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Chuong 1: TONG QUAN VE CAU TRUC DU LIEU VA GIAI THUAT

1.1. TAm quan trong cua cdu truc di liéu va gidi thuat trong moét
dé an tin hoc

1.1.1. Xay dung cdu tric dud 1iéu

C6 thé noéi rang khéng c6 mét chuong trinh may tinh nao ma khéng cé dir lieu dé xi ly.
Dt liéu cé thé la di liéu dua vao (input data), dif liéu trung gian hoac di liéu dua ra
(output data). Do vay, viéc t6 chiic dé luu trit di liéu phuc vy cho chuong trinh c6 y
nghia rat quan trong trong toan bé hé théng chucng trinh. Viéc xay dung c&u trac di
liéu quyét dinh rat I6n dén chat lugng ciing nhu céng slic cuia ngudi lap trinh trong viéc
thiét k&, cai dat chuong trinh.

1.1.2. X4y dung gidi thudt

Khai niém giai thuat hay thuat giai ma nhiéu khi con dudc goi la thuat toan dung dé chi
phuong phap hay cach thiic (method) dé gidi quyé&t van dé. Giai thuat cé thé dugc minh
hoa bang ngén ngl tu nhién (natural language), bang sé dé (flow chart) hodac bang ma
gid (pseudo code). Trong thuc té&, giadi thuat thudng dugc minh hoa hay thé hién bang
ma gia tya trén mot hay mot s6 ngén ngld lap trinh nao dé (thudng la ngén ngd ma
ngudi lap trinh chon dé cai dat thuat toan), chdng han nhu C, Pascal, ..

Khi da xac dinh dugc céu trac di liéu thich hgp, ngusi lap trinh sé bét dau ti€n hanh
xay dung thuat giai tuong Ung theo yéu cau cua bai toan dat ra trén cd sé cda céu trac
dir liéu da dugc chon. Dé gidi quyét mot van dé co thé cé nhiéu phuong phap, do vay
su lya chon phuong phap phu hgp 1a moét viec ma ngudi lap trinh phai can nhéc va tinh
toan. Su lya chon nay ciing c6 thé gép phan dang ké trong viéc gidm bét cong viéc
cla ngudi lap trinh trong phan cai dat thuat toan trén mot ngén ngi cu thé.

1.1.3. M6i quan hé gitda cdu tric did 1iéu va gidi thudt

M&i quan hé giita cau trac dit liéu va Gidi thuat cé thé minh hoa bang déng thic:

C&u trac di lieéu + Giai thuat = Chuong trinh
Nhu vay, khi da cé céu tric di liéu tét, ndm vitng giai thuat thyc hién thi viéc thé hién
chuong trinh bdng mét ngén ngl cu thé chi la van dé thsi gian. Khi cé cau trac di liéu
ma chua tim ra thuat giai thi khoéng thé cé chuong trinh va ngugc lai khéng thé cé
Thuat giai khi chua cé cau trac di liéu. Mot chuong trinh may tinh chi cé thé dugc hoan
thién khi c6 day da cd Cau trac di liéu dé luu trir di lieu va Gidi thuat x& ly di liéu
theo yéu cau cua bai toan dat ra.
1.2. Danh gia cau truc di liéu va giai thuat
1.2.1. Céc tiéu chudn dédnh gid cdu tric dud 1iéu

Pé danh gia mot cdu tric di liéu ching ta thudng dua vao mét sé tiéu chi sau:

- C4u trac du lieu phai tiét kiém tai nguyén (bé nhé trong),
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- C4u trac du lieu phai phan anh dang thuyc té€ cua bai toan,

- C&u trac di liéu phai dé dang trong viéc thao tac dir liéu.
1.2.2. Padnh giada dé phuc tap cua thudt todn

Viéc danh gia do phuic tap cia mot thuat toan qua khong dé dang chuat nao. G day,
ching ta chi muén uéc lugng thdi gian thyc hién thuan toan T(n) dé cé thé cé su so
sanh tucng déi gila cac thuat toan véi nhau. Trong thuc t€, thdi gian thyc hién mot
thuat toan con phu thudc rat nhiéu vao cac diéu kién khac nhu cdu tao cua may tinh,
d@ liéu dua vao, ..,  day ching ta chi xem xét trén mic do cua lugng di liéu dua vao
ban dau cho thuat toan thuc hién.

DPé udc lugng thai gian thuc hién thuat toan ching ta cé thé xem xét thdi gian thyc hién
thuat toan trong hai truéng hgp:

- Trong truéng hgp t6t nhat: Tmin
- Trong truéng hgp xau nhat: Tmax
Tu d6 ching ta c6 thé uéc lugng thdi gian thuc hién trung binh cta thuat toan: Tavg
1.3. Kiéu dd liéu
1.3.1. Khdai niém vé kiéu dd 1iéu
Kiéu d liéu T c6 thé xem nhu la sy két hgp cliia 2 thanh phan:
- Mién gia tri ma kiéu di liéu T c6 thé luu tri: V,
- Tap hgp cac phép toan dé thao tac di liéu: O.
T =<V, 0>

Méi ki€éu dir liéu thudng dugc dai dién bdi mot tén (dinh danh). Mbi phan t& di liéu cé
kiéu T sé& c6 gia tri trong mién V va cé thé dugc thuc hién cac phép toan thuoc tap hgp
cac phép toan trong O.

D& luu trid cac phan ti di liéu nay thudng phai t6n mét s6 byte(s) trong bé nhé, sé
byte(s) nay goi la kich thudc cta ki€u di liéu.

