnh, chay lai chuong trinh v&i cdc ddy khéa khi n=20; n=200 va
n=2000.

Vi€t chuong trinh thuc hién cdng viéc sau:

Vi€t ham tao mOt mdng chlfa danh sich ho tén sinh vién cla mOt 18p,
mOi sinh vién gbm 2 truOng 12 ho dém va tén.

Viét ham hién danh sdch hO tén sinh vién ra man hinh (m6i ho tén trén
mOt dong).

Vi€t 5 ham sdp x€p theo 5 gidi thudt khac nhau theo chi€u tUr di€n cla
tén sinh vién.

Vi€t hAm menu va ham main cho phép chon 1ua thuc hién céc cong vi€c
cho tGi khi muOn két thic.

Vi€t chuong trinh thuc hién cong viéc sau:

Vi€t ham tao ngdu nhién mot diy sO nguyén khodng 50 sO (gbm céc sO
nguyén tUr 1 dén 100.

Vi€t ham hi€n day sO ra man hinh.

Vi€t ham sap x&p bang gidi thudt QuickSort v&i khéa chét 1a phan tlr
dau tién cla day.

Vi€t ham sap x€p bang gidi thudt QuickSort vGi khéa cht 1a phan tlr
cudi cing cUa day, theo chi€u ting dan cla diy s0.

Vi€t ham sap x€p bang gidi thuat QuickSort v&i khéa chot 13 phén tir &
gilra ddy, theo chi€u ting dan cUa diy sO.

Vi€t ham sdp x€p bang gidi thudt QuickSort v&i khéa chét 1a phan tlr
trung vi trong 3 khéa: Pau tién, gilta va cudi cling 1am khéa choOt, theo
chi€u ting dan cla day s0.
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g. Vi€t ham menu va ham main cho phép chon Iua thuc hién cic cong viéc

cho t&i khi mudn két thic.
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CHUONG 5

TIM KIEM
Muc tiéu:
- Hiéu dugc gidi thudt, cai dat dugc gidi thudt va danh gid dugc do
phUc

tap cUa gidi thudt tim ki€m tuy€n tinh, tim ki€m nhi phan.
- SU dung gidi thudt tim ki€m tuyé€n tinh, tim ki€m nhi phan phit hgp
vOi
yéu cau cUa bai todn trong thuc té.

1. Bai toan tim ki€m
Nhu cau tim ki€m thudng xuyén xdy ra trong thuc t€ cudc sOng ciing nhu
trong xU 1y tin hoc. Bai todn tim ki€m tOng quat 1a im mOt ban ghi c6 gi4 tri
trudng khéa bang X cho trude trong mOt bang gdm n ban ghi.
Viéc tim ki€m dugc thuc hién bang cich so sinh X (khéa tim ki€m) v6i gid
tri cUa truOng khéa. Gidi thudt s€ hoan thanh khi c6 mOt trong hai tinh huOng
sau xay ra:

- Tim th8y: Tim dudgc ban ghi c6 gi4 tri khéa tuong Ung bang X.

- Khong tim thay: Khong tim dugc ban ghi c¢6 gid tri khéa tuong Ung

bang
X.

Khiéc vGi sap x€p, khéa tim ki€m dugc coi nhu 1a ddc diém nhén dang cla
mOi ban ghi. PE gitip 1am don gidn ta tam coi cdc gidi thudt tim ki€m dugc
thuc hién trén mOt badng gdm n ban ghi chi cé6 mOt trudng khéa va dé 1a
truOng duy nhat, con gid tri khéa la céc sO nguyén.
Céc gidi thuat tim ki€ém dugc xét trong chuong nay 1a 2 gidi thuat thong
dung: Tim ki€m tuan tyU va tim ki€m nhi phan va dugc thuc hién & b0 nhé
trong (tim ki€m trong).
2. Tim ki€m tuyé@n tinh
2.1. Y tuéng gidi thuat
La kY thuat tim ki€m rat don gidn va c¢O di€n. NOi dung c6 th€ tém tat nhu

sau:
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Bat dau tUr ban ghi th( nhat, 18n 1Ugt so sanh khéa tim ki€ém vGi khéa tuong
Ung cla cdc ban ghi trong bang, cho t&i khi tim dugc ban ghi mong mudn
hodc da hét bang ma chua thdy.
2.2. M0 ta gidi thuat.
Input:
- K 1a mot diy khéa gOm n ban ghi
- Céc khéa dugc danh so tur Ko, K1,...Ki,...Kn-1
- X 1a khéa tim ki€m
Process:
Budc 1: KhGi gan
- BG sung khéa X vao culi diy khoéa (d€ cong viéc tim ki€m ludn
thay X)
- Khdi gan gid tri 0 cho bién chi s0 i
Budc 2: Tim khoa X trong diy khéa K
Lap lai cong vi€c sau cho dén khi tim thay X
So sanh khéa X véi tUng khéa Ki
Budc 3: Xét truOng hgp tim thdy hodc khong tim thay
Neéu i<n thi return (i)
Ngudc lai thi return(-1)
Output: i1a chi sO cUa khéa c6 gid tri truing v&i X, hodc -1 n€u khong tim
thay X
2.3. Cai d&t gidi thuat,
int Sequen-Search(int K[], int n, int X)

{ int 1=0;
K[n]=X;
While (X !=K[i])
1++;
if (i<n) return (1);
else return (-1);
}

2.4. Bi€u dién gidi thuat.
MO ta gidi thuat v&i diy khoa:
K: 6 4 9 3 8 2 7 5

n = 8; tim kiém vdi x=2 va x =1
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Tim v&i x=2 [ BO sung K[n]=x;

1)
C‘
Klil=
X;
K[i] # x; ting I cho t&i khi return
B K[i]=x; (i=5):
Tim
thay
Tim vGi x=1 [ B6 sung K[n]=x;
1)
(‘
B
K[i] # x; tdng i cho tGi khi K[i]=x;
Vi i=n [ return (-1): Khong tim thay

3. Tim ki€m nhi phan.
3.1. Y tuBng gidi thudt.
Tuong tu nhu cach thlc ta da 1am khi tra tim sO dién thoai clla mOt cO quan,
trong bang danh muc dién thoai hay khi ta tim mot tU trong tu di€n. Gidi
thudt tim ki€m nhi phan 12 ludn chon khéa "& gilta" diy khéa dang xét d€ thuc
hién so sdnh v&i khéa tim ki€m. Tim ki€m s& dUng n€u khdéa tim ki€m bang
khéa & gilra day, tim ki€m 13ap 1ai tuong tu v&i nla truGe (bén trdi) n€u khéa
tim ki€m nhd hon khéa G gilta day, ciing 1ap 1ai tuong tu v&i nlra sau (bén
phdi) n€u khéa tim ki€m 16n hon khéa & gilta. Qu4 trinh tim ki€m dugc ti€p
tUc cho t@i khi tim thdy khéa mong muOn hodc diy khéa xét d6 trd nén rOng
(khong thay).
NhU vy, di€u kién d€ c6 thé thuc hién dugc gidi thuat tim ki€m nhj phan 12
diy khéa phai dugc sap x€p ting dan (hodc gidm dan) vGi sO va th(r tu tur
di€n d6i vdi chubi ky tu.
3.2. M0 ta gidi thuat.

Input:

- K12 mOt ddy khéa gdbm n ban ghi da dugc sap xEp theo thif tu ting
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dan.
- Céc khéa dugc danh so tur Ko, K1,...Ki,...Kn-1.
- Xlakhoéa tim ki€m.
Process:
Budc 1: Khdi gén.
- Khéi gin gid tri 0 cho bi€n chi sO left.
- Khdi gan gid tri n-1 cho bi€n chi s0 right.
Budc 2: Tim khoa X trong day khéa K.
- Lap lai cong viéc sau cho d€n khi left > right.
+ Khdi gan gia tri nguyén cUa (left +right)/2 cho bi€n chi sO mid.
e Néu X = Kmid thi return (mid).
* N€u X < Kmid thi tim & ddy trudc (right =mid-1).
e Néu X >Kmid thi tim & diy sau (left= mid +1).
- NE€u khong tim thay (left > right) thi return(-1).
Output: mid 1a chi s6 cla khéa c6 gid tri tring v&i X, hodc -1 n€u khong
tim thay X.
3.3. Cai dat gidi thuat.
int BinarySearch (int K[], int n, int X)
{ int mid; left=0; right=n-1;
dof
mid=(left+right)/2;
if (X==K[mid]) return (mid);
else
if (X< K[mid]) right=mid-1;
else left=mid+1;
} while(left<=right);
return -1;
}
3.4. Bi€u dién gidi thuat.
M0 ta gidi thuat v&i day khoa:
K: 6 4 9 3 8 2 7 5

n=8; tim kiém véi x=2 ; x =1 va x=12

Tim v&i x=2

116



left

mid=(left+right)/2

X< K[mid]:

right=mid-1

mid=(left+right)/2

x< K[mid]: right=mid-1

mid=(left+right)/2

K[mid]=x = return (mid): Tim thay x
Tim v@i x=1
2
3.10. | left
mid=(left+rig x< K[mid]:
ht)/2 right=mid-1
mid=(left+right)/2
x< K[mid]: right=mid-1
Mid=(left+right)/2
x< K[mid]: right=mid-1
right< left [return (-1): khong tim thay x
Tim v@i x=12
3.11. 2
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3.12. | left

mid=(left+rig
ht)/2
x> K[mid]:

left=mid+1
mid=(left+right)/2

x> K[mid]: left=mid+1

I mid=(left+right)/2

R x> K[mid]: left=mid+1

mid=(left+right)/2

x> K[mid]: left=mid+1

left >right Ireturn (-1): khong tim thay x

Nhan xét:

Chiing ta dé dang nhan thdy dd phlc tap tinh toan cla gidi thudt tim
ki€m tudn tu 13 O(n) va ngu0i ta ciing chUing minh dugc d0 phUc tap tinh
toan cUa gidi thudt tim ki€m nhi phan 13 O(log,n). RS rang ki€m nhi phan té
ra tOi Uu hon tim ki€m tudn tu. Nhung ki€m nhi phan lai doi hdi diy khoéa
phai dugc sap x€p roi, do d6, ciing can phadi k€ dén dd phlc tap tinh toin
cUa gidi thudt sap x€p nlra, day ciing 12 nhuge di€m cla tim ki€m nhj phan.
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CAU HOI VA BAI TAP CUOI CHUONG 5

Vi€t chuong trinh thuc hién cdng viéc sau:
Vi€t ham tao ngdu nhién mOt diy sO nguyén khodng 100 sO (gOm céc
sO nguyén tU 1 dén 100.
Viét ham hi€n day sO ra man hinh.
Vi€t ham tim ki€m theo gidi thudt tim ki€m tuan tu v&i x (12 mot sO)
dugc nhap tU ban phim. N€u tim thdy dua ra thong bdo vi trf clUa phan
t0 trin v&i x, ngudc 1ai dua ra thong bdo khdng tim thay.
Vi€t ham tim ki€m theo gidi thuat tim ki€m nhi phan v&i x (12 mOt sO)
dugc nhap tU ban phim. N€u tim thdy dua ra thong bdo vi tri cUa phan
t(r tring vGi x, ngude 1ai dua ra thong bao khong tim thdy (véu cdu sdp
x€p day sO ting dan trudc khi thuc hién tim kiém).
Vi€t hAm menu va ham main cho phép chon 1ua thuc hi€n cdc cong viéc
cho t&i khi muOn két thic.

Vi€t chuong trinh thuc hi€n cong viéc sau:
Viét ham tao mOt mang chla danh sich ho tén sinh vién cla mot 18p,
mOi sinh vién gbm 2 truOng 12 ho dém va tén.
Viét ham hién danh sich hO tén sinh vién ra man hinh (m6i ho tén trén
mOt dong)
Vi€t ham tim ki€m theo gidi thudt tim ki€m tudn tu véi x (1a mot tén
sinh vién) dugc nhap tU ban phim. N€u tim thdy dua ra thong bdo vi tri
cUa phan tl tring v&i x, ngudc 1ai dua ra thong bao khdng tim thay.
Viét ham tim ki€m theo gidi thudt tim ki€m nhi phan vGi x (14 mOt tén
sinh vién ) dugc nhdp tU ban phim. N€u tim thdy dua ra thong bdo vi tri
cUa phan tU tring v&i x, ngudc 1ai dua ra thong bdo khong tim thdy
(yéu cau sdp xép theo thir tu tr dién cUa trudng khoa tén sinh vién
truGc khi thuc hién tim kiém).
Vi€t hAm menu va ham main cho phép chon lua thuc hién céc cong viéc

cho tdi khi mudn két thic.
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CHUONG 6
CAY

Muc tiéu:
- Trinh bay dugc khii ni€ém vé ciy, ciy nhi phan;
- Cai dat dugc ciy trén mdy tinh bang cdc cdu tric mang va cau
tric
danh séch lién két;
- Gidi dugc bai todn duyét cay nhi phan.

1. Khai niém vé cay

1.1. Khdi niém cay

Cay 1a mOt cau tric phi tuy&n . MOt cay 12 mOt tap hop h(tu han céc niit trong
dé c6 mOt niit dac biét goi 1a gbc (Root). Gilta céc nit c6 mOi quan hé phan
cap g0i la “quan hé cha con” .

SR

Hinh 6.1: Cdy téng qudt
C6 thé€ dinh nghia cady mOt cach dé quy nhu sau:

MOt nit 1a mOt cay. Nt d6 ciing 13 gbc cUa
cly dé.

NéEu n 12 mOt ndt va T1,T2,....., Tk 12 cdc
cy . V&i n,,n,,....,n, 1an 1Uot 1a cdc gbc thi
cdy mGi T s& dugc tao 1&p bang cich cho
n tr®@ thanh “cha “ cUa céc nit n,,n,,....,Ny.
Nghia 12 trén cdy m&i nay n 1a gbc con
T1,T2,...,Tk 12 cdc cAy con cla gOc, lic d6
N,,Na,....,Nx 12 con cUa nt n.

D€ tién, ngUdi ta cho phép mdt ciy khong
¢6 nidt nao, ma ta goi 1a ciy rOng (null tree).