1.3.2. Cac kiéu di 1iéu co sé

Hau hét cac ngén ngi lap trinh déu cé cung cap cac kiéu di liéu co sd. Tuy vao mébi
ngén nglf ma cac kiéu di liéu co sé cé thé cé cac tén goi khac nhau song chung quy
lai c6 nhiing loai ki€u di liéu cd s nhu sau:
- Kiéu s6 nguyén: C6 thé cé ddu hoac khéng c6 ddu va thusng cé cac kich thuéc sau:
+ Kiéu s6 nguyén 1 byte
+ Kiéu s6 nguyén 2 bytes
+ Kiéu s6 nguyén 4 bytes

Kiéu s6 nguyén thudng dugc thuc hién véi cac phép toan: O = {+, -, *, /, DIV, MOD, <,

>, <=, >=, =, ..}
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- Kiéu s6 thyc: Thudng cé cac kich thuéc sau:

+ Kiéu s6 thuc 4 bytes

+ Kiéu sé thuyc 6 bytes

+ Kiéu s6 thuyc 8 bytes

+ Kiéu sé thyc 10 bytes
Kiéu sé thuc thuong dugc thuc hién véi cac phép toan: O = {+, -, *, /, <, >, <=, >=, =, ..}
- Kiéu ky tu: C6 thé cé cac kich thuéc sau:

+ Kiéu ky tu byte

+ Kiéu ky tu 2 bytes

Kiéu ky tu thudng dugc thuc hién véi cac phép toan: O = {+, -, <, >, <=, >=, =, ORD,
CHR, ..}

- Kiéu chudi ky tu: C6 kich thudc tuy thudc vao tiing ngén ngit lap trinh

Kiéu chudi ky tu thudng dugc thuc hién véi cac phép toan: O = {+, &, <, >, <=, >=, =,
Length, Trunc, ...}

- Kiéu luan ly: Thudng c6 kich thuéc 1 byte
Kiéu luan ly thusng dugc thyc hién véi cac phép toan: O = {NOT, AND, OR, XOR, <, >,
<=, >=, =, ..}

1.3.3. Cdc kiéu dit 1iéu cé cdu tric

Kiéu dif liéu cé cdu tric la cac kiéu di liéu duge xay dung trén co s cac kiéu dit lieu
da c6 (c6 thé lai la moét ki€u di lieu cé cau truc khac). Tuy vao tiing ngén ngi lap
trinh song thudng cé cac loai sau:

- Ki€u mang hay con goi la day: kich thuéc bang téng kich thuéc ctia cac phan ti

- Kiéu ban ghi hay c&u trac: kich thuéc bang téng kich thudc cac thanh phan (Field)

1.3.4. Kiéu did 1iéu con trd

Céac ngén ngi lap trinh thudng cung cdp cho chiing ta mét kiéu di liéu dac biét dé luu
trit cac dia chi ctia bé nhd, dé la con trd (Pointer). Tuy vao loai con tré gan (near
pointer) hay con tré xa (far pointer) ma ki€u di liéu con tré cé cac kich thuéc khac
nhau:

+ Con trd gan: 2 bytes

+ Con tré xa: 4 bytes
1.3.5. Kiéu did 1iéu tdp tin

Tap tin (File) c6 thé xem la mot ki€u di liéu dac biét, kich thudc téi da cda tap tin tay
thudéc vao khéng gian dia ndi luu trir tap tin. Viéc doc, ghi dU liéu truc ti€p trén tap tin
rat mat thgi gian va khéong bdo dédm an toan cho dir liéu trén tap tin dé. Do vay, trong
thuc t€, ching ta khéng thao tac tryc ti€p di liéu trén tap tin ma chung ta can chuyén
ting phan hoéc toan bd néi dung cuda tap tin vao trong boé nhé trong dé xu ly.
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Cau hdi va Bai tap

1

. Trinh bay tam quan trong cia C4au trac di liéu va Giai thuat déi véi ngudi lap trinh?

2.

Cac tiéu chuan dé danh gia cau tric di liéu va giai thuat?

. Khi xay dung giai thuat cé can thiét phai quan tam t&i cau truc du liéu hay khéng?

Tai sao?

. Liét ké cac kiéu dir liéu co sd, cac ki€u dir liéu cé cau tric trong C, Pascal?

5. S dung cac kiéu dir liéu co ban trong C, hay xay dung céu trac di liéu dé luu tri

trong b6 nhé trong (RAM) clia may tinh da thiic ¢ bac ty nhién n (0 < n < 100) trén
trudng sé thuc (a;, x € R):

ffm(x) = Zn: a x'

V6i céu truc di lieu duge xay dung, hay trinh bay thuat toan va cai dat chuong trinh dé

thuc hién cac céng viéc sau:
- Nhap, xuat cac da thiec.
- Tinh gia tri cda da thic tai gia tri xo nao do.

- Tinh téng, tich cuia hai da thtec.

. Tuong tu nhu bai tap 5. nhung da thic trong trudng s6 hitu ty Q (cac hé s6 a; va x la

cac phan s6 co td s6 va mau sé la cac s6 nguyén).

. Cho bang gid tau di tir ga Saigon dén cac ga nhu sau (ga cudi la ga Ha noi):

TAU PI S2 S4 S6 S8 S10 S12 S14 S16 S18 LH2 | SN2
HANH TRINH | 32 gis | 41 gis | 41 gis | 41 gid | 41 gid | 41 gis | 41 gis | 41 gis | 41 gi§ | 27gi§ | 10g30
SAIGON Bl | 21g00 | 21g50 | 11g10 | 15g40 | 10g00 | 12930 | 17g00 | 20g00 | 22920 | 13g20 | 18940
MUONG MAN 2g10 | 15g21 | 19g53 | 14907 | 16g41 | 21g04 | 1g15 3g16 | 17g35 |22g58
THAP CHAM 5g01 18g06 | 22g47 | 16g43 | 19919 | 0g08 4g05 6g03 | 20g19 | 2g15
NHA TRANG | 4g10 | 6g47 | 20900 | 0g47 | 18g50 | 21gl0 | 1g57 | 5g42 | 8906 | 22946 | 5g15
TUY HOA 9g43 | 23g09 | 3g39 | 21g53 | 0g19 5g11 8g36 | 10g50 | 2g10
DIEU TRI 8gl2 | 11g49 | 1g20 | 5g46 | 0g00 | 2930 7g09 | 10g42 | 13g00 | 4g15
QUANG NGAI 15g41 | 4g55 9g24 3g24 5g55 | 11g21 | 14g35 | 17g04 | 7g34
TAM KY 6gll 10g39 | 4g38 7g10 12g40 | 16g08 | 18g21 9g03
PA NANG 13927 | 19904 | 8929 | 12920 | 6919 | 9926 | 14941 | 17g43 | 20917 | 10g53
HUE 16g21 | 22942 | 12g29 | 15947 | 11gl2 | 14932 | 18913 | 21gl4 | 23950 | 1510
PONG HA 0gl4 | 13g52 | 17gl2 | 12g42 | 16g05 | 19g38 | 22g39 | 1g25
PONG HOI 19g15 | 2g27 15g52 | 19946 | 14g41 | 17g59 | 21g38 | 0g52 3g28
VINH 23g21 | 7g45 | 21g00 | 1g08 | 20gi12 | 23g50 | 2959 | 7g07 | 9920
THANH HOA 10g44 | 0g01 4g33 | 23g09 | 3g33 6g39 9g59 12g20
NINH BINH 12g04 | 1g28 5g54 0g31 4g50 7g57 | 11g12 | 13g51
NAM DBINH 12g37 | 2g01 6926 1g24 5g22 8g29 11g44 | 14g25
PH{ LY 13g23 | 2g42 7g08 2g02 6400 9909 | 12g23 | 15g06
PEN HA NOI | 500 | 14940 | 4900 | 8930 | 3g15 | 7910 | 10925 | 13945 | 16420

S dung céac kiéu di liéu co ban, hay xay dung cau trac di liéu thich hgp dé luu tri

bang gid tau trén vao bé nhdé trong va bé nhé ngoai (disk) ctia may tinh.

Véi cdu trac di lieu da dugc xay dung & trén, hay trinh bay thuat toan va cai dat

chuong trinh dé thuc hién cac céng viéc sau:

- Xuét ra gid dén cua mét tau T nao do tai mot ga Gy nao do.
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- Xuat ra gid dén cac ga cua mot tau Ty nao do.

- Xuét ra gid cac tau dén mét ga Gy nao do.
- Xuat ra bang gid tau theo mau & trén.
Luu y:

- Cac 6 tréng ghi nhan tai cac ga do, tau nay khéng di dén hoac chi di qua ma
khéng dung lai.

- Dong “HANH TRINH” ghi nhan téng s6 gid tau chay tir ga Saigon dén ga Ha noi.

8. Tuong ty nhu bai tap 7. nhung ching ta can ghi nhan thém théng tin vé doan tau khi
dung tai cac ga chi dé tranh tau hay dé cho khach lén/xuéng (cdc dong in nghiéng
tuong tng vGi cac ga cé khach len/xuéng, cdc dong khac chi dung dé tranh tau).

9. St dung kiéu dif liéu cau trac trong C, hay xay dung cau trac di liéu dé luu trif trong
boé nhé trong (RAM) clia may tinh trang thai cia cac coét den giao théng (c6 3 deén:
Xanh, D3, Vang). V@i céu truc du lieu da dugc xay dung, hay trinh bay thuat toan va
cai dat chuong trinh dé mé phdng (minh hoa) cho hoat déng clia 2 cét dén trén hai
tuyén dudng giao nhau tai mét nga tu.

10. S dung céac kiéu dif liéu co ban trong C, hay xay dung cau triuc di liéu dé luu tri
trong bé nhé trong (RAM) cia may tinh trang thai cia mét ban ¢ CARO c6 kich
thuéc MxN (0 < M, N < 20). V@i cau truc du liéu duge xay dung, hay trinh bay thuat
toan va cai dat chuong trinh dé thyc hién cac céng viéc sau:

- In ra man hinh ban c¢d CARO trong trang thai hién hanh.

- Kiém tra xem c6 ai thdng hay khéng? Néu cé thi théng bao “Két thuc”, néu khéng
c6 thi théng bao “Ti€p tuc”.
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Chuong 2: KY THUAT TiM KIEM (SEARCHING)
2.1. Khai quat vé tim kiém

Trong thyc té&, khi thao tac, khai thac da liéu ching ta hau nhu luc nao ciing phai thuc
hién thao tac tim ki€ém. Viéc tim ki€m nhanh hay cham tuy thudéc vao trang thai va trat
ty clia di liéu trén dé. Két qua cta viéc tim ki€m c6 thé la khong c6 (khéng tim thay)
hodc cé (tim thay). Néu két qua tim ki€m la c6 tim th&y thi nhiéu khi ching ta con phai
xac dinh xem vi tri cia phan t& di liéu tim thdy la & dau? Trong pham vi cia chuong
nay chung ta tim cach giai quyét cac cau hoi nay.