Hinh 6.2: Dinh nghia cdy nhi phdn
1.2. MOt sO khdi niém cUa ciy
- Cap (degree): SO cic con cUa mOt niit goi 14 cap cla nit d6
(hinh 6.1: A ¢6 3 con 1a cép 3).
0 Nt c6 cap béng khong (nut khong c6 con) gOi la 14 (Leaf)
(hinh 6.1: E,F.C... 13 1)
0 Cap cao nhat cla nit c6 trén cdy thi goi 1a cap cla cay.
(hinh 6.1: C&p 14 3).
- M (Level): GOc cUa cay c6 sO mUc 1a mOt.
NE&u niit cha c6 sO mUc 1a i thi nit con ¢6 sO mUc 12 i+1 (hinh 6.1: A ¢6
mUc1a 1, D céd mUc a2, G cé6 mUc 1a 3,...).
- Chiéu cao (Hight) hay chiéu sdu (Depth) cUa mOt cay 1a s6 mUc 16n
nhat
cUa nit c6 trén cAy d6. (hinh 6.1: ¢6 s& mUc cao nhat 12 4 nén
ciy c6 chiu cao ciing 12 4).
- PuOng di (Path): Néu ta c6 mOt day c4c niit n1,n2,...,nk trén ciy va thoa
man ni 1a cha cUa ni+1 thi ddy d6 duQc goi 1a duOng di trén ciy
dé. PO dai cUa duong di (path length): La sO nit trén duGng di
trt di mot.
- NE&u th(r tu cic ciy con cla mOt niit dUQc coi trong thi ciy dang xét 1a
cay
c6 th(r tu (ordered tree), ngugc 1ai 1a ciy khong c6 th( tu
(Unordered tree), ThuOng th(F tu' c4c ciy con cUa mOt nit dugc
dat tu trai sang phai.
- Né&u c6 mOt tap hltu han cdc ciy phan biét thi ta g0i tap dé 1a mot
rumng
(forest) (chi y : Khai niém vé rU’n day phdi hi€u theo nghia
riéng: C6 mOt ciy, n€u ta bo niit £0c di trg€ c6 mOt ring).
2

‘La mOt dang quan trong G
2.cla cau tric cy. n @

Pac dim 12 moi nit trén y /

cay chi c6 t0i da 1a hai con. @ ﬁ @

PGi vbi cay con clla mOt

nit ngUOi ta cling phan 0 &

biét cay con tréi va ciy con

phai.

Cay nhi phan dudc goi 1a Hinh 6.3: Cay nhl phén



2.2. MOt s0 tinh chat clla cAy nhi phan
- Cé4c dac di€ém néu G muc 1.2 ciing diing v&i ciy nhi phan
- SO lugng tdi da cdc nit & mUc i trén mOt cay nhi phan 1a 20V, (i>=1)
- SO lugng tdi da cdc nit trén mOt ciy nhi phan ¢ chi€u cao h 1a: 2" — 1
(h>=1)
- MOt s6 dang dac biét cla ciy nhi phan

Cay zic zac
A a) A b 9
Cay 1éch tréi Cﬁy 1&ch phai &

(s) B (&) 0

®) E

f) Cay nhj phan day du

f
e
Cay nhi phan hoan chinh o

Hinh 6.4: Cay nhi phin dac biét

0 Cay nhi phan hoan chinh: Céc nit Ung vGi cdc mUc trlr mUc cuOi
cling dat t0i da (e, f 12 cAy nhi phan hoan chinh).

0 Cay nhi phan hoan chinh c6 chi€u cao nhd nhat.

0 Cay nhi phan suy bién (a, b, ¢, d) c¢6 chiu cao 16n nhat.
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2.3. Bi€u dién ciy nhj phan.
2.3.1. Luu tr{f cdy bang véc to ké ti€p (Iuu tr(r k€ ti€p):
Dung mOt véctd 1uu trlf V gOm MaxSize phan tU nhé k€ ti€p d€ luu trlf cic

nut trén cay.

Vg Vy Vs, Viaxsize -1

Hinh 6.5: Véc to'luu trir cay nhi phéan

a. Nguyén tac luu tr(r

- Cha c6 sO th(r tur1a i thi con c¢6 sO th(r tur1a 2i va 2i+1

- Con c6 sO th(r tu 12 j thi cha c6 sO th( tu 12 j/2 (1dy s6 nguyén
dudi)

- Quan hé cha con dugc xdc dinh qua sO th( tU nay.

- Duing véc to V d€ 1uu trif cdc niit trén cAy theo nguyén tac nit th(¥
1

cla cay dudc luu trf bdi véc to VI[i].

++ Xét mOt ciy nhi phan hoan chinh 0
day d0: Panh sO th( tu cho cic /
ntt trén cdy theo trinh tu 1an 1ugt /

t0 mUc 1 trd 1én, hét mUc nay @)l (/(‘:\‘2
dén mUc khic va trong mOi mUc / . 7 \\ / \/\
4 \$

thi tU trdi sang phdi ABCDEFG-

7 \3 5
0123456 (Do) <:E> G) @

Hinh 6.6: Cdy nhi day du

Nt 0 dugc Iuu trlt bdi phan tl VO, niit 1 dugc Iuu trt béi phan tir V1

A B 3 D E F

V(0] V(1] V(2] V(3] V(4] V9] V(6]

Hinh 6.7: Luru trit ké tiép vOi cdy nhi phin ddy du

% Xét mOt cay nhi phan hoan chinh khong day du
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Hinh 6.8: Cdy nhi phdn hoan chinh khong da@y du

Véc ta luu trr tuong Ung:
A B » D E F G H

V1] V2] V[3] V] V5] VB V[7) VI8 .. .. .N[12] V[13] V[14] V[15]

Hinh 6.9: Luru trir ké tiép vOi cdy nhi phin hoan chinh

Nhan xét:
- Uu diém:
e V@i cdch luu tr(t ndy quan hé cha con hoan toan duQc xé4c dinh thong
qua chi s6 cla véc ta 1uu trr.
* V&i cdy nhi phan day du thi cach 1uu tr(r nay kha thudn 10i
 Truy nhap truc ti€p vio nit cla cAy thdng qua chi sO phan tlr
- Nhugc diém:
 VGi cay nhi phan khong day dU va nhat 13 cdc cy nhi phan suy bién
thi gy ra lang phi b0 nh& vi xudt hién rat nhi€u nit rOng.
« NE&u ciy ludn bi€n dOng (thuOng xuyén cé phép bl sung, loai bd
tac
d0ng thi cach Iuu tr(f nay cang th€ hién nhi€u nhugc di€m).
Nhu vay, thudng chi diing cach 1uu trr k€ ti€p d6i v&i cay nhi phan day du
hodc hoan chinh.
b. Khai bdo cdu tric.
DE cai dat ciy nhi phan tGng quét bang véc to 1uu trit k€ ti€p, ta ding
mOt mang cic nit c6 dO dai t0i da 13 MaxSize phan t. M6i nit cUa ciy dugc
bi€u di€én bang mOt ban ghi gOm 3 truOng. Trudng th( nhat info ki€u Item

(Item c6 th€ 1a cic ki€u d{f liéu don gidn hodc ki€u df 1iéu c6 cau tric),
124




truOng th( hai, th( ba 12 Lchild va Rchild chta chi sO cUa nit con trdi va nit
con phai.
Khai bdo cdu tric cUa danh sich bang mang:
const int MaxSize=100
typedef struct node
{ Item info;
int Lchild, Rchild;
b
node tree[MaxSize];
2.3.2. Luu tr(r cdy bang danh sich lién két:
PE khac phuc nhugc di€ém cla luu tr(r k€ ti€p, ngudi ta thudng dung danh
sdch lién k€t d€ 1uu trlt v&i cay nhj phan.
a. Nguyén tac luu tr(r
- Chi Iuu tr(r nhitng nit tOn tai trén cay
- Vi cach luu trlt méc n6i s& khac phuc dugc nhuge di€m néu
trén va vUa phdn dnh dugc ddng tu nhién cUa cay.
- Dung mOt con trd T ludn trd vao nit gOc cla ciy d€ gitip ta truy
nhdp vao cay. Khi cdy rOng T=NULL
- Quy céch:

Lchild info Rchild

Hinh 6.10: Luu trit moOt niit trén cdy nhi phan

0 TruOng info: Luu tr{r c4c thong tin tuong Ung trén ciy
0 Trudng Lchild: Tro t&i ciy con trdi tuOng Ung cUa niit
0 TruOng Rchild: Tro t&i cay con phdi tuong Ung cUa niit
% Gid thi€t ta c6 mOt ciy nhi phan hoan chinh nhu hinh 6.8
Hinh dnh Iuu tr(f méc noi
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dugc bi€u dién bang mOt ban ghi gdm 3 trudng. Trudng th( nhat info ki€u
ElementType (ElementType c6 thé€ 1a cic ki€u d{t li€u don gidn hodc ki€u dr
liéu c6 cdu triic), truOng th( hai, th( ba 1a Lchild va Rchild c6 ki€u d{f liéu

con trd node ch(ra dia chi cUa niit con trdi va nit con phai.

-

Hinh 6.11: Lutu trit méc n6i v6i cdy nhi phén hinh 6.9

Nhan xét:

Uu diém: DG tOn bd nhé

- Nhugc di€ém: Truy nhdp tuan tu bat dau tU nit cha tdi cic nit con

b. Khai bdo cau tric

Cai dat cdy nhi phan tOng quit bang danh sich lién két, moi niit cla cay

Dac biét can c6 thém con trd T d€ ludn chlra dia chi nit gbe cla ciy. T

bang NULL khi cay rOng.

3.

Khai b4o cdu triic cUa cdy bang danh sach lién két:

struct node

{ ElementType info;

node *child;

node *Rchild;
b
typedef struct node* TreeNode;
TreeNode T;

Ciac phép duy@t cay nhi phan.
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Phép x(r Iy moi nit cla ciy theo mOt th(r tu nio d6 duodc goi 1a phép duyét
ciy. Thong thuOng c6 3 phép duyét cay:

- Duyét cay theo th( tu trudc.

- Duyét cay theo th( tu gi(ra.

- Duyét ciy theo th( tuU sau.
O mbi phép duyét cay ta phai thim 1&n 1UQt cédc nt sao cho mdi niit chi dudc
thim mOt 1an. Gid s vGi c¢6 ciy nhi phan sau ta s& c¢6 diy cdc niit khdc nhau

tuong Ung vOi tUng phép duyét ciy.

0

VAN
VAONW.ON

O B0 O
OOENO

Hinh 6.12: Cay nhi phén hoan chinh

3.1. Duyét cay theo th( tu trudc (Preorder traversal).
3.1.1. Phép duyét.
Phép duyét duoc thuc hién bang viéc thim gbc trudc tién, cu thé€ theo céc
th( tU sau:
- Thim gOc.
- Duyét cdy con trdi theo th(r tu truGc.
- Duyét cay con phai theo th(r tu truc.
3.1.2. Gidi thuat:
V@i cau triic ciy nhi phan cai dat bang danh sach lién két nhu sau:
typedef char ElementType;
struct node
{ ElementType info;
node *Lchild;
node *Rchild;
b
typedef struct node* TreeNode;
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TreeNode T;
Gidi thuat PreOrder dugc cai dat dé qui nhU sau:
// Tham s6 hinh thUc T la mOt con trO chla dia chi nit gbc cUa cdy
void PreOrder (TreeNode T)
{if (T '=NULL)
{ printf(“% ¢”, T->info); //in ra man hinh gid tri tru0ng info
PreOrder (T-> Lchild)
PreOrder (T-> Rchild)

}
}
Dy cdc nit cUa cay nhi phan hinh 6.12 tuong Ung v&i phép duyét ciy theo
th( tu trude 1a: ABDEHICFG].
3.2. Duyét cay theo th(r tu giCta (Inorder traversal).
3.2.1. Phép duyét.
Phép duyét dudc thuc hién bang vi€c thim gOc sau khi di thim hét cdc nit
cUa ciy con trai, cU thé nhu sau:
- Duyét cly con trai theo th(r tu gi(ra.
- Thim gOc.
- Duyét cay con phai theo th( tu gi(ra.
3.2.1. Giai thuat:
Gidi thuat dé qui cUa InOrder duQc cai tOng tU nhu sau:
// Tham s hinh thUc T la mOt con trG chla dia chi niit g6c cUa cdy
void InOrder (TreeNode T)
{if (T I= NULL)
{ InOrder (T-> Lchild)
printf(“% ¢”, T->info); //in ra man hinh gid tri truOng info
InOrder (T-> Rchild)
}
}
Diy céc niit cUa ciy nhi phan hinh 6.12 tuong Ung v6i phép duyét cay theo th(r
tu gilra 1a: DBHEIAFCG].
3.3. Duyét cay theo th( tu sau (Postorder traversal).
3.3.1. Phép duyét.
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Phép duyét dugc thuc hién bang viéc thim gOc sau ciing, khi da thim hét cic
niit cUa cly con trai va cdc nut cUa cAy con phai theo th( tU sau:

- Duyét cly con trai theo th( tU sau.

- Duyét ciy con phdi theo th(I tu sau.