Trudc khi di vao nghién ctu chi ti€t, chung ta gid st rang méi phan t& di liéu dugc
xem xét cé6 mot thanh phan khéa (Key) dé nhan dién, cé ki€u dit liéu la T nao dé, cac
thanh phan con lai 1a théng tin (Info) lién quan dén phan t& du lieu d6. Nhu vay méi
phan t& d{ liéu c6 cau truc di liéu nhu sau:

typedef  struct DataElement
{ T  Key;
InfoType  Info;

} DataType;
Trong tai liéu nay, khi néi téi gia tri cia mot phan tr di lieu ching ta muén néi téi gia
tri khéa (Key) cta phan tr ditf lieu d6. D& don gian, ching ta gid s rang méi phan ti
d liéu chi la thanh phan khéa nhan dién.
Viéc tim ki€m mét phan ti cé thé dién ra trén mot day/mang (tim ki€m noi) hodc dién
ra trén mot tap tin/ file (tim ki€m ngoai). Phan ti can tim la phan ti can théa man diéu
kién tim ki€m (thudng c6 gia tri bang gia tri tim ki€m). Tuy thudc vao ting bai toan cu
thé ma diéu kién tim ki€ém cé thé khac nhau song chung quy viéc tim ki€m di liéu
thudng dugc van dung theo céac thuéat toan trinh bay sau day.

2.2. Cac giai thuat tim kiém ndi (Tim kiém trén day/mang)
2.2.1. pat vadn dé

Gia si chung ta c6 mot mang M gém N phan ti. Van dé dat ra la c6 hay khéng phan tu
c6 gia tri bang X trong mang M? Néu c6 thi phan ti c6 gia tri bang X la phan td tha
may trong mang M?

2.2.2. Tim tuyén tinh (Linear Search)

Thuat toan tim tuyén tinh con dugc goi la Thuat toan tim ki€m tuan ty (Sequential
Search).

a. Tu tuong:
Lan lugt so sanh cac phan t& cia mang M véi gia tri X bat dau ti phan ta dau tién
cho dén khi tim dén dugc phan ti cé gia tri X hoac da duyét qua hét tat ca cac phan
td cia méang M thi két thuc.
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b. Thudt todn:

Bl: k=1 //Duyét to dau mang
B2: IF M[k] # X AND k <N //N€u chua tim thdy va cing chua duyét hét mang
B2.1: k++
B2.2: Lap lai B2
B3:IF k<N
Tim thay tai vi tri k
B4: ELSE
Khéng tim thay phan t c6 gia tri X
B5: Két thuac

c. Cai ddt thudt toan:
Ham LinearSearch c6 prototype:
int LinearSearch (T M[], int N, T X);

Ham thyc hién viéc tim ki€m phan ti cé gia tri X trén mang M cé N phan ti. Néu tim
thdy, ham trad vé mét s6 nguyén cé gia tri to 0 dén N-1 la vi tri tuong Ung cua phan
t&r tim thdy. Trong trudng hdp ngudc lai, ham tra vé gia tri =1 (khéng tim thay). Noi
dung cuia ham nhu sau:

int LinearSearch (T M[], int N, T X)
{ intk = 0;
while (M[K] != X && k < N)
K++;
if (k < N)
return (k);
return (-1);

H
d. Phdn tich thudt todn:
- Trudng hgp tét nhat khi phan ti dau tién ctia méang cé gia tri bang X:

S6 phép gan: Gmin = 1
S6 phép so sanh: Smin =2+ 1=3

- Trudng hgp xau nhat khi khéng tim thdy phan ti nao cé gia tri bang X:

S6 phép gan: Gmax = 1
S6 phép so sanh: Smax = 2N+1
- Trung binh:

S6 phép gan: Gavg = 1
S6 phép so sénh: Savg = (3 +2N +1):2=N+2

e. Cdi tién thudt todn:

Trong thuéat toan trén, & méi buéc lap ching ta can phai thuc hién 2 phép so sanh dé
ki€m tra sy tim thdy va kiém soat sy hét mang trong qua trinh duyét mang. Chuing ta
c6 thé gidm bét 1 phép so sanh néu ching ta thém vao cudi mang mét phan ti cam
canh (sentinel/stand by) cé gia tri bang X dé nhan dién ra sy hét mang khi duyét
mang, khi d6 thuat toan nay dudc cai tién lai nhu sau:
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Bl: k=1
B2: M[N+1] = X //Phén t& cdm canh
B3: IF M[k] = X
B3.1: k++
B3.2: Lap lai B3
B4:IF k < N
Tim thay tai vi tri k
B5: ELSE //k = N song d6 chi la phan t& cdm canh
Khéng tim thay phan t c6 gia tri X
B6: Két thuc

Ham LinearSearch dugc viét lai thanh ham LinearSearch1 nhu sau:

int LinearSearchl (T M[], int N, T X)
{ intk = 0;
M[N] = X;
while (M[K] != X)
K++;
if (k < N)
return (k);
return (-1);

h
f. Phén tich thudt todn cdi tién:
- Trudng hgp tét nhat khi phan ti dau tién ctia mang cé gia tri bang X:

S6 phép gan: Gmin = 2
S6 phép so sénh: Smin =1+ 1 =2

- Trudng hgp xau nhat khi khéng tim thdy phan ti nao cé gia tri bang X:

S6 phép gan: Gmax = 2
S6 phép so sanh: Smax = (N+1) + 1 =N + 2

- Trung binh:

S6 phép gan: Gavg = 2
S6 phép so sénh: Savg=(2+N+2):2=N/2 +2

- Nhu vay, néu thdi gian thuc hién phép gan khéng dang ké thi thuat toan cai tién sé
chay nhanh hon thuéat toan nguyén thuay.

2.2.3. Tim nhi phdn (Binary Search)

Thuat toan tim tuyén tinh té ra don gian va thuan tién trong trudng hgp sé phan ti cua
day khéng 16n 1dm. Tuy nhién, khi s6 phan t& cia day kha 16n, chdng han chuing ta tim
ki€m tén mot khach hang trong mét danh ba dién thoai cia mét thanh phé 16n theo
thuat toan tim tuan ty thi qua thyc mat rat nhiéu thdi gian. Trong thuc t&€, théng thudng
cac phan ti cta day da cé moét thd ty, do vay thuat toan tim nhi phan sau day sé rut
ngan dang ké thdi gian tim ki€m trén day da cé thi tu. Trong thuat toan nay ching ta
gid s cac phan t trong day da cé thi ty tang (khéng gidm dan), tic la cac phan tu
dung trudc luén cé gia tri nhd hon hoac bang (khéng 16n hon) phan td ding sau no.
Khi dé, néu X nhd hon gia tri phan ti& ding & gitta day (M[Mid]) thi X chi cé thé tim
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thdy & nlta dau cta day va ngudc lai, néu X 16n hon phan t& M[Mid] thi X chi cé thé tim
thdy & nia sau cua day.

a. Tu tuong:

Pham vi tim ki€ém ban dau cua chung ta la t phan t dau tién cua day (First = 1)
cho dén phan ti cudi cung cua day (Last = N).

So sanh gia tri X véi gia tri phan ti ding & gitta ciia day M la M[Mid].

Néu X = M[Mid]: Tim thay

Néu X < M[Mid]: Rut ngén pham vi tim ki€m vé nia dau cia day M (Last = Mid-1)
Néu X > M[Mid]: Rut ngédn pham vi tim ki€m vé nia sau cua day M (First = Mid+1)

Lap lai qua trinh nay cho dén khi tim thay phan ti cé gia tri X hodc pham vi tim
ki€m cua chung ta khéng cén naa (First > Last).

b. Thudt todn dé quy (Recursion Algorithm):

Bl: First = 1
B2: Last = N
B3: IF (First > Last) //HEt pham vi tim ki€ém

B3.1: Khéng tim thay

B3.2: Thuc hién Bkt
B4: Mid = (First + Last)/ 2
B5: IF (X = M[Mid])

B5.1: Tim thay tai vi tri Mid

B5.2: Thyc hién Bkt
B6: IF (X < M[Mid])

Tim dé quy tu First dén Last = Mid - 1
B7: IF (X > M[Mid])

Tim dé quy tu First = Mid + 1 dén Last
Bkt: Két thuc

c. Cai ddt thudt todn dé quy:
Ham BinarySearch cé prototype:
int BinarySearch (T M[], int N, T X);

Ham thuc hién viéc tim ki€m phan tr cé gia tri X trong mang M c6 N phan t& da cé
th tu tang. Néu tim thay, ham trd vé mét s6 nguyén cé gia tri t O dén N-1 la vi tri
tuong Ung cua phan t tim thay. Trong trudng hdp ngugc lai, ham tra vé gia tri -1
(khéng tim thdy). Ham BinarySearch s& dung ham dé quy RecBinarySearch cé
prototype:

int RecBinarySearch(T M][], int First, int Last, T X);

Ham RecBinarySearch thyc hién viéc tim ki€ém phan t& cé gia tri X trén mang M
trong pham vi t0 phan ti tht First dén phan ti th Last. Néu tim thay, ham tra vé
moét s6 nguyén cé gia tri tur First dén Last la vi tri tuong Ung cla phan td tim thay.
Trong trudng hgp ngudgc lai, ham tra vé gia tri -1 (khéng tim thdy). Noi dung cua cac
ham nhu sau:
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int RecBinarySearch (T M][], int First, int Last, T X)
{ if (First > Last)
return (-1);
int Mid = (First + Last)/2;
if (X == M[Mid])
return (Mid);
if (X < M[Mid])
return(RecBinarySearch(M, First, Mid - 1, X));
else
return(RecBinarySearch(M, Mid + 1, Last, X));

int BinarySearch (T M[], int N, T X)
{ return (RecBinarySearch(M, 0, N - 1, X));
}

d. Phédn tich thudt toan dé quy:
- Trudng hgp t6t nhéat khi phan ti & gilta cia mang c6 gia tri bang X:

S6 phép gan: Gmin = 1
S6 phép so sanh: Smin = 2

- Trudng hgp xau nhat khi khéng tim thdy phan ti nao cé gia tri bang X:

S6 phép gan: Gmax = logoN + 1
S6 phép so sanh: Smax = 3logsN + 1
- Trung binh:

S6 phép gan: Gavg = % logoN + 1
S6 phép so sanh: Savg = Y2(3logzN + 3)

e. Thudt toan khong dé quy (Non-Recursion Algorithm):

B1: First = 1
B2: Last = N
B3: IF (First > Last)
B3.1: Khéng tim thay
B3.2: Thuc hién Bkt
B4: Mid = (First + Last)/ 2
B5: IF (X = M[Mid])
B5.1: Tim thay tai vi tri Mid
B5.2: Thuc hién Bkt
B6: IF (X < M[Mid])
B6.1: Last = Mid - 1
B6.2: Lap lai B3
B7: IF (X > M[Mid])
B7.1: First = Mid + 1
B7.2: Lap lai B3
Bkt: K&t thuc
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J. Cai ddt thudt toan khong dé quy:

Ham NRecBinarySearch cé prototype: int NRecBinarySearch (T M[], int N, T X);

Ham thuc hién viéc tim ki€m phan tr cé gia tri X trong mang M c6 N phan t& da cé
th ty tang. Néu tim thdy, ham trd vé mot s6 nguyén cé gia tri to 0 dén N-1 la vi tri
tuong Ung cua phan t tim thay. Trong trudng hdp ngugc lai, ham tra vé gia tri -1
(khéng tim thay). Noi dung ciia ham NRecBinarySearch nhu sau:

int NRecBinarySearch (T M[], int N, T X)
{ int First = O;
int Last = N - 1;
while (First <= Last)
{ int Mid = (First + Last)/2;

if (X == M[Mid])
return(Mid);

if (X < M[Mid])
Last = Mid - 1;

else
First = Mid + 1;