- Thim gbc.
3.3.1. Gidi thuat:
Gidi thuat dé qui cUa PostOrder dugc cai tUOng tU nhU sau:
// Tham s6 hinh thUc T la mOt con trG chUa dia chi niit gbc cUa cdy
void PostOrder (TreeNode T)
{if (T = NULL)

{ PostOrder (T-> Lchild)
PostOrder (T-> Rchild)
printf(“% ¢”, T->info); //in ra man hinh gid tri trudng info
}
}
Diy cdc nit cUa cay nhi phan hinh 6.12 tuong Ung vGi phép duyét ciy theo th(r
tu sau la: DHIEBFJGCA
Cac phép duyét cay dugc cai dat kha dé dang bang gidi thuat dé qui vi né
phan 4nh ding dang cic dinh nghia cla phép duyét cdy. Phép thim moi nit G
day 12 hié€n thi gi4 tri truOng info cUa nit dé.
3.4. Vidu ép dung.
SU dung cdu tric cay nhi phan d€ 1uu tr(f mOt bi€u thlc s hoc, vGi qui dinh
1a cdc nit cha ch(a todn tU con céc nit 14 chlra toan hang.
Gid sU ta c6 bi€u thufc:
((5 +7)* (6 —4))
(3-8)

Cay nhi phan tuon ; @

7

A Do &

(s) (s) (4)



Hinh 6.13 : Cdy nhi phan biéu dién biéu thitc s6 hoc

Tuong Ung vGi cic phép duyét cay ta c6 cic bi€u thlc sO hoc theo cic dang
ky phap Ba Lan:
- Duyét ciy theo th( tu trudc (dang tién td): / * +57-64-3 8
- Duyét cy theo th(r tu gilta (dang trung t0): 5+ 7 *6—-4/3-8
- Duyét ciy theo th( tU' sau (dang hdu t0): 57 +64-*3 8-/
Céc bi€u thc dang ky phap Ba Lan do nha logic to4n Jan Lukasiewicz ngudi
Ba Lan dé xuat khadng nim 1920. Ky phap Ba Lan 12 m6t cich viét mot
bi€u thlrc dai s6 rat thudn 10i cho vi€c thuc hién cic phép todn. V€ ly thuyét,
ky phap dang tién t0 va ky phap dang hdu td c6 th€ thuc hién cic phép toan
theo th(f tU tU trdi sang phdi ma khong phdi dung t&i ddu ngodc d€ th€ hién
d0 uu tién cac phép todn, con ky phdp dang trung tO thi khong thé.
Th( tu cdc phép todn trong cdc bi€u thlc dang ky phap Ba Lan tuong Ung véi
céc phép duyét cdy hinh 6.13 nhU sau:
- Biéu thlrc dang tié€n tO thi ddu todn tU trudc hai todn hang. Th{ tu cac
phép
toan dugc thuc hién la:
Bat dau tU trai sang phai ta gdp phép toan: + 5 7 (18y 5+7=12)
Ti€p d€n phép todn: - 6 4 (18y 6 — 4=2)
ROi dén phép todn: * 122 (1ay 12 * 2 = 24)
Ti€p theo d€n phép todn: - 3 8 (1ay 3 — 8 =-5)
Cu0i cing 12 phép toan: 24 -5 / (1ay 24/-5= -4.8)
- Bi€u thlic dang hdu t0 thi ddu todn t 3 sau hai todn hang. Th( tu cdc
phép toan dugc thuc hién tU trdi sang phdi nhu sau:
DPau tién 1a phép todn: 5 7 + (1ay 5+7 =12).
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Ti€p d€n phép todn: 6 4 — (1ay 6-4 = 2).
R6i dén phép todn 12 2 * (18y 12 * 2=24).
Tiép theo 13 phép todn 3 8 — 18y 3 — 8 = -5),
CuO0i ciing 12 phép todn 24 -5/ (1ay 24/-5= -4.8).
Bi€u thlc dang trung t6 thi ddu toan t G gilra hai todn hang. Th{ tu cic
phép todn dugc thuc hién la:
5+7*%6-4/3-8
Pau tién 1a phép todn: 5+7 =12.
Ti€p theo 1a phép todn: 12%6 =72.
ROi dén phép todn: 72-4= 68.
Ti€p dén phép todn: 68/3 =22.7.
Cu0i cling 13 phép todn: 22.7 -8 =14.7.
Nhan xét:
- Biéu thlc dang trung t6 cho két qua sai vi theo nguyén tac 12 todn t{r
o}
gilta hai toan hang, do dé moi khi thdy mOt toan t(r & gilra hai
todn hang 12 mOt phép todn dugc thuc hién (can phdi cé cic
dau ngodc tron d€ thay d6i th( tU cac phép todn nhu ching ta
van quen ding).
- Biéu thlc dang tién td va hdu td khong can phdi cé cdp ngodc tron
van

thuc hién ding bi€u thlc.
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1)
2)

3)

4)

CAU HOI VA BAI TAP CUOI CHUONG 6

Haiy trinh bay dinh nghia dé qui cUa cdu tric d{t li€u cay.

Hiy néu nhitng tinh chat cla cdu tric d{ liéu ciy tOng quét va cay nhi
phan

Hiy trinh bay hai céch bi€u dién ciy nhi phan 1 luu trlf k€ ti€p va luu
trlr béng danh sdch lién k&t? So sanh Uu, nhugc diém cUa hai céch biéu
dién nay va cho vi du minh hoQa.

Cho cdy hinh 6.14 sau:

e % %

S)

S

g ©°

=@ oo

(S

Hinh 6.14 : Céy tOng quidt

Hay liét ké cac nit 14

Hay liét ké cdc nit nhdnh

Cha cUa nit J 1a nit nao ?

Con cUa nit E 12 nit nao?

MuUc cUa K, clla M 14 bao nhiéu?

Cap cla ciy la bao nhiéu?

Chi€u cao cla cay 12 bao nhiéu?

P06 dai duGng di tUr A tGi F, Q, S 1a bao nhiéu?

C6 bao nhiéu duOng di c6 d0 dai 3 trén cay nay?
V& ciy nhi phan bi€u dién céc bi€u thlc sau va viét chiing dudi dang tién t0,
hdu t0:
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2

y ax
a. ax—?*dx+by2_z
z 2x+3

> R
c. (a+b)+cx(d+e)—f=(g—h)
d. (a—bxc)

(4+7)
e. a

+d*e—ax*c

(b *c)

6) Cho ciy nhi phan hinh 6.15 sau:

(®)
(w (1) O

(o) O
Hinh 6.15 : Cdy nhi phén

Hiy viét ra cdc nit khi duyét cdy theo th(r tu trudc.

S

Hiy viét ra cdc nit khi duyét cdy theo th(r tu gi(ra.

Haiy vi€t ra cdc nit khi duy@t cay theo th( tu sau.

& o

Hiy minh hoa b nh& khi thuc hién luu trit k€ ti€p véi ciy nay.
e. Hiy minh hoa bd nh& khi thuc hién luu trlf bang danh sach lién két v&i ciy
nay.

7) Vi€t chuong trinh d€ tinh gid tri cUa bi€u thlc khi cho bi€u thic tién td
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8)

ChUng minh rang: N€u biét bi€u thlc duyét tién td va trung t6 cla mOt cay
nhi phan thi ta dung dugc ciy nay. Di€u d6 ding nita khong? Khi biét bi€u
thUc duyét:

a. Tién td va hdu 0.

b. Trung t6 va hau to.
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CHUONG 7
po THI

Muc tiéu:
- Hiéu dudgc khai niém vé do thi;
- Cai dat dugc do thi trén mdy tinh bang cdc cdu tric mang va cadu
trdc danh séch lién két;
- Thuc hi€én dugc cic phép duyét do thi.

1. Khai niém vé do thi
1.1. Dinh nghia
MOt d6 thi G(V,E) bao gdbm mot tap hitu han V cdc niit, hay dinh (Vertices) va
mOt tap h{tu han E céc cap dinh ma ta goi 1a cung (Edges)
Néu (v1,v,) 12 mOt cdp dinh thuOc E thi ta néi: C6 mOt cung ndi v, va v, Néu
cung (vy,v,) khic v&i cung (v,,v,) thi ta c6 mOt dO thi dinh hubng (Directed
graph hay digraph). Lic d6 (v,,v,) dugc g0i la cung dinh huéng tU v, t&i v,.
né€u th( tuU cdc nit trén cung khdng dugc coi trong thi ta ¢ dO thi khong dinh
huéng (Undirected graph) hay do thi vo hudng.

Bang hinh vé ta c6 th€ bi€u di€én d0 thi nhu sau:

\@
¢ [N

Q Hinh 7.2: DO thi khong dinh hubng
(d6 thi vé hubng)

Hinh 7.1: D6 thi dinh hudng
Macn aign, magng 1uul auung giao ndng, mang may tinh ,v ..v 1a cac vi

du thuc t& cla do thi. Cay 1a mOt truGng hop ddc bi€t cla do thi.
1.2. C4c khdi niém.
- Ldn cén: Néu (v1,v,) 12 mOt cung trong tap E(G) thi v, va v, g0i 1 1an

can cUa nhau (adjacent).
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Hinh 7.

Puong di (path): MOt duOng di tUr dinh vp d€n dinh vq trong do thi G
la
mOt day céc dinh v,, Vi, Vil «.r Vint, Vg MA (Vp,Vio), (ViosVit)seer  ( Vin1,Ve)
1a céc cung trong E(G). SO 1uong céc cung trén duOng di ay goi 1a do
dai ca dudng di (path length).
Vi du: Hinh 7.1: 1,3,4 12 m6t duOng di tU dinh 1 d€n dinh 4, né c6 db
dai 2.

Hinh 7.2: PuOng di tUr dinh 1 dén dinh 4 1a 1, 3, 5, 2, 4 né c¢6 d0 dai
bang 4; hodc 1, 2, 4 c6 d0 dai 1a 2.
Pudng di don (simple path): La duOng di ma moi dinh trén do, trlr
dinh
dau tién va dinh cudi cung, déu khac nhau.
MOt chu trinh (Cycle): La mOt duOng di ma dinh dau va dinh cudi
trung
v@i nhau (vi du : Hinh 7.1 dudng di 1, 3, 4, 1 1a mOt chu trinh).
PaGi véi d6 thi dinh hudng, d€ cho rd, thudng ngudi ta thém vio céc tlr
“dinh hudng” sau cdc thuat nglr trén (vi du: PuOng di dinh hudng tu
vi tdi vj).
Lién thong: Trong d0 thi G hai dinh vi va v; g0i 1a lién thong n€u c6 mbt
dudng di tU vi tdi vj (di nhién vGi d6 thi khong dinh hudng thi dOng

thOi cling c6 dudng di tUr vj tdi vi).

3a: DO thi khong dinh Hinh 7.3b: D6 thi khong dinh

huobng, khong lién thong huéng, lién thong

N
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Hinh 7.3d: DO thi dinh hudng,
lién thong

- DO thi c¢6 trong sO: Trong thuc t€& c6 rat nhi€u Ung dung cUa do thi
doi
hdi phdi c6 thong tin trén cdc canh (cung) cla dO thi d€ bi€u thi
khodng céch, gid thanh,... Thong tin d6 13 nh{ing con s6 va dugc goi 1a
trong s0, dO thi nay dugc g0i 1a db thi c6 trong sO. Vi du: Ban vé du
toan v€ chi phi cho tuy&n dudng can xiy dung tU tinh A dén tinh D ¢6
di qua cdc tinh B hodc C dugc th€ hi€n nhu sau:

Hinh 7.4: DO thi cé trong s6

2. Bi€u dién do thi

2.1. Bi€u dién bang ma trén ké

Diing mOt ma trdn c6 kiu logic d€ biu dién céc dinh va cdc cung cla do thi
Gia st ta c6 mOt do thi c6 hubng G=<V, E> gbm n dinh {vo, vi,..., Va1}.

Gi4 tri cQla ma trdn Ai,j dUgc x4c dinh theo nguyén tac sau:

: Nghia la c6 mOt cung ni tif vi dén v |

ai,j= 0 n€u (vi, vj) |E:Nghia vv=A vi=B  viva vjkhong 5 cung noi.
v.=C v=D ]”
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vo=A vi=B
V2=C vs=D

.

I
o o o o
(=R R
=l = R
=l

- Nhan %éti Hinh 7.6: Ma tré@n ké cUa d6 thi dinh
e O d6 uh¥Ongiuny un wa uan ke vicu wen o wo cdc phan
doi
xUng qua duOng chéo chinh, tUc 1a Ai,j = Aj.i
 Nhin vao ma trén k€ bi€u dién d06 thj dinh hudng ta c6 thé biét
duogc céc cung di tGi hodc xudt phat ti mOt dinh cho trude. Vi
du tai dinh vi=B ta bi€t chi ¢6 mOt cung di tU dinh vi dén dinh
vs=D.
- Uu diém:
« Don gidn, truc quan.
+ DE dang xic dinh dugc c6 hay khong mdt cung di tU dinh i dén
dinh j.
+ DEé cai dat trén mdy tinh.
- Nhugc diém:
e TO6n bd nhd: Bat k€ do thi c6 bao nhiéu canh, mobi db thj ciing
can
mOt ma tran vudng vdi kich thudc n x n phan tl (6 nhd). Tuy
nhién c6 thé€ khac phuc diéu nay bang céach chi luu trlt mOt nGa
trén hodc nlra dudi clla ma tran nhung chi v&i dO thi vé hudng.
« TOn thGi gian: VGi mbt dinh vi nhi€u khi ta phdi xét tat ca cic
dinh
vj khac d€ tim céc dinh ké véi né.
- Vidu: Viét chuong trinh dua ra man hinh tat cd cdc dinh k€ vdi tUng
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dinh trong mOt do thi bat ky.
#include <conio.h>
#include <stdio.h>
const n=5;
void main()
{ int 1i,j,k; clrscr();
int a[n][n];
printf("nhap ma tran ke tuong ung\n'");
for ( 1=0; i<n ;i++)
for (J=0; j<n; j++)
{printf("nhap a%d:",1i);scanf("%d",&a[1i][]]);
} clrscr();
printf("cac dinh ke:\n ");
for ( 1=0; i<5 ;i++)
{
printf("\n dinh ke voi %d la: ",1i);
for ( j=0; j<5 ;j++)
if (a[i][3] == 1)
printf("%3d;",J);

getch();

}
2.2. Bi€u dién d0 thj bang danh sich ké.
Phuong phép nay dung n danh sich lién két cho n dinh cla d6 thi, mOi danh
sach lién k&t clla mOt dinh s€ chira tat cd cac dinh khic ké véi né. Do d6 cic
danh sdch nay con dugc goi 1a danh sich ké.
Nhu vay dé€ luu tr(t thong tin vé mét d6 thi ¢6 n dinh ta cAn m6t mdng G
gbm n phan t&, mbi phan t& Gi 12 mOt con trd trd tGi danh sich cdc dinh ké
vGi dinh i, mOi nit gdm 2 trudng 12 Vertex ch(ta chi sO cla dinh k& v&i né va
truOng Link ch(a dia chi cUa niit ti€p theo trong danh sach.

) ®)

VO | A » B > C
V1|B > A > D
V2| C o A > D
V3|D » B » C c D

Hinh 7.7: Ma tr@n danh sdch ké cUa dé thi vé
huobng



VO| A

V1|B » D

V2 |C » D

V3 |D c »l P

Hinh 7.8: Ma tr@n danh sdch ké cUa do thi dinh hubéng
3. Céac phép duyét do thi
Tuong tu nhu cdu tric d{F 1liéu cdy, khi x(r 1y bai todn dO thi, ta can thim céic
dinh cUa d6 thi mOt cach c6 hé thOng d€ ddm bdo rang moi dinh chi dugc
thim ding mOt 1an, viéc nay dudc goi 1a duyét dO thi. C6 hai phép duyét do
thi phG bi€n d6 1a duyét theo chi€u sau va duyét theo chi€u rOng.
Gia s ta c6 dO thi G=(V,E) va mOt dinh v trong V(G), ta can thim tat ca cic
dinh thuGc G ma c6 lién thong véi G.
3.1. Duyét theo chiéu sau (Depth First Search).