§
return(-1);

§
g. Phan tich thudt toan khong dé quy:
- Trudng hgp t6t nhat khi phan t& & gilta cia mang c6 gia tri bang X:

S6 phép gan: Gmin = 3
S6 phép so sanh: Smin = 2

- Trudng hgp xau nhat khi khoéng tim thdy phan ti nao cé gia tri bang X:

S6 phép gan: Gmax = 2log:N + 4
S6 phép so sanh: Smax = 3log,N + 1

- Trung binh:
S

O

phép gan: Gavg = logoN + 3.5

S6 phép so sanh: Savg = Y2(3log:N + 3)
h. Vidu:
Gia su ta c6 day M gom 10 phan t ¢6 khéa nhu sau (N = 10):
1 3 4 5 8 15 17 22 25 30
- Trudc tién ta thyc hién tim ki€m phan t c6 gia tri X = 5 (tim thay):
Lan lap | First | Last | First > Last | Mid | M[Mid] X = X < X >
M[Mid] | M[Mid] | M[Mid]
Ban dau 0 9 False 4 8 False True False
1 0 3 False 1 3 False False True
2 2 3 False 2 4 False False True
3 3 3 False 3 5 True
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K&t qua sau 3 lan lap (dé quy) thuat toan két thac.

- Bay gid ta thuc hién tim ki€ém phan ti cé gia tri X = 7 (khéng tim thay):

Lan lap | First | Last | First > Last | Mid | M[Mid] X = X < X >
M[Mid] M[Mid] M[Mid]
Ban dau 0 9 False 4 8 False True False
1 0 3 False 1 3 False False True
2 2 3 False 2 4 False False True
3 3 3 False 3 5 False False True
4 4 3 True

K&t qua sau 4 lan lap (dé quy) thuat toan két thac.
@ Luu y:
> Thuat toan tim nhi phan chi c¢6 thé van dung trong trudng hgp day/mang da cé

tht ty. Trong trudng hop téng quat chung ta chi cé thé ap dung thuat toan tim
ki€m tuan tu.

> Cac thuat toan dé quy c6 thé ngén gon song tén kém bo nhé dé ghi nhan ma
lénh chuong trinh (méi 1an goi dé quy) khi chay chuong trinh, do vay cé thé
lam cho chuong trinh chay cham lai. Trong thuyc té&, khi viét chuong trinh néu c6
thé chung ta nén s dung thuat toan khéng dé quy.

2.3. Cac giai thuat tim kiém ngoai (Tim kiém trén tap tin)
2.3.1. pat vadn dé

Gia st chung ta c6 moét tap tin F luu trid N phan t. Van dé dat ra la c6 hay khéng phan
ti co6 gia tri bang X dudc luu trir trong tap tin F? Néu c6 thi phan tr c¢6 gia tri bang X la
phan t& ndm & vi tri nao trén tap tin F?

2.3.2. Tim tuyén tinh

a. Tu tuong:

Lan lugt doc cac phan td to dau tap tin F va so sanh vdi gia tri X cho dén khi doc
dugc phan ti cé gia tri X hodc da doc hét tap tin F thi két thuc.

b. Thudt todn:

Bl: k=0
B2: rewind(F) //Vé dau tap tin F
B3: read(F, a) //Poc mét phan tu tu tap tin F
B4: k = k + sizeof(T) //Vi tri phan t hién hanh (sau phan t& méi doc)
B5: IF a = X AND !(eof(F))
Lap lai B3
B6: IF (a = X)
Tim thay tai vi tri k byte(s) tinh ti dau tap tin
B7: ELSE
Khéng tim thay phan t c6 gia tri X
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B8: Két thuc
c. Cai ddt thudt toan:
Ham FLinearSearch cé prototype:
long FLinearSearch (char * FileName, T X);

Ham thuc hién tim ki€m phan t cé gia tri X trong tap tin c6 tén FileName. Néu tim
thdy, ham trd vé moét s6 nguyén cé gia tri t& 0 dén filelength(FileName) la vi tri
tuong Ung cua phan ti tim thay so véi dau tap tin (tinh bang byte). Trong truéng hgp
ngudgc lai, hoac c6 16i khi thao tac trén tap tin ham trd vé gia tri -1 (khéng tim thay
hoéc 16i thao tac trén tap tin). N6i dung cia ham nhu sau:

long FLinearSearch (char * FileName, T X)
{ FILE * Fp;
Fp = fopen(FileName, “rb”);
if (Fp == NULL)
return (-1);
long k = 0;
T a;
int SOT = sizeof(T);
while (!feof(Fp))
{ if (fread(&a, SOT, 1, Fp) == 0)
break;
k = k + SOT;
if (a == X)
break;

H
fclose(Fp);

if (a == X)
return (k - SOT);
return (-1);

H
d. Phdn tich thudt todn:
- Trudng hgp t6t nhat khi phan t& dau tién cda tap tin cé gia tri bang X:

S6 phép gan: Gmin =1+2 =3
S6 phép so sanh: Smin =2 +1=3
S6 lan doc tap tin: Dmin = 1

- Trudng hgp xau nhat khi khéng tim thdy phan ti nao cé gia tri bang X:

S6 phép gan: Gmax = N + 2
S6 phép so sanh: Smax = 2N + 1
S6 lan doc tap tin: Dmax = N

- Trung binh:

S6 phép gan: Gavg = ¥2(N + 5)
S6 phép so sénh: Savg = (3 +2N +1):2=N+2
S6 lan doc tap tin: Davg = ¥2(N + 1)
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2.3.3. Tim kiém theo chi myuc (Index Search)