3.1.1. Phép duyét.

Xudt phat tU mOt dinh v dugc thim, ti€p theo dinh w chua dugc thim ké véi
v dugc chon va mOt phép duyét theo chi€u siu xudt phat tU w 1ai dugc thuc
hién vé&i cdc dinh wi k& vGi w,... khi hét mOt nhanh thi dugc chuyén sang
nhénh khéc. Phép duyét theo nguyén tac nay dudc goi 1a duyét theo chi€u siu.
Phép duyét sé két thiic khi khong c6 mOt dinh nao ké vdi dinh da dugc thim

ma chUa dugc tham

Hinh 7.9: DO thi khong dinh hudng, lién thong
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Gia thi€t, v&i do thi hinh 7.9 va dinh xudt phat 12 vi, thi phép duyét theo chiéu
sau s€ dugc mOt diy c4c dinh sau:
vi, V2 (ciing ¢6 th€ vs), va (ciing c6 th€ vs), vs, v3, v7 do v7 khong ¢ dinh k€ nao

chua dugc thim nén phdi quay 1ai vs va cudi ciing 12 ve.

3.1.1. Gidi thuat.
DE ki€m tra viéc duyét mOi dinh ding mOt 1an ta ding mOt mang mart gdm n
phan t0 tuong Ung v&i n dinh cla do thi. Khéi dau gén gi4 tri 0 cho tat cd cic
phan t( cla mang, mOi khi ¢c6 mot dinh i dugc thim ta s€ gan mart[i]=1.
Gidi thudt dugc mo ta bang ham dé qui DFS (Depth First Search) nhU sau:
void DFS(int v)
{ thim dinh v: mart[v]=1
for mOi dinh w ké véi v
if (mart[w]==0)
{ mart[w]=1;
DFS(w);}

3.1.1. Ung dung cla gidi thudt.
Nhiéu gidi thudt st dung gidi thuat duyét theo chiu sau:

Xdc dinh cdc thanh phdn lién thong cUa do thi
Sap xép to po cho do thi.

Xdc dinh cdc thanh phén lién thong manh cUa d0 thi c6 hudng

3.2. Duyét theo chi€u rOng (Bredth First Search).

Xuat phét t mOt dinh v dugc thim dau tién, nhung khic vGi DFS ti€p theo 12
céc dinh chua dugc thim ma ké vdi v sé duoc tham k€& ti€p nhau va mOt phép
duyét theo chi€u rOng xudt phat tI cdc dinh k€ v4i v vlra dugc thim 1ai dugc
thuc hién,... khi hét cic dinh ké védi mOt dinh di duoc thim thi dugc chuyén
sang dinh k€ khdc. Phép duyét theo nguyén tac nay dudgc goi 1a duyét theo
chi€u rOng.

Phép duyét sé két thic khi khong c6 mOt dinh nao ké véi dinh da dugc thim
ma chUa dugc tham.

Gia thi€t, v&i do thi hinh 7.9 va dinh xudt phat 12 vi, thi phép duyét theo chiéu
r@ng sé& dugc mot day cac dinh sau: v1, v2, v3 rbi dén v4, v5 tiép theo v7, v6.

3.2.1. Gidi thuat.
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Ta ciing duing mOt mdng mart gdm n phan t( tuong Ung v&i n dinh cla do thi.
Kha&i dau géan gid tri 0 cho tat ca cdc phan t& clla mang, mOi khi c6 mOt dinh i
dugc thim ta s€ gén mart[i]=1.

Giai thuat BFS (Bredth First Search) c6 thé cai dat khéng dé qui bang céch
dung thém mOt Queue d€ 1uu cdc dinh can dugc thim.

Giai thudt dugc mo td bang ham BFS nhu sau:

void BFS(int v)

{
Khdi tao hang dgi Q
chen v vao hang doi Q
ddnh dau da tham v: marti}-1.
while (Q = )
{ 18y dinh v ra khdi Q
for mOi dinh w ké v6i v
if (martfw ]==0)
dua v vao hang doi Q
danh ddu di thim w: martw]—1.

}
3.2.1. Ung dung cUa gidi thuét.
Nhi€u gidi thuat s dung gidi thuat duyét theo chiéu rOng:
- Tim tat cd céc dinh trong trong mOt thanh phan lién thong
- Bai toan tim duOng di ngdn nhat
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CAU HOI VA BAI TAP CUOI CHUONG 7

1)
2)
3)

4)

5)

Trinh bay khéi ni€m d6 thi dinh hudng, d6 thi khong dinh hudng

Trinh bay cac khai ni€m duOng di, chu trinh, lién thong

Hiy néu mOt sO cach bi€u dién dO thi ma minh biét va dua ra nhan xét
v€ Uu di€ém va han ché cla tUng cich.

Cho d0 thi khong dinh hudng G1 nhu hinh 7.10 sau:

Hinh 7.10: D6 thi G1

. Hay cho bi€t d6 thi thulc loai nao (dinh hudng, vd hudng, lién thong,

khong lién thong)?

. Hay 1ap ma tran 1an can cla G1.

. Hay 1ap Danh sich céc dinh ké cla G1.

. Duyét d6 thi G1 theo chi€u sau bat ddu tir A, B, D.

. Duyét d06 thj G1 theo chiu rOng bat dau tir A, B, D.

Cho d0 thi dinh huéng G2 nhu hinh 7.11 sau:

f, ‘
‘ Hinh 7.11: DO thi G2
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a. Hay cho biét do thi thuOc loai nao (dinh hudng, vd hudng, lién thong,
khong li€n thong)?
b. Hay 1ap ma tran k& (Ian can) cla Gl
Hiy 1ap Danh sich cdc dinh ké cla G1
d. Duyét do thi G1 theo chi€u sau bat dau tUr A.
e. Duyét dob thi G1 theo chi€u sau bat dau tlr A.
6) Cai dat d6 thi G1 bang ma trén ké rbi viét cdc gidi thut:
a. Duyét theo chiéu sau.
b. Duyét theo chi€u rOng.
7)  Cai dat d6 thi G2 bang danh sich céc dinh ké roi viét cac gidi thudt:
a. Puara man hinh cdc dinh k€ v&i tUng dinh cUa do thi
b. Duyét theo chi€u sau.
c. Duyét theo chiéu rOng.
8) Hay vi€t mOt Ung dung c6 s& dung gidi thuat duyét theo chi€u rOng
d€ ki€m tra tinh lién thong clUa mOt dO thi bat ky va dua ra thong bdo
v€ s0 1ugng thanh phan lién thong cla do thi

144



PHU LUC

Phu luc 1
Bi€n con tré va cap phat dong
1. Khdi ni€ém bi€n tinh, bi€n dOng va bién con tro:
- Bién tinh: La nhimg bi€n khi khai bdo, mOt lugng 6 nhG cho cic
bién
ndy s€ dugc cap phat ma khong can bi€t trong qua trinh thuc thi chuong
trinh c6 s& dung hét lugng & nh& nay hay khong. Mat khic, cdc bi€n tinh
(nhat 12 c4c bi€n toan cuc) s€ tOn tai trong sult thOi gian thuc thi chuong
trinh, gdbm cd nhitng bi€n ma chuong trinh chi s dung 1 1an r0i bd.
MOt sO han ché c6 th€ gdp phai khi st dung céc bi€n tinh:
« Cap phit 6 nh& du, gay ra lang phi 6 nhd.
« Cap phat 6 nhd thi€u, chudng trinh thuc thi bi 16i.
- Bién ddng: Bi€n ddng duoc tao ra va khdi tao gid tri khi chuong
trinh
hoat dOng. Pac biét 12 bién dOng dugc thu hdi bO nhd ngay khi c6 1€nh yéu
cau gidi phéng ving nhG né dang chi€m gilt d€ c6 th€ sU dung vao viéc
khac.
Pac di€m cla bi€n dOng:
e  Chi phat sinh trong qué trinh thuc hién chuong trinh ch( khong
phét sinh Itic bat dau chudng trinh.
« Khi chay chuong trinh, kich thudc cla bi€n, viing nh& va dia
chi
viing nhG dugc cap phat cho bi€n c6 th€ thay doi.
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* Sau khi st dung xong c6 th€ gidi phéng d€ tiét kiém chO trong
b0
nhG.
- Bién con tr0: Bi€n dOng khong c6 dia chi nhat dinh nén ta khong thé
truy cap dén ching dudc. Vi thé, & cic ngon ng(t 1ap trinh nhu ngdn nglr C
dd cung cap cho ta mOt loai bi€n ddc biét d€ khac phuc tinh trang nay, dé
12 bi€n con trd (pointer) v3i cic dac di€m:
« Bién con trd khong chra d{f 1i€u ma chi chra dia chi cUa di
liéu (
hay chla dia chi cUa 6 nh& ch(ra d{t li€u), n6 dung d€ truy cap bi€n thong
qua dia chi bi€n va chuong trinh tham chi€u bién gidn ti€p qua dia chi nay.
 Kich thudc clia bién con trd khong phu thulc vao ki€u d{t liéu,
ludn c6 kich thudc cd dinh ( 2 bytes hodc 4 bytes,...).
2. Khai bdo bi€n con tr0 :
2.1. Khai bo bi€n con trd cé kiéu:
- Ciphdp: <Ki€uditliéu> * <Tén bi€n >;
Hodc  <Kidu dit liéu>* <Tén bién >;
- Gidi thich :
<Kiéu d{r liéu>: La tén mOt ki€u d{¥ 1iéu trong ngdn nglr C, <ki€u dir
liéu> O day la ki€u dit liéu duoc tr0 t0i, khong phdi la ki€u cla ban than
con tro.
* <Tén bi€n >: D3u * trudc tén bi€n th€ hién bi€n nay 1a bi€n con tro.
N6 ch(ra dia chi cUa cic bi€n c6 cing <Ki€u d{t li€u> ma né sé trd dén.
Vidu I:
int *pa, *pb;
Khai bdo 2 bi€n pa, pb 12 2 bi€n con trd, sé& chla dia chi cic bi€n cé
ki€u int ma né trd dén.
Vidu 2:
float *px, *py;
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Khai bdo 2 bi€n px, py 1a 2 bi€n con trd, s& chla dia chi cic bi€n c6
ki€u float ma né trd dén.
2.2. Khai bdo bi€n con tr6 khong kiéu:
Néu chua mudn khai bdo ki€u d{r 1iéu ma bién con tro s& tr0 dén, ta
st dung:
- Cu phap:
void *<tén bi€n con tré>;
- Gidi thich:
e TU khéa void thay cho tén mOt ki€u d{r 1iéu bat ky. Sau dé, n€u
ta
muOn con trd <tén bién con tr6> chi dén ki€u dit liéu gi ciing dugc.
 Tic dung cUa khai bdo nay 12 chi danh ra mOt s byte nhat dinh
@
bytes hodc 4 bytes) trong bd nhG d€ cap phat cho bi€n con trd <tén bién

con tro>.
- Vidu 3:
void main()

{ int a;
float b;
void *p, *q;
p=&a; //p trO t6i dia chi bién a c6 kiéu int
q=&b; //q trG t&i dia chi bi€n b cé kiéu float
printf(“a=%d”, *(int *)p); /st dung phép ép ki€u

printf(“a=%d”, *(float *)q);
}
3. Céc phép toan trén bién con trd
3.1. Toén tU dia chi &:
Nhu ta di bi€t, ngdn nglt C qui dinh ddu & trudc tén mOt bién 13 1am
vi€c vGi dia chi clia bi€n d6. Khi mudn bi€n con tro trd t&i dia chi mOt bi€n
tinh ta thuc hién phép gan sau:
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- Cu phdp: <tén bi€n con tro>=&<tén bi€n>;
- Giai thich:
o &<tén bién> tUc 13, 1am viéc vbi dia chi cla <tén bién>

« Thong qua phép gin nay bi€n con trd <tén bién con tro> sé tro

tGi
dia chi cUa <tén bién>. Nghia la pa turong duong voi &a.
- Vidu4:
int a, *pa, *p;
pa=&a; //sau phép gdn nay bi€n con tr0 pa sé tro t0i dia
chi bién a
p=pa; //bién p ciing tr0 t&i dia chi bién a
- Luuy:

« Kiéu d{t 1iéu cla bi€n tinh va ki€u d{t 1liéu cla bi€n con trd
trong
phép gdn can phdi phit hgp véi nhau. Vi du sau diy chuong trinh dich sé
bdo 16i do khong tudng thich ki€u diF liéu:
float a; /fa la bién cé kiéu sO thuc
int *pa; //pa la bi€n con trO cé ki€u sb nguyén

pa=&a; /¥phép gdn sai vi ki€u dir liéu 2 bién khong
tuong thich, mubn phép gdn diing ta sU' dung
phép ép ki€u */
« Phép gan <tén bi€n con tré>=&<tén bi€n>; 1a phép toan bat
bulc
vi C qui dinh mOt bi€n con trd trudc khi trd tGi moOt gid tri, thi can phdi trd
tGi mOt dia chi cu thé, n€u khong C sé& bdo 10i.
« Khi gin dia chi cla mOt bi€n cho mOt bién con trd, moi su thay
doi
trén nOi dung 6 nh& ma con trd trd tGi s€ 1am gid tri clUa bi€n thay dGi theo
(thuc chat nbi dung 6 nhG va bi€n chi 1a mOt). Ta s& hi€u ré hon G vi du

3.5.
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3.2. Toan t( tham chi€u *:
Dau * trudc tén mOt bi€n khi khai bdo d€ chi bi€n d6 1a bi€n con tro.
Nhung dau * trudc tén bi€n con trd 13 d€ truy xudt truc ti€p dén gid tri
dugc luu trlf 3 dia chi ma bi€n con tro tro tdi.
- Vidu: *pa=a;
- Giai thich:
o * pa tUc 13, truy xuat tGi gid tri ma bién con tro pa tr0 t&i

* Gi4 tri bi€n a s& bj thay d6i theo gid tri ma bién con trG pa tr0 t0i. Vi

du *pa=a+9, sau phép gan nay gid tri bi€n a ciing ting thém 9 don vi.
- Vidus :
#include <stdio.h>
#include <stdlib.h>

void main()

{

int a= 100, *pa, b ;

b=a; //sao U gid tri bién a sang bi€n b

pa=&a; /* cho bi€n con tr0 pa tro t6i dia chi cUa bi€n a, diy
la phép gdn bat budc trudc 1énh *pa=a+9; */

*pa=a+9;  /*sau phép gdn gid tri bi€én con tr0 pa tr0 t0i gid
tri 109 Gid tri cUa bién a ciing bi thay doi theo */

//Cdc 1énh in gid tri cUa cdc bién

printf (“ \n Pia chi cQa bién b: %p”, &b);

printf (“ \n Gi tri cUa bi€n b : %d”, b);

printf (“ \n Pia chi cQa bién a: %p”, &a);

printf (“ \n Gid tri cUa bi€n a: %d”, a);

printf (“ \n Pia chi cQa bién con trd pa: %p”, &pa);

printf (“ \n Gi4 tri cUa bi€n con tr® pa: %p”, pa);

printf (“ \n Gi4 tri bi€n pa trd tGi: %d”, *pa);

getch();

V/két thiic ham main

- K&t qua chay chuong trinh:
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Dia chi clla bi€én b: FFF0

Gi4 tri cUa bi€n b: 100

Dia chi cUa bién a: FFF4

Gi4 tri cUa bién a: 109

Dia chi cQia bi€n con trd pa: FFF2
Gi4 tri cUa bién con trd pa: FFF4

Gi4 tri bi€n pa tré t&i: 109

- M0 td két qud trén trong b nhd :

Cau lénh Pia chi bi€n|Gia tri bi€n
tinh tinh
int a=100; FFF4 100
int b; FFF0 Chua xéc dinh
b=a; FFF0 100
Caulénh | Pia chi con |Pia chi con tro tré | Gia tri con tro tro
tro toi toi
int *pa; | FFF2 C6 thé chua xdc dinh | C6 thé chua xé4c dinh
pa=&a; FFF2 FFF4 100
*pa=a+9; | FFF2 FFF4 109
- Luuy:
« Sulién quan gi(ra bi€n con trd va bi€n tinh:
Loai bi€n |Pia |Pia chi|Gia | Ghichi
chi |trotéi | tri
Biéntinh x | &x &x X - Dau & trudc tén bién chi dia
chi cUa bién
Bién con tro | &p | p=&x | *p - p=&x: Cho con tr® p trd t&i dia

p

chi clia bi€n x (p tuong duong
vOi &X)

*p tuwong dudng vdi x, cic 1énh
dung dugc véi x ciing c6 thé
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dung dugc véi *p

« Dung 1&€nh printf v&i ma %p d€ in ra man hinh (hodc mdy in) dia chi
bi€n con trd va dia chi bi€n con trd trd t&i. Khong nén ding 1€nh scanf dé
nhap gid tri cho bi€n con trd.

3.3. Phép chuyén (ép) kiéu:

Phép gan thuGng thuc hién cho hai con trd cing ki€u. MuOn gin cic

con trd khac ki€u phai ding phép ép ki€u theo cii phap sau:

Ci phap: ( Ki€u dir liéu méi) *<tén bi€n con tré>;

Hoac *( Ki€u dir liéu méi *) <tén bi€n con tro khong ki€u>;
Vidu 6:

float *p1, x =9.5;

void *p;

int *p2=NULL;

// pl tr0 t&i 6 nh& x c6 chla gid tri 9.5

pl = &x;
printf(‘“*pl= %f\n”, *p1l);
p=pl; // p, pl cing trG vao dia chi bién x

//in ra gid tri con trO p trO t0i
printf(‘“*p= %f\n”’,*(float *)p);

*p2 = (int)* pl; // *p2 tr0 tOi gid tri 9
printf(‘“*p2= %d”,*p2);
Vidu 7:

int a, b, *p;
char c;
p = &a;
*p =97, // sau 1énh gdn nay bién a=97
b = *p; /] sau 1énh gdn nay bién b=97
¢ = (char )* p; /] sau 1€nh gdn nay bién c = ‘a’

3.4. Todn tu cOng, trll con tro v&i mOt sO nguyén va phép ting gia.
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Ta c6 th€ cOng (+), trlf (-) mOt bi€n con trd v4i 1 sO nguyén n nao d6; két
qud trd v€ 1a 1 con trd. Con trd niy chi dén viing nhé cich ving nhd cla
con tr® hién tai n phan tU.

Vidu 8:
int a[100], *pa;
pa = &a[10]; //pa trO t0i dia chi phdn tt a[10]
pa ++; //pa tr0 t0i dia chi phdn t& a[10+1]
pa +5; //pa trQ t&i dia chi phdn t a[10+5]
pa--; //pa tr0 t&i dia chi phdn t0 a[10-1]
pa -3; //pa trQ t&i dia chi phdn t a[10-3]

- Phép ting (++), gidm (--) khdng cé nghia 14 cho bi€n con trd trd sang
byte bén canh, ma thuc chat 1a sang phan t& bén canh. Bién con trd char
truy nhap 1 byte, con trd int truy nhap 2 byte, con trd float truy nhap t6i 4
byte, ,...

Vidu 9: int *pa;
pa = (int*) malloc(20); /* Cap phat ving nhd 20 byte=10 sO

nguyén*/
int *pb, *pc;
pb=pa+7;
pc=pb-3;
- Phép trUr 2 bi€n con trd cung ki€u s€ trd vé 1 gi4 tri nguyén (int).
bay
chinh 13 khodng cich (s& phan t) gilta 2 con tr@ d6 (trong vi du trén pc-

pa=4).
- Khong c6 phép cOng 2 bi€n con trd v&i nhau
- Cdc phép todn trong mUc nay khong thuc hién v&i bién con tro void,
bién con tr0 ham.
3.5. Toén tU so sanh:
- D6i v6i bién con tré (p): SU dung toan tI ==, != ki€m tra xem 2 bién

con
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tr® c6 cung trd vao mOt dia chi hay khong (duong nhién 2 bi€n con tré d6
phdi cung ki€u d{f liéu vGi nhau), hodc mOt bi€n con trd cé trd vao gid tri
hang NULL khong.
pl==p2 néu dija chi p1 tr0 tGi bang dia chi p2 tro t4i.
p1!=p2 néu dia chi p1 trd t&i khic véi dia chi p2 tro téi.
SU dung todn tf >, >=, <, <=ki€m tra vé d0 cao thap gilta 2 dia chi,
bi€n con tr® c6 gid tri nhd hon thi trd vao dia chi thap hon.
pl<p2 néu dia chi pl trd tGi thap hon dia chi p2 tro t6i.
p1>p2 néu dia chi pl trd tGi cao hon dia chi p2 tr0 téi.
Con trd void c6 thé dem so sdnh v&i tat ca con trd khic.
- D6i v6i gid tri bién con tro tro téi (*p): Céc toin tU so sanh duoc
thuc
hién hay khong 1a phu thudc vao ki€u dt liéu ma bi€n con trd tro tdi.
3.6. Hang con tr0:
- Hang con tr6 NULL: La mOt gi4 tri dac biét cla bi€n con tro, bat ky
bi€n
con tr@ nao n€u dudc gin gia tri NULL (*<tén bién con tr6>=NULL) dé
b4o rang bi€n con trd nay khong trd vao dau cd (giOng nhu 1énh gin bi€n
so=0).
- Con trG chi dén d0i tuong hang: La nhimg con trd ma chi c6 th€ gan
gia
- tri cho con trd mOt 1an duy nhat, nhung dugc phép dung tham chi€u dé€
thay d0i gid tri cUa bién.
Ki€ u * const p = gia tri;
Vidu:
char xaul[] = "ABCDEF”;
char * const p = xaul; //hodc char* const p="ABCDEF”;
p++; /¥sai, vip xaul, khéng thay d6i duQc viing
nh® ma p tro t6i*/
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pl2]++; /¥ding vi p[2]  xaul[2], hoan toan cé th€
thay d0i gid tri vimg nh® ma p tr6 dén*/
p[51="T";

6A7 ‘B’ ‘C, ‘D, ‘E’ ’T’ ‘\07
1500 1501 1502 1503 1504 1505 1506

T ! I mwr

p s AUOCc ghi de

- Con trG hang: La nhitng con tr® ma chi trG vao 1 ving nhé c6 dinh,
co
th€ thay dGi dia chi ma n6 trd d€n, nhung 1ai khong th€ tham chi€u d€ thay
d0i gid tri cUa bi€n ma né trd dén.
Ki€ u const *p = gia tri ha ng;
hoa ¢ Const ki€ u *p = gia tri ha ng;

Vidu:
char xau2[] = "abcdef™;
const char* q=xau2; // hay const char * p = xau2;
q++; // ding, *q[1]=="b’; *q=="bcdef”;
q[2]++; /* sai, khong thay dOi duOc gid tri trong
viing nh@ */
ql2]="H’; //sai
‘a’ ‘b’ GC, 6d’ ‘e’ 7f’ 6\0’
1550 1551 1552 1553 1554 1555 1556
T T Gid tri trong viing nh@ la
q| 1550 | q| 1551 c@ dinh khong th€ thay doi
- Luuy:

« Dija chi cla mOt bi€én dugc xem nhu mOt con trd hang, do dé né
khong dugc phép gan, ting hodc gidm.
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Vi du 10:

int a, b, *p;

p=&a;

p++; // diing

(& a) ++; /* sai vi dia chi ca mOt bién dugc coi

la con trG hang*/
« Con tr0 khong trd dén bi€n khic duogc, ciing khong dung tham
chi€u

dé€ thay d0i gi4 tri cUa bi€n dugc.

int x=100;

const int *const px = &x;

pX++; //sai, khong trG sang bién khdc dugc

*px=5; /*¥sai, khong thay dOi dugc gid tri cUa bién

dugc tré dén*/

3.7. Cap phat viing nh& cho bi€n con trd:

Trudc khi s& dung bién con trd, ta nén cap phat ving nhd cho bi€n con
tr@ d€ qudn ly dia chi. Viéc cap phat dugc thuc hién nhd cac ham malloc(),
calloc(), realloc() trong thu vién alloc.h. (hay stdlib.h). hodc cho bién con
tr® trd vao dia chi cla bi€n tinh: p=&a; muc 1.3.1

Khi s dung cdc ham trén ta phai ép ki€u vi nguyén mau cdc ham nay
trd v€ con tro ki€u void néu cap phat thanh cong va trd vé NULL néu cap
phat khong thanh cong.

Ham malloc(): Ham thuGng ding d€ cap phat bd nhG dOng cho bi€n
con trd c6 ki€u d{r liéu c0 s, cau tric. Luu ¥ 13 viing nhd dugc cap phat c6
th€ dang 1uu gi(r gid tri ci ma chua bi x6a.

Cu phap: void *malloc(s® 6 nhG can cap phat);
Ep kiéu:
(Ki€u d(r1iéu * ) malloc(s® 6 nhG can cap phat);
Hoac: void *malloc(n * sizeof(Ki€u d(t liéu);
(Kiéu d{r liéu * ) malloc(n* sizeof(Kiu d{I liéu);
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Vidull:

int *p;

p=(int*) malloc(20); /*c8p phdt viing nhO kich thudc 20 bytes
cho 10 s6 nguyén */

Hoac

p = (int*)malloc(sizeof(int)); /% Cdp phdt vimg nhd cé kich

thuGc bang vOi kich thubc cla
mot sO nguyén */
p = (int*)malloc(10*sizeof(int)); /*cdp phdt ving nhd kich thudc
20 bytes cho 10 s6 nguyén */
a. Ham calloc(): Him thuOng dung d€ cap phat bd nhG dOng cho ki€u
dir
liéu do ngudi dung tu dinh nghia, it ding v&i ki€u cO sG. Pac biét viing
nhG d0ng dugc cap phat bGi ham calloc s€ dugc set to zeros (dUa veé gid tri
0).

Cu phép: void *calloc(n, sizeof(Ki€u d{r liéu);
struct sinhvien
{ char masv[10];
char htsv[30];

sinhvien *q;
/% Cap phdt ving nh® cé thé
chlrta duoc 10 ban ghi sinhvien
*/
g=(struct sinhvien*)calloc(10,
sizeof(struct sinhvien));
b. Ham realloc(): Pugc dung d€ cép phat 1ai bd nhG dOng.
Cu phép: void *realloc(tén bi€n con trd, sO byte mdi);
int *q;
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q = (int*)malloc(sizeof(int));

q= (int*)realloc(q, 20); /% Cap phdt ving nhd cé th€
chlra duogc 10 s6 nguyén*/

Jree(q);

Luuy:
- Khi cap phat 1ai thi ndi dung viing nhG trudc d6 van ton tai.
- Két qua trd vé cla ham 1a dia chi dau tién cla ving nh¢ mdi.
Dia
chi nay c6 thé khac v&i dia chi dugc chi ra khi cap phat
ban dau.
c. Ham free(): DPugc dung d€ gidi phong ving nh$ dOng da cap phit,
khi
khong con dung dén n{ra.
Cu phép: void free(void *<bi€n con trd>)
Vi du: free(q);
Luu y: mOi khi khong ding dén bi€n ddng can phdi gidi phong ngay
viung
nh& da cdp phat.
4.  MGi lién quan gita con trd, ham, mang, chuli va cau tric.
4.1. Bién con trd 1a tham sO hinh thUc cQa ham.
Mac nhién, vi€c truy€én tham s cho ham trong C la truyén theo gi4 tri,
nghia 13 gi4 tri cUa tham sO thuc khong bi thay dGi trudc va sau khi goi ham.
Mu0n sau khi k€t thiic ham gid tri cUa tham sO thuc su thay d6i theo su
thay d6i cUa tham sO hinh thUc thi ta phdi khai bdo tham s& hinh thlc la
bién con tr0 (hodc thém déu & vao trudc tham s6 hinh thlc) va dugc goi 1a
tham sO hinh thUc bi€n (hay tham bi€n). Py g0i la truy€n bi€n.
Pdc di€m cUla truyén bién:

« La tham sO thuc sU truy€n dia chi ving nh& clia minh cho tham sO
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hinh thUc bién.
« MOi su thay d0i trén ving nhG dugc quan 1y bdi tham s6 hinh
thirc
bién cla ham s& anh hudng dén ving nhd dang duoc quan Iy bOi tham s6
thuc su tuong Ung.
« MOi ham chi ¢6 thé€ trd ra mOt gid tri (bang 1énh return). PE ham
co
th€ trd ra nhi€u gi4 tri ta lén ding c4ch truy€n bién.
Vi du 12: Xét chuOng trinh sau day:
/* Khoi tao 2 so */
#include <stdio.h>
#include <conio.h>
void truyenBien (int *, int *);

void main(void)

{
int x=6, y=4;
printf(“Gia tri bien x va y TRUOC khi goi ham:\n");
printf("x = %d, y = %d\n", X, y);
truyenBien(&x, &y);
printf(“Gia tri bien x va 'y SAU khi goi ham:\n”);
printf("x = %d, y = %d\n", X, y);
getch();

}

void truyenBien(int *px, int *py)

{
*px =3; //gan 3 cho noi dung cua px
*py = 5; //gan 5 cho noi dung cua py
printf(“Gia tri bien x va y truOc khi KET THUC ham:\n”);
printf("x = %d, y = %d\n", *px, *py);

}

K&t qud thuc hién chuong trinh:
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Gia tri bien x va y TRUOC khi goi ham:

x=6 y=4

Gia tri bien x va y truoc khi KET THUC ham:
x=3 y=5

Gia tri bien x va y SAU khi goi ham:

x=3 y=5

4.2. Bié€n con trd 1a ki€u két qua ham trd vé :
Cu phap: Ki€u *ham (danh sach tham s0).
Vi du: Ham strstr() 18y ra mOt phan cUa chu0i s1, bat dau ttr chudi s2.
Theo qui c4ch 1am viéc cUa ham thi k€t qud ham trd ra phdi dugc gin
cho mOt bi€n con trd c6 ki€u char.
//char *strstr(const char *sl1, const char *s2);
#include <stdio.h>
#include <conio.h>
#include <string.h>

void main(void)

{
char *strl = "Borland International", *str2 = "Inter", *ptr;
ptr = strstr(str1, str2);
printf("The substring is: %s\n", ptr);
getch();
}

4.3. Sutuong quan gilta con tr® va mang.

a. Con tr0 va mang mOt chiéu.