Nhu chang ta da biét, méi phan t& di lieu dugc luu tri trong tap tin di liéu F thudng co
kich thuéc 16n, diéu nay cing lam cho kich thuéc cua tap tin F cing kha 16n. Vi vay
viéc thao tac dif liéu tryc ti€p lén tap tin F sé tré nén lau, chua ké sy mat an toan cho
dir lieu trén tap tin. D€ gidi quyét van dé nay, di kém theo mét tap tin di liéu thusng cé
thém cac tap tin chi muc (Index File) dé lam nhiém vy diéu khién thi tu truy xuat di
liéu trén tap tin theo moét khéa chi muc (Index key) nao d6. Méi phan ti di liéu trong
tap tin chi muc IDX gém c6 2 thanh phan: Khéa chi muc va Vi tri vat ly cia phan td di
liéu cé6 khoa chi muc tuong Ung trén tap tin di lieu. Cau trac da liéu clda cac phan tu
trong tap tin chi muc nhu sau:

typedef  struct IdxElement
{ T IdxKey;
long Pos;
} IdxType;

Tap tin chi muyc luén luén dugc sdp x€p theo thu ty tdng cua khéa chi muc. Viéc tao
tap tin chi muc IDX sé dugc nghién ciu trong Chuong 3, trong phan nay chung ta xem
nhu da cé tap tin chi muc IDX dé thao tac.

a. Tu tuong:

Lan lugt doc cac phan ti tv dau tap tin IDX va so sanh thanh phan khéa chi muyc véi
gia tri X cho dén khi doc dugc phan tlr cé gia tri khéa chi muc 16n hon hoac bang X
ho&dc da doc hét tap tin IDX thi két thic. Néu tim thdy thi ta da co6 vi tri vat ly cda
phan ti dir liéu trén tap tin di liéu F, khi d6 ching ta cé thé truy cap truc ti€p dén vi
tri nay dé doc di liéu clia phan t tim thay.

b. Thudt todn:

B1: rewind(IDX)
B2: read(IDX, ai)
B3: IF ai.ldxKey < X AND !(eof(IDX))
Lap lai B2
B4: IF aildxKey = X
Tim thay tai vi tri ai.Pos byte(s) tinh tur dau tap tin
B5: ELSE
Khéng tim thay phan t c6 gia tri X
B6: Két thuc

c. Cai ddt thudt toan:
Ham IndexSearch cé prototype:
long IndexSearch (char * IdxFileName, T X);

Ham thuc hién tim ki€m phan t& cé gia tri X dya trén tap tin chi muc cé tén
IdxFileName. N&u tim thay, ham tra vé mot s6 nguyén cé gia tri td O dén
filelength(FileName)-1 la vi tri tuong Ung cda phan t& tim thay so vdi dau tap tin do
liéu (tinh bang byte). Trong trudng hdp ngudc lai, hodc c6 16i khi thao tac trén tap tin
chi muc ham tra vé gia tri -1 (khéng tim thay). Noi dung ciia ham nhu sau:
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long IndexSearch (char * IdxFileName, T X)
{ FILE * IDXFp;
IDXFp = fopen(ldxFileName, “rb”);
if (IDXFp == NULL)
return (-1);
IdxType ai;
int SOIE = sizeof(IdxType);
while (!feof(IDXFp))
{ if (fread(&ai, SOIE, 1, IDXFp) == 0)
break;
if (ai.ldxKey >= X)
break;

}
fclose(IDXFp);

if (ai.ldxKey == X)
return (ai.Pos);
return (-1);

}

d. Phdn tich thudt todn:
- Trudng hgp tét nhat khi phan t dau tién cua tap tin chi muc cé gia tri khéa chi
muc 16n hon hodc bang X:
S6 phép gan: Gmin = 1
S6 phép so sanh: Smin =2 + 1 =3
S6 lan doc tap tin: Dmin = 1

- Trudng hgp x&au nhéat khi moi phan ti trong tap tin chi muc déu c6 khéa chi muc
nhd hon giéa tri X:

wn
O,

> phép gan: Gmax = 1
> phép so sanh: Smax = 2N + 1
> lan doc tap tin: Dmax = N

n wm
O O,

- Trung binh:

S6 phép gan: Gavg = 1
S6 phép so sénh: Savg = (3 +2N +1):2=N+2
S6 lan doc tap tin: Davg = %2(N + 1)

Céau hoi va Bai tap
1. Trinh bay tu tudng cla cac thuat toan tim ki€m: Tuyén tinh, Nhi phan, Chi muc? Cac
thuat toan nay cé thé dugc van dung trong céac trudng hgp nao? Cho vi du?

2. Cai dat lai thuat toan tim tuyén tinh bang céac cach:
- S dung vong lap for,
- S dung vong lap do .. while?

C6 nhan xét gi cho méi trudng hgp?
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3. Trong trudng hgp cac phan tr ciia day da cé thyd ty tédng, hay cai tién lai thuat toan
tim tuyén tinh? Cai dat cac thuéat toan cai ti€én? Banh gia va so sanh gitra thuat toan
nguyén thay va@i cac thuat toan cai tién.

4. Trong trudng hgp cac phan ti cia day da cé thd tu gidm, hay trinh bay va cai dat lai
thuat todn tim nhi phéan trong hai truéng hgp: Bé quy va Khéng dé quy?

5. Van dung thuéat toan tim nhi phan, hay cai ti€n va cai dat lai thuat toan tim kiém dua
theo tap tin chi muc? Déanh gid va so sanh gira thuat toan nguyén thuy vdi cac thuat
toan cai tién?

6. St dung ham random trong C dé tao ra mét day (mang) M cé tdi thiéu 1.000 s&
nguyén, sau dé chon ngéu nhién (cing bang ham random) mét gia tri nguyén K. Van
dung céac thuat toan tim tuyén tinh, tim nhj phan dé tim ki€ém phan t& c6 gia tri K
trong mang M.