Vi khai bdo:

int a[10], *p;

Thuc chat C qui dinh a tuong duong v3i &a[0], nghia 13 tén mdng 12 dia chi,
hay con trd trQ tGi phan t& dau tién cla mang.
Tacé th€ viét:  p=a; hay p=&a[0];
Khi d6 d€ truy xudt tGi phan t th(i clla mang A, ta c¢6 céc cach sau:

afil ® *(a+1)  *(p+1)
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&afi] & (a+i) < (p+)
Chiing ta can Iuu y 12 chi c6 tén clla mang m&i mang gid
tri dia chi (tUc con trd), con phan t cla mang (a[i]) chi
12 bi€n binh thudng. Cu thé&, a hay a[] 1a bi€n con trd con
a[0], a[1],... 12 cdc gid tri cUa bién.
Vi du 13: Him nhap mdng va hién mang:
#include <stdio.h>
#include <conio.h>
#include <alloc.h>
//dinh nghia ham Nhapmang
void Nhapmang(int *p,int n)
{ int 1;
for 1=0; i< n; i++)
{ printf("\n nhap a[%d]:",1);
scanf ("%d", p+i );

//dinh nghia ham Hienmang
void Hienmang(int *p, int n)
{ int 1;
for (i = 0; i<n;i++)
printf ("%4d", *(p+1));

//dinh nghia ham chinh main
void main(void)
{ int a[100];
int n=10;
Nhapmang(a,n); //Bién mang tuong duong bién con tro
Hienmang(a,n);

getch();
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}
- SU khdc nhau gilta con tr0 va mang:

Bié€n con trd thi ¢6 thé ting, gidm hodc gdn con bi€n mang 13 mOt
con trO hang do d6 khong thé ting, gidm hodc gan.

Ta c6 th€ 18y dia chi cUa con trd nhung khong thé€ 13y dia chi cla
mang vi ban thin mang di 1a dia chi .

Khi ta khai bdo mOt mdng thi chuong trinh dich sé cap phat mot
viing nh& cho né. Con bi€n con trd khi dugc khai bao chi dugc cdp mOt
nh& ma ndi dung clla né thuOng chua xdc dinh: = phdi ¢é p = a d€ p chi tGi
a

Khi khai bdo mdng ta phdi chi ra s& luong phan t(, n€u thlra nhiéu
s€ lang phi bd nh@, N€u thi€u chuong trinh sé€ 10i. Ta c¢6 thé khac phuc
di€u nay bang cich tao m6t mdng bang con trd va phai xin cdp phit mOt
viing nhG bang ham malloc (), n€u thi€u c6 th€ ding ham realloc() d€ xin
cap phat thém 6 nhd.

/¥Viét 1ai ham main cUa vi du 3.12 bang cdch ding bi€n con trQ thay
mang*/
void main(void)
{ int *p, n=10;
p =(int*) malloc (10 * sizeof (int));
Nhapmang(p,n);
Hienmang(p,n);
getch();
}
b. Con tr® va mang hai chi€u.
Chiing ta d bié€t, C quan niém mang hai chi€u nhU mang (mOt chiéu) cUa
mang.
Vidu 14: float a[2][3];
Khi d6 ta c¢6 cdc phan tU:
a trd t6i a[0][0];  a[0];
a+l  tro tdia[0][1];  a[l];

a+2  tro tdi a[0][2];  a[2];
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a+3 trotdia[l][0];  a[3];

c. Mang 2 chiéu va bi€n con tro:
Vidu 15: float a[2][3], *p;

Khi do:
p=(float *)a; /NOi mang 2 chiéu phdi ding
phép ép kiéu
( Khéng nén dung: p=a; vi ddy la phép gdn duoc ding vOi mang
mét chiéu)
Sau phép gan trén thi:
P tro tdi dia chi a[0][0]
p+1 tro tdi dia chi a[0][1]
p+2 tro tdi dia chi a[0][2]
Va *p trd t6i gid tri a[0][0]
*(p+1) tro t6i gid tri a[0][1]

Vidu 16 : Ham hién mang 2 chiéu:
#include <stdio.h>
#include <alloc.h>
#include <conio.h>
void hienMT(int *p)
{
for (int 1=0;i<6;i++)
printf("%d %c", *(p+i),(i==2)? \n":"");
}
void main()
{ clrscr();
int *p,a[2][3]={1,2,3,4,5,6};
printf("\n");

162



hienMT((int *)a); //phdi ding phép ép ki€u
getch();
}
4.4. Con tr6 va chuli ky tu
C quan niém chu0i ky tu 1a mOt mang ky tu, nhung con trd ky tU c6 hoi
khéc v&i mang ky tu.
Vidu 17 : Khai bao:
char s[50]; // Hodc char s[] = “ABCD”’;
char *p; // Hodc char *p = “ABCD”’;
Phép gan :
s = “ABCD”; /* sai (s la mOt hdng dia chi), phdi ding
strcopy(s,”ABCD”)*/
p="ABCD”; //diing (p la mét con tro)

Truy cap phan t(r:
s[0]=="A" tuong duOng *p+0)=="A’
s[1]=="B’ tuong duOng *(p+1)=="B’

Poc, viét chudi ky tu:
gets(s); tUOng duong  gets(p); //doc chuli ky tU tlr ban phim
puts(s); tUOng duong  puts(p); /i€t chuli ky tU ra man hinh
hoac
printf(“%s”,s); tUOng duOng printf(‘‘%s”,p);
/i€t chuli ky tU ra man hinh
- Con tr® va mang chudi ky tu: C quan niém mang chudi ky tu 13 mot
mang 2 chi€u c6 kiu char, nhung con trd chubi c6 hai khic véi
mang chu0i.
Vidu 18:
Khai bdo: Mang ten ¢6 5 phan t&, mOi phan t( chira tO da 8 ky tu
//mang gOm 5 phdn tU cé dO dai t6i da la 8 ky tur
char ten[5][9];
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/*hodc char ten[5][9]= { "Minh", "Tuan", "Binh", "Nam",
"Ngan" };*/
//mdng gOm 5 con trG cé ki€u char

char * ds[5];
//Hodc char *ds={ "Minh", "Tuan",
"Binh", "Nam", "Ngan" };
Phép gdn:
Ten[O]= "Minh"; tuong duOng ds[0]= "Minh'"';

Luu y: KhOi tao mang ma khong diing con tr0 thi luong 6 nhG cdp phdt cho
mOi phdn t0 cUa mang déu bang vOi s6 ky tu cla chubi dai nhdt; Trong
khi do, néu khdi tao bang mang con tro thi lUOng 6 nhG s€ cdp phdt vira
du cho tlmg phan tU cla mang.
Truy cap t&i phan t& mdng:
Ten[0]== "Minh" tuong duOng ds[0]==""Minh"
Ten[1]== "Tuan" tuong duOng ds[1]==""Tuan"

Vi du 19: Dung mang chuli ten ch(fa d{t li€u, cho mdng con trd p trd vao
mang chuOi ten

#include <stdio.h>

#include <conio.h>

#include <string.h>

#include <stdlib.h>

#include <alloc.h>

void NhapMchuoi( char xau[][10],char *p[], int n);

void InMchuoi( char *p[], int n );

void SXMchuoi( char *p[], int n);

int Menu();

void main(void)

{

int n,chon;
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char ten[10][10];
char *p[10];
do
{ chon=Menu();
switch (chon)
{
case 1:
printf("\n nhap so luong ten <=10:");
scanf("%d",&n);

NhapMchuoi(ten,p,n);
break;
case 2:
InMchuoi(p,n);
getch();
break;
case 3:
SXMchuoi(p,n); break;
default: printf("\n Ban chon chua dung!");
}
} while (chon!=0); free(p);
}
int Menu()
{ int chon;
clrscr();

printf("\n MOT SO THUAT TOAN VE MANG CHUOI\n\n");
printf(" 1. Nhap ho ten\n");

printf(" 2. Hien danh sach ho ten\n");

printf(" 3. Sap xep ho ten\n");

printf(" 0. Thoat khoi chuong trinh\n");

printf(" Nhan so tuong ung de chon chuc nang:\n");

scanf("%d",&chon);
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return (chon);
}
void NhapMchuoi(char xau[][10],char *p[], int n)
{ int1; char x[10];
fflush (stdin);
for (1I=0;1<n; i++)
{
printf("\n Nhap chuoi thu %d ",1);
gets(xau[i]);p[i]=xau[i];

}
}
void InMchuoi( char *p[], int n)
{
int i;
for i=0;1<n ;i1++)
puts(p[i]);
}
void SXMchuoi( char *p[], int n)
{ int1, j;
char *tg;
for (1=0; i<n-1; 1++)
for (j=1+1; j<n; j++)
if (stricmp (p[i],p(j]) >0)
{
tg=plil;
plil=p[jl;
pljl=tg;
}
}

Vi du 20: Dung mang con tré chubi p d€ chlra xau ky tu
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/%thay ham nhapMCTchuoi vao churong trinh trén va chay thtr, nh@n xét
két qua/
void NhapMCTchuoi(char *p[], int n)
{ char x[10];
nt 1;
fflush (stdin);
for 1=0;1<n ;1++)
{ plil=(char*)malloc(10 * sizeof(char));
printf("\n Nhap chuoi thu %d ",1);
gets(x); strepy(pl[il,x);
}
} /%4 luu ¥ ding ham free(p) gidi phong bO nh& ddng trudc khi két thiic
chuong trinh */
4.5. Con tr0 va ki€u cau tric.
a. Con tr® cau tric (con tr® ban ghi):
- Trong C c6 2 cich dinh nghfa cdu tric mOt ban ghi d6 14 dung
struct va typedef struct :

struct Date

{
unsigned char day;
unsigned char month;
unsigned int year;

b

Hodc typedef struct

{
unsigned char day;
unsigned char month;
unsigned int year;

} Date;
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- Dinh nghia 2 ban ghi 10ng nhau. Gid st d€ 1uu tr(t thong tin vé moOt
sinh vién c6 st dung ki€u Date 1Uu thong tin ngay sinh nhu sau:
struct SinhVien
{
char Hten [35];
struct Date Ngsinh; /*sUF dung ki€éu Date dugc dinh nghia
O cdch 1%/
float LaptrinhCB, KientrucMT, MangMT, DiemTB;
}svl, sv2; //sv1, sv2 la 2 bién ban ghi SinhVien
Hoac
typedef struct SinhVien

{
char Hten [35];
Date Ngsinh; /%5t dung kiéu Date duoc dinh nghia 0
cdch 2%/
float TinDC, LaptrinhCB, KientrucMT, MangMT, DiemTB;
}s1,s2; /%51, s2 va SinhVien la cdc ki€u ban ghi

¢ c@u triic gibng nhau*/

- Khai b4o bi€n bdn ghi va bi€n con trd bdn ghi:

Theo cdch 1:

struct SinhVien sv, *p;

Theo cdch 2:

SinhVien sv, *p;

Vié€c khai bdo mOt bi€n con tré ki€u ban ghi cling tUong tU nhU khai bao

mOt bién con trd cé ki€u d{f liéu khdc, tUc 1a dat thém dau * vao trudc tén
bién.

Cu phép: struct <Tén cau tric> * <Tén bi€n con tré>;
//theo dinh nghia cdch 1
Hay <Tén cau tric> * <Tén bi€n con tré>;

//theo dinh nghia cdch 2
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- Truy cap tdi tUng phan tU (tUng truOng) ban ghi:
DOi vOi bién ban ghi: Dung ddu cham (.) d€ phan cach gilra tén bién
bdn ghi va tén bién truOng
<Tén bi€n ban ghi>.<Tén bi€n truGng> ;
Vi du: sv.Hten="Nguyen Tuan Nghia”
D06i vGi bi€n con tr0 ban ghi: Dung ddu -> (12 ddu — va ddu >) d€ phan
cach gi(ra tén bi€n con trd® ban ghi va t&n bi€n truGng
<Tén bi€n con tr ban ghi> -> <Tén bi€n trudng>;
Hay (*<Tén bi€n con tr® ban ghi>) . <Tén bi€n trudng>;

Vidu:
p=&sv; // cho con trO p trO vao ving nhd cUa bién sv
printf(“ %s”,p->Hten); //truy nh@p qua con trQ
Hay
printf(‘‘ %s”,(*p).Hten); //truy nh@p qua ving nh@ con tro

Ta ciing c6 th€ sU dung phép toan * d€ truy cap vung dit li€u dang
dugc quan 1y bdi con trd cau tric d€ 18y thong tin can thiét.
- Cap phat ddng cho bi€n con trd bdn ghi: Ciing dung ham malloc()
hoac
calloc d€ cap phit.
p=(struct SinhVien*)malloc(sizeof(struct SinhVien));
hay
p=(SinhVien*)malloc(sizeof(SinhVien));
Vi du 21: SU dung con trd ban ghi viét ham nhap va ham xudt gia tri cla
mOt ban ghi sinh vién.
//Khai bdo tién xU Iy
#include<string.h>
#include<conio.h>
#include<stdio.h>
#include<alloc.h>
//dinh nghia ban ghi Date
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typedef struct
{ unsigned char day;
unsigned char month;
unsigned int year;
} Date;
//dinh nghia ban ghi SinhVien
struct SinhVien
{ char Hten [35];
Date Ngsinh;
float LaptrinhCB, KientrucMT, MangMT, DiemTB;
b
// Binh nghia ham nhapSinhVien
void NhapSinhVien (struct SinhVien *p)

{ char ht[35]; unsigned char d; unsigned int n; float diem;
fflush(stdin); //ham xéa ving dém ban phim
printf("\n Ho ten: "); gets(ht) ; strcpy(p->Hten,ht);

//Nh@p ngay, thdng, ndm sinh cUa sinh vién
printf("ngay sinh: "); scanf("%u", &d); p->Ngsinh.day=d;
printf("thang sinh: "); scanf("%u", &d); p->Ngsinh.month=d;
printf("nam sinh: ");  scanf("%u", &n); p->Ngsinh.year=n;
//Nh@p di€m cho sinh vién
printf("Diem Lap trinh CB: "); scanf("%f", &diem); p->LaptrinhCB=diem;
printf("Diem Kien truc MT: "); scanf("%f", &diem); p->KientrucMT)=diem:;
printf("Diem Mang MT: "); scanf("%f",&diem); p->MangMT=diem;
//Tinh di€m trung binh
p->DiemTB=( p-> LaptrinhCB+ p-> KientrucMT+ p-> MangMT )/3;
}
//Pinh nghia ham hién théng tin vé mOt ban ghi sinh vién
void HienSinhVien (struct SinhVien *p)
{ //hi€n thong tin sinh vién

printf ("\n Sinh vien %35s”, p->Hten);
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printf ("\n sinh ngay %?2d thang %2d nam %4d “, p->Ngsinh.day,
p-> Ngsinh.month, p->Ngsinh.year);
printf ("\n Diem Lap trinh CB : %4.1f”, p->LaptrinhCB);
printf ("\n Diem Kien truc MT : %4.1f”, p->KientrucMT);
printf ("\n Diem Mang MT : %4.1f”, p->MangMT);
printf ("\n Diem TB : %4.1f”, p->DiemTB);
getch();
}
//Dinh nghia ham main()

int main(void)

{ clrscr;
struct SinhVien *p, sv; /*khai bdo bién con tr0 kiéu ban ghi
SinhVien™*/
p=&sv; //cho con trQ p tr0 vao ving nh& bién sv
// hodc p=(struct SinhVien*)malloc(sizeof{(struct SinhVien));
NhapSinhVien(p) ; //g0i ham NhapSinhVien
printf(“n HIEN THONG TIN CHO MOT SINH VIEN:”);
HienSinhVien (p); // GOi ham hienSinhVien
//hodc free(p);
return(0);

V/két thiic ham main.
b. Con trd mang ban ghi
- Khai bdo bién mdng ban ghi va bi€n con tré mang ban ghi:
Theo cdch I:
struct SinhVien ds[100], *p;
Theo cdch 2:
SinhVien ds[100], *p;
Khai bdo bi€n con tré mang ban ghi ciing gidng nhu khai bdo m&t bi€n con
tr® ban ghi, tUc 13 dat thém dau * vio trudc tén bi€n.
- Truy cap tGi phan t& cla mang ban ghi va trudng:

DOi vOi bién mang ban ghi:
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<Tén bi€n ban ghi>[chi s& phan tl].<Tén bi€n trudng> ;
Vi du: ds[1].Hten="Nguyen Tuan Nghia”;
ds[2]=ds[1];
Do6i vOi bién con tr6 mang ban ghi
<Tén bi€n con tr® ban ghi>[ chi s6 phan tl] . <Tén bi€n trudng>;
Hay (*(<Tén bi€n con trd ban ghi> + < chi sO phan t>)) . <Tén bi€n

truOng>;
Hay (<Tén bi€n con tr® ban ghi> + < chi s phan tl>) -> <Tén bi€n
truOng>;
Vi du:
p=ds; // cho con trO p trO vao ving nh cUa bi€n ds
printf(* %s”,p[1].Hten); //truy nh@p qua con tro
Hay
printf(“ %s”,(*(p+1)).Hten); //truy nh@p qua ving nh® con tro
hay
(p+i)-> LaptrinhCB= 9; /ftruy c@p theo ki€u ban ghi

Ta phdi thém chi s6 ph@n tt vao sau tén bién ban ghi
- Cap phat ddng cho bi€n con trd bdn ghi: Ciing dung ham malloc()
hodc calloc d€ cap phat
p=(struct SinhVien*)malloc(n*sizeof(struct SinhVien));
hay
p=(SinhVien*)malloc(n*sizeof(SinhVien));
n 12 sO lugng ban ghi yéu cau dugc cap phit
Vi du 22: SU dung con trd mdng bdn ghi viét ham nhap va ham xudt gi4 tri
cUa mOt ban ghi sinh vién
//Khai bdo tién xU ly
#include<string.h>
#include<conio.h>
#include<stdio.h>

#include<alloc.h>
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//dinh nghia ban ghi Date
typedef struct
{ unsigned char day;
unsigned char month;
unsigned int year;
} Date;
//dinh nghia ban ghi SinhVien
struct SinhVien
{ char Hten [35];
Date Ngsinh;
float LaptrinhCB, KientrucMT, MangMT, DiemTB;
b
// Dinh nghia ham nhapDSSV
void NhapDSSYV (struct SinhVien *p, int n)
{ char ht; unsigned char d; unsigned int nam; float diem;
for (int 1=0; i<n; i++)
{  fflush(stdin); //ham xéa ving dém ban phim
printf("\n Ho ten: "); gets(ht); strcpy(p[i].Hten,ht);
//Nh@p ngay, thdng, ndm sinh cUa sinh vién
printf("ngay sinh: "); scanf("%d",&d); p[i].Ngsinh.day=d;
printf("thang sinh: "); scanf("%d", &d ); p[i]. Ngsinh.month=d;
printf("nam sinh: "); scanf("%d",&nam);
pli].Ngsinh.year=nam;
//Nh@p di€m cho sinh vién
printf("Diem Lap trinh CB: "); scanf("%t", &diem);
pli].LaptrinhCB=diem;
printf("Diem Kien truc MT: "); scanf("%f", &diem);
pli].KientruceMT=diem;
printf("Diem Mang MT: "); scanf("%f", &diem);
pli]l. MangMT=diem;

//Tinh di€m trung binh
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pli].DiemTB=( p[i]. LaptrinhCB+ p[i]. KientrucMT+ p[i]. MangMT )/3;

}//két thiic ham nhapSinhVien

//Pinh nghia ham hién thong tin vé mOt mang ban ghi sinh vién

void HienSinhVien (struct SinhVien *p, int n)

{ for (int i=0; i<n; i++)
//hién théng tin sinh vién
{ printf ("\n Sinh vien %35s”, (*(p+1)).Hten);
printf ("\n sinh ngay %?2d thang %2d nam %4d “,p[i].Ngsinh.day,
pli]. Ngsinh.month, [1].Ngsinh.year);
printf ("\n Diem Lap trinh CB : %4.11”, (p+1)->LaptrinhCB);
printf ("\n Diem Kien truc MT : %4.1f”, (p+i)->KientrucMT);
printf ("\n Diem Mang MT : %4.1f”, (p+)->MangMT);
printf ("\n Diem TB : %4.1f”, (p+1)->DiemTB);
getch();
/K6t thiic ham

//Dinh nghia ham main()

int main(void)

{ int n; clrscr();
struct SinhVien *p;  //khai bdo bi€n con trO mang ban ghi SinhVien
printf(“nhap so luong sv:”); scanf(“%d”,&n);

p=(struct SinhVien*)calloc(n,sizeof(struct SinhVien));

NhapDSSV(p,n) ; //g0i ham NhapDSSV
printf(‘“\n HIEN THONG TIN CHO MOT SINH VIEN:”);
HienDSSV (p,n); // GOi ham hienDSSV
free(p);

return(0);

V/két thiic ham main.
Vi du 23: SU dung cac ham nhdp va hién mét sinh vién dé viét ham
nhap va hién mot danh sach sinh vién

//dinh nghia ham nh@p mOt danh sdch sinh vién
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void nhapdssv(SinhVien *p, int n)

{ for (int i=0; i<n; 1++)
NhapSinhVien((p+i));

}

//dinh nghia ham hién mOt danh sdch sinh vién

void hiendssv(SinhVien *p, int n)

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

}

//dinh nghia ham main

int main(void)

{ clrscr;
SinhVien *p;
int n=3;
p=(SinhVien*)malloc(3*sizeof(SinhVien));
nhapdssv(p,n) ; //g01 ham NhapSinhVien
printf("\n HIEN THONG TIN CHO MOT SINH VIEN:");
hiendssv(p,n); // GO1 ham hienSinhVien
return(0); free(p);

}//két thiic ham main.
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PHU LUC 2
1) Chuong trinh quan ly di€m sinh vién dugc cai dat bang danh sach lién
két don.
#include <stdio.h>

#include <conio.h>
#include <alloc.h>
#include <string.h>
//Dinh nghia ban ghi Date
typedef struct
{ unsigned char day;
unsigned char month;
unsigned int year;
} Date;
//Dinh nghia ban ghi SinhVien
typedef struct
{ char Hten [35];
Date Ngsinh;
float LaptrinhCB, KientrucMT, MangMT, DiemTB;
}SinhVien,;
typedef SinhVien ElementType;
struct node
{ ElementType info;
struct node* link;
};
typedef struct node* listnode;
// Dinh nghia ham nhapSinhVien
void NhapSinhVien (SinhVien *p)
{ float f; char ht[35];
unsigned char d;

unsigned int n;
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fflush(stdin); /ham xoa vung dem ban phim
printf("\n Ho ten: ");
gets(ht);strcpy(p->Hten,ht);
//Nhap ngay, thang, nam sinh cua sinh vién
printf("ngay sinh: ");
scanf("%d",&d); p->Ngsinh.day=d;
printf("thang sinh: ");
scanf("%d",&d); p->Ngsinh.month=d;
printf("nam sinh: ");
scanf("%d",&n); p->Ngsinh.year=n;
//Nhap diem cho sinh vién
printf("Diem Lap trinh CB: ");
scanf("%f",&f); p->LaptrinhCB=f;
printf("Diem Kien truc MT: ");
scanf("%t",&f);p->KientrucM T=f;
printf("Diem Mang MT: ");
scanf("%t",&f); p->MangMT=f;
//Tinh diem trung binh
p->DiemTB=(p->LaptrinhCB+p->KientrucMT+p->MangMT)/3;
}
//Dinh nghia ham hien thong tin mot ban ghi sinh vien
void HienSinhVien (SinhVien sv)
{ //hien thong tin sinh vién
printf ("\n Sinh vien %35s", sv.Hten);
printf ("\n sinh ngay %2d thang %2d nam
sv.Ngsinh.day,sv.Ngsinh.month, sv.Ngsinh.year);
printf ("\n Diem Lap trinh CB : %4.1{", sv.LaptrinhCB);
printf ("\n Diem Kien truc MT : %4.1{", sv.KientrucMT);
printf ("\n Diem Mang MT : %4.1f", sv.MangMT);
printf ("\n Diem TB : %4.1{", sv. DiemTB);

getch();
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// ham khGi tao danh sdch rOng
void Initialize (listnode *p)
{
*P=NULL,;
}
// ham tao nut moi
listnode newnode (ElementType SV)
{ listnode q;
g=(listnode)calloc (1,sizeof(struct node));
g->info=sv;
g->link = NULL;
return (q);
}
//ham chen truoc nut dau
void Insertfirst ( listnode *p, ElementType X)
{ listnode q;
g= newnode(x);
if (*p==NULL)
“P=q;
else
{ g->link="*p;
*p=q;

}

// ham chen truoc nut cuoi
void InsertEnd ( listnode *p, ElementType Xx)
{ listnode g, m;
g= newnode(x);

if (*p==NULL)
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*p=q;

else
{  m=*p;
while (m->link != NULL)
m=m->link;
m->link=q;
}

}

//ham chen truoc mot nut bat ky

void InsertBefor ( listnode *p, listnode r, ElementType x)

{ listnode g, m;

if (r == *p)
Insertfirst(p,x);

else

{ g= newnode(x);
m="*p;
while (m->link !=r)

m=m->link;

g->link=r;
m->link=q;

}

}

//ham chen sau mot nut bat ky
void InsertAfter ( listnode *p, listnode r, ElementType Xx)
{ listnode q;
if (*p==NULL)
printf("Danh sach rong");
else
{ g= newnode(x);
g->link = r->link;

r->link = q;
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//ham xoa mot nut r
void DeleteNode ( listnode *p, listnode r)
{ listnode m;
if (*p == NULL)
printf (" DANH SACH RONG");

else
if (r == *p)
{ *p=(*p)->link;
free(r);
}
else
{  m=%p;

while (m->link !=r)
m=m->link;
m->link=r->link;

free(r);

}

//ham tim nut co gia tri truong info=x
listnode SearchNode ( listnode p, char x[])
{ listnode m;
if (p == NULL)
printf (" DANH SACH RONG");

else
{ m=p;
while (m !=NULL)
if (stricmp(x,m->info.Hten)==0)
return (m);

else
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m=m->link;

}
return (NULL);

//ham tao dsnd
void CreateList(listnode *p)
{ char kt;
SinhVien sv;
do
{
NhapSinhVien (&sv);
InsertEnd(p,sv);
printf("ban nhap tiep khong c/k: ");
fflush(stdin); kt=getchar();
}while (kt!="k");
}
//ham duyet dsnd
void Browselist(listnode p)
{ listnode q;
SinhVien sv;
q=p;
printf("Danh sach noi don:\n");
while (q!=NULL)

{
sv=q->info;
HienSinhVien(sv);
g=q->link;
}
getch();
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}

//ham menu
int menu()
{ int chon;
clrscr();
printf("\n MOT SO THUAT TOAN VE DANH SACH NOI DON\n\n");
printf(" Nhan so tuong ung de chon chuc nang:\n");
printf(" 1. Khoi tao danh sach \n");
printf(" 2. Nhap cac phan tu cho danh sach\n");
printf(" 3. In cac phan tu cua danh sach\n");
printf(" 4. Tim mot phan tu cua danh sach\n");
printf(" 5. Bo sung mot phan tu vao sau mot phan tu \n");
printf(" 6. Bo sung mot phan tu vao truoc mot phan tu\n");
printf(" 7. Xoa mot phan tu cua mang\n");
printf(" 0. Thoat khoi chuong trinh\n");
printf(" Nhap so tuong ung: ");
scanf("%d",&chon);
return (chon);
}
//ham chinh main
void main()
{listnode *p,q;
int chon;
char ht[30];
char kt;
ElementType sv;
do
{ chon=menu();
switch (chon)

{

case 1:
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Initialize(p);

break;
case 2:
CreateList(p);
break;
case 3:
printf("\n Cac phan tu co trong danh sach:\n\n") ;
Browselist(*p);
getch();
break;
case 4:
printf ("\n Nhap HT can tim: ");
fflush(stdin); gets(htl);
g=SearchNode(*p,ht1);
if (q!=NULL)
printf("\n Tim thay phan tu trong Danh sach");
else
printf("khong tim thay phan tu trong danh
sach");
getch();
break;
case 5:

printf ("\n Nhap SV moi: ");

NhapSinhVien(&sv);
printf ("\n Nhap HT de tim vt chen sau: ");

fflush(stdin);gets(htl);
q=SearchNode(*p,htl);
if (q==NULL)

printf("\n Khong tim thay phan tu trong
DS\n");

else
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{

//q la con tro chua vi tri nut tim thay o tren

InsertAfter(p,q,sv)
printf(" Da bo sung phan tu \n");
getch();
}
break;

case 6:
printf ("\n Nhap HT moi: "); NhapSinhVien(&sv);
printf ("\n Nhap HT de tim vt chen truoc: ");
fflush(stdin); gets(htl);
g=SearchNode(*p,ht1);
if (qg==NULL)
printf("\n Khong tim thay phan tu trong DS\n");
else
{
//q 1a con tro chua vi tri nut tim thay o tren
InsertBefor(p,q,sv);
printf(" Da bo sung phan tu \n");

} getch();
break;

case 7:
printf ("\n Nhap ht Sinh vien can xoa: "); fflush(stdin);
gets(htl);
g=SearchNode(*p,htl);
if (q==NULL)
printf("\n Khong tim thay phan tu can xoa\n");
else
{ DeleteNode(p,q);

printf(" Da xoa phan tu \n");
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} getch();
break;

default: printf ("\n ban chon sai roi! ");
}
} while (chon!=0);
V/ket thuc ham main
2) Chuong trinh chuyén d6i mot s6 hé 10 sang hé 2. S dung céc thao tic
cUa Stack cai dat bang danh sich lién k€t don d€ viét chuong trinh
#include <stdio.h>
#include <conio.h>
#include<alloc.h>
//Pinh nghia ki€u phdn tt
typedef int ElementType;
struct node
{ ElementType info;
struct node* link;
b
typedef struct node* Stacknode;
typedef struct
{
Stacknode top;
} Stack;
//Dinh nghia ham khOi tao Stack rong
void Initialize (Stack *S)
{
S ->top=NULL;
b
//Dinh nghia ham ki€m tra Stack cé rOng khong?
int Empty(Stack S)
{
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return (S.top==NULL);

//Pinh nghia ham d&y mOt niit vao Stack
void GetNode ( Stack *S, ElementType x)
{ Stacknode q;
g=( Stacknode) malloc (sizeof(struct node));
g->info=x;
g->link=S->top;
S->top=q;

//Pinh nghia ham 18y mOt niit khGi Stack
void RemoveNode( Stack *S, ElementType *x)
{ Stacknode q;
if (Empty(*S))
printf("\n Stack rong");
else
{ qg=S->top;
*x=q->info;
S->top=q->link;
free(q);

}
/*Pinh nghia ham chuén doi s6 hé 10 sang hé 2 va dua tling chit s6 hé 2
vao Stack*/

void doiso(Stack *S, ElementType x)

{
while (x!=0)

GetNode ( S, x%?2);
X=X/2;

186



}
/*Pinh nghia ham 18y tUng chr s6 hé 2 va in ra man hinh*/
void inra (Stack *S)
{ ElementType Xx;
while (!Empty(*S))

RemoveNode(S,&x);
printf("%d" x);

//Binh nghia ham main
void main()
{
Stack *S;
ElementType x;
Initialize (S);
printf("nhap so he 10:");scanf("%d",&x);
doiso(S,x);
inra (S);

getch();

}

}
3) Chuong trinh cai dat céc gidi thudt sap x€p va tim ki€m v6i danh sach

sinh vién dugc cai dat bang mang

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

const int maxlist=100;

//dinh nghia ban ghi SinhVien

struct SinhVien
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{ char masv[10];

char Hten [35];

float LaptrinhCB, KientrucMT, MangMT, DiemTB;
};
typedef SinhVien Item:;

typedef struct list

{ Item element|[maxlist];
int count;

b

// ham khoi tao danh sach rong
void initializeList (list *L)
{

L->count=0;

// ham kiem tra danh sach co rong khong?
int EmptyList(list L)
{

return (L.count==0);

// ham kiem tra danh sach co day khong?
nt FullList(list L)
{

return (L.count==maxlist);
}
//ham bo sung sinh vien x vao vi tri pos
void insertElement (list *L, int pos, Item x)
{

nt 1;

if (FullList (*L))

printf("Danh sach day!");

else
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if ((pos <0) Il ( pos>=maxlist ))
printf("\n V1 tri chen khong phu hop");

else
{
for (i=L->count;i>=pos;i--)
L-> element [i+1]= L-> element [i];
L-> element [pos]=x;
L->count++;
}

// ham tao danh sach
void NhapSinhVien (SinhVien *p)
{ float f; char ht[35],ma[10];
unsigned char d; unsigned int n;
fflush(stdin); //ham xo0a vung dem ban phim
printf("\n ma sinh vien: ");
gets(ma);strcpy(p->masv,ma);
printf("\n Ho ten: ");
fflush(stdin);gets(ht);strcpy(p->Hten,ht);
//Nhap diem cho sinh vién
printf("Diem Lap trinh CB: ");
scanf("%t",&f); p->LaptrinhCB=f;
printf("Diem Kien truc MT: ");
scanf("%f",&f); p->KientrucMT=f;
printf("Diem Mang MT: ");
scanf("%ft",&f); p->MangMT=f;
//Tinh diem trung binh
p->DiemTB=( p-> LaptrinhCB+ p-> KientrucMT+ p-> MangMT )/3;
}
//ham hien thong tin mot ban ghi sinh vien

void HienSinhVien (SinhVien sv)
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printf ("\n Ma sinh vien %10s", sv.masv);
printf ("\n Sinh vien %35s", sv.Hten);
printf ("\n Diem Lap trinh CB : %4.1f", sv.LaptrinhCB);
printf ("\n Diem Kien truc MT : %4.1f", sv.KientrucMT);
printf ("\n Diem Mang MT : %4.1f", sv.MangMT);
printf ("\n Diem TB : %4.1f", sv. DiemTB);
getch();

}

// ham tao danh sach sinh vien
void CreateList (list *L)
{ int 1=0;
char kt;
Item sv;
do
{  printf("nhap phan tu thu %d:",i+1);
NhapSinhVien(&sv);
L->element|[i]=sv;
L->count++;i++;
printf("ban nhap tiep khong c/k? ");
fflush(stdin);kt=getchar();
}
while (kt!='k');
}

//ham in danh sach sinh vien ra man hinh
void PrintList(list L)
{ int 1;
if (EmptyList(L))
{ printf("Danh sach rong");

return;

}
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for (1=0; i<L.count;i++)
HienSinhVien(L.element[i]);
}
// ham InsertionSort sap xep danh sach theo ho ten
void InsertionSort (list *L)
{int 1i,j;
Item temp;
for (i=1 ; i<L->count; i++)
{ temp=L->element[i];
j=1-1;
while ((5>=0) &&
(stricmp(temp.Hten,L->element[j].Hten)>0))
{
L->element[j+1] = L->element[j];
J-
}

L->element[j+1]=temp ;

}

//ham SelectionSort sap xep theo ho ten
void SelectionSort (list *L)
{int 1,j, m;
Item temp;
for (i=0 ; i<L->count-1; i++)
{ m=i;
for (j=1+1 ; j<L->count; j++)
if (stricmp(L->element[i].Hten,L->element[j].Hten)>0)
m=j;
temp=L->element[i];
L->element[i]=L->element[m];

L->element[m]=temp ;
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}

// ham InterchangeSort sap xep theo ho ten
void InterchangeSort(list *L)
{ int1, j;
SinhVien temp;
for ( 1=0; i<L->count-1;i++)
for ( j=1+1;)< L->count ;j++)
if (stricmp(L.->element[i].Hten,L->element[j].Hten)>0)
{ temp=L->element[i];
L->element[i]= L->element[j];

L->element[j]=temp ;

}
//ham BubleSort sap xep theo ho ten

void BubleSort (list *L)
{ int 1, j;

Item temp;

for (i=0 ; i<L->count-1; i++)

for (j=L->count-1 ; j<=i+1; j--)
if (stricmp(L->element[i].Hten,L->element[j].Hten)>0)
{ temp=L->element[j];
L->element[j]=L->element[j-1];

L->element[j-1]=temp ;

}
// ham QuickSort sap xep theo ho ten

void QuickSort(list *L, int left, int right)
{ int 1,];
Item key,temp;

key= L->element[left];
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1 = left; j = right;

do
{ while ((stricmp(L->element[i].Hten, key.Hten)<0) && (i <=
right))
1++;
while ((stricmp(L->element[j].Hten, key.Hten)>0) && (j >=left))
J-
if(i <=j)
{
temp=L->element][i];
L->element[i]=L->element[j];
L->element[j]=temp;
++; j--;
}
} while(i <=j);
if(left<j)
QuickSort(L, left, j);
if(i<right)

QuickSort(L, 1, right);
}

//ham QuickSort sap xep theo masv
void QuickSortMSV((list *L, int left, int right)
{ it 1,];
Item key,temp;
key= L->element[left];
1 = left; j = right;
do
{
while ((stricmp(L->element[i].masv,key.masv)<0) && (1 <= right))
1++;
while ((stricmp(L->element[j].masv,key.masv)>0) && (j >=left))
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Js
if(i <=j)
{
temp=L->element[i];
L->element[i]=L->element[j];
L->element[j]=temp;
1++ 5 J--;
}
} while(i <=);
if(left<j)
QuickSort(L, left, j);
if(i<right)
QuickSort(L, 1, right);

}

// ham Sequen-Search tim kiem theo masv

int Sequen_Search(list L, char X[])

{ int 1=0;
for (1=0; i<L.count; i++)

if (stricmp(X,L.element[i].masv)==0)
return (1);
return (-1);

}

/* ham Sequen_Search theo cach 2

int Sequen_Searchl1(list L, char X[])

{ int 1;
strcpy(L.element[L.count].masv,X);
while (stricmp(X,L.element[i].masv)!=0)

1++;
if (i<L.count)
return (1);

else
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return (-1);
¥
//ham BinarySearch tim kiem theo masv
int BinarySearch (list L, char X[])
{ int mid, left=0, right=L.count-1;
do
{
mid=(left+right)/2;
if (stricmp(X,L.element[mid].masv)==0)
return (mid);
else
if (stricmp(X,L.element[mid].masv)<0)
right=mid-1;
else
left=mid+1;
} while(left<=right);

return -1;

//ham menu
int menu()
{ int chon;

clrscr();
printf("\n MOT SO GIAI TOAN VE SAP XEP VA TIM KIEM\n\n");
printf(" Nhan so tuong ung de chon chuc nang:\n");
printf(" 1. Khoi tao danh sach \n");
printf(" 2. Nhap cac phan tu cho danh sach\n");
printf(" 3. In cac phan tu cua danh sach\n");
printf(" 4. ham InsertionSort sap xep theo ho ten\n");
printf(" 5. ham SelectionSort sap xep theo ho ten\n");
printf(" 6. ham InterchangeSort sap xep theo ho ten\n");

printf(" 7.ham BubleSort sap xep theo ho ten \n");
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printf(" 8.ham QuickSort sap xep theo ho ten \n");
printf(" 9 ham Sequen-Search timf kiem theo masv\n");
printf(" 10 ham BinarySearch tim kiem theo masv \n");
printf(" 0. Thoat khoi chuong trinh\n");

printf(" Nhap so tuong ung: "); scanf("%d",&chon);

return (chon);

//ham chinh main
void main()
{list *L,*M;
int chon,pos, n;
char mal[10];
do
{ chon=menu();

switch (chon)

{

case 1:
initializeList(L);
break;

case 2:
CreateList(L);M=L;
break;

case 3:
printf("\n Cac phan tu co trong danh sach:\n\n") ;
PrintList(*L);
getch();
break;

case 4:
L=M;

InsertionSort (L);

printf(" Da sap xep theo ho ten\n");
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getch();
break;
case 5:
L=M;
SelectionSort (L);
printf(" Da sap xep theo ho ten\n");
getch();
break;
case 6:
L=M;
InterchangeSort (L);
printf(" Da sap xep theo ho ten\n");
getch();
break;
case 7:
L=M;
BubleSort (L);
printf(" Da sap xep theo ho ten\n");
getch();
break;
case 8:
L=M;
QuickSort (L,0,L->count-1);
printf(" Da sap xep theo ho ten\n");
getch();
break;
case 9:
L=M;
printf(" Nhap ma sinh vien can tim: ");
fflush(stdin); gets(ma);

pos= Sequen_Search(*L,ma);
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if (pos==-1)
printf("khong tim thay masv %s\n", ma);

else
printf(" Da tim thay masv %s tai vi tri
J0d\n",ma,pos);
getch();
break;
case 10:

QuickSortMSV(L,0,L->count-1 );
printf(" Nhap ma sinh vien can tim: ");
fflush(stdin); gets(ma);
pos= BinarySearch (*L,ma);
if (pos==-1)
printf("khong tim thay masv %s\n", ma);

else
printf(" Da tim thay masv %s tai vi tri %d\n",ma,pos);
getch();
break;
default: printf ("\n ban chon sai roi! ");

}
} while (chon!=0);
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