V&i cung moét du lieu nhu nhau, cho biét thdi gian thuc hién céac thuat toan.

7. Trinh bay va cai dat thuat toan tim tuyén tinh déi v8i cac phan td trén mang hai
chiéu trong hai trudng hgp:

- Khéng st dung phan t& “Cam canh”.
- C6 st dung phan t& “Cam canh”.

Cho biét thgi gian thuc hién cda hai thuat toan trong hai trudng hgp trén.

8. St dung ham random trong C dé tao ra téi thi€u 1.000 s& nguyén va luu trif vao mét
tap tin c6 tén SONGUYEN.DAT, sau dé chon ngau nhién (ciing bang ham random)
moét gia tri nguyén K. Van dung thuat toan tim tuyén tinh dé tim ki€ém phan t cé gia
tri K trong tap tin SONGUYEN.DAT.

9. Thong tin vé mdi nhan vién bao gém: Méa sé — la mét sé nguyén duong, Ho va bém -
la mot chdi c6 téi da 20 ky ty, Tén nhan vién — la mét chudi c6 t6i da 10 ky tuy,
Ngay, Thang, Nam sinh - la cac s6 nguyén ducng, Phai — La “Nam” hoac “Nu”, Hé
s6 luong, Luong can ban, Phu cép - la céac sé thyc. Viét chuong trinh nhap vao danh
sach nhan vién (it nhat la 10 ngusi, khong nhap trung méa gitta cac nhan vién vdi
nhau) va luu tr@ danh sach nhéan vién nay vao mét tap tin c6 tén NHANSU.DAT, sau
dé van dung thuat toan tim tuyén tinh dé tim ki€m trén tap tin NHANSU.DAT xem cé
hay khéng nhan vién c6 méa la K (gia tri cia K c6 thé nhap vao tu ban phim hoac
phat sinh bang ham random). Néu tim thdy nhan vién c¢6 ma la K thi in ra man hinh
toan bé théng tin vé nhan vién nay.

10. Véi tap tin di lieu c6 tén NHANSU.DAT trong bai tap 9, thuc hién cac yéu cau sau:

- Tao mét bang chi muc theo Tén nhéan vién.

- Tim ki€m trén bang chi muc xem trong tap tin NHANSU.DAT c6 hay khéng nhan
vién c6 tén la X, né€u cé thi in ra toan bo théng tin vé nhan vién nay.

- Luu tr& bang chi muc nay vao trong tap tin cé tén NSTEN.IDX.

- Van dung thuat toan tim ki€ém dya trén tap tin chi muc NSTEN.IDX dé tim xem cé
hay khong nhan vién c6 tén la X trong tap tin NHANSU.DAT, néu c6 thi in ra toan
b6 théng tin vé nhan vién nay.

- C6 nhan xét gi khi thuc hién tim ki€m d@ liéu trén tap tin bang cac phuong phap:
Tim tuyén tinh va Tim ki€ém dya trén tap tin chi muc.
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Chuong 3: KY THUAT SAP XEP (SORTING)

3.1. Khadi quéat vé sdp xép

Pé thuan tién va gidm thiéu thsi gian thao tdc ma dac biét la dé tim ki€m di liéu dé
dang va nhanh chéng, théng thudng trudc khi thao téc thi di liéu trén mang, trén tap
tin da c6 tha ty. Do vay, thao tac sdp x&€p di liéu la moét trong nhitng thao tac can thiét
va thudng gap trong qua trinh luu tr&t, quan ly da liéu.
Tha ty xuat hién di liéu cé thé la thi tu tiang (khéng gidm dan) hoac thd tu gidm
(khéng tang dan). Trong pham vi chuong nay chung ta sé thuc hién viéc sédp x&p d
liéu theo th( ty tédng. Viéc sdp x€p di lieu theo thd tu gidm hoan toan tuong ty.
Cé rat nhiéu thuat toan sap xép song ching ta cé thé phan chia cac thuat toan sap xép
thanh hai nhém chinh can ¢ vao vi tri luu tri cda da liéu trong may tinh, do la:

- Cac giai thuat sép x€p thd tu noi (sédp x€p thy tu trén day/mang),

- Cac giai thuat sdp x€p thu tu ngoai (sdp x€p thu ty trén tap tin/file).
Cang nhu trong chuong trudc, ching ta gid st rdng méi phan t& du liéu dugc xem xét
c6 moét thanh phén khéa (Key) dé nhéan dién, cé kiéu du liéu la T nao dé, cac thanh
phan con lai la théng tin (Info) lién quan dén phan t& di lieu d6. Nhu vay méi phan t&
dir liéu c6 cau truc du liéu nhu sau:

typedef  struct DataElement

T Key;
InfoType Info;
} DataType;

Trong chuong nay néi riéng va tai lieu nay néi chung, cac thuat toan sdp x€p cua
chung ta la sdp x€p sao cho cac phan t dir liéu cé thd ty tang theo thanh phan khéa
(Key) nhan dién. Dé don gian, ching ta gid s rdng méi phan t& di liéu chi la thanh
phan khéa nhan dién.

3.2. C4c giai thuat sdap xép ndi (Sdp xép trén day/mang)

3 day, toan bo dir lieu can sép x&p dugc dua vao trong bo nhé trong (RAM). Do vay, s6
phan t di liéu khéng 16n 1dm do giéi han cua bé nhé trong, tuy nhién téc do sédp xép
tuong déi nhanh. Cac giai thuat sép x€p noi bao gébm cac nhém sau:

- Sép x€p bang phucng phap dém (counting sort),

- Sap x&p béng phuong phap déi ché (exchange sort),
- S&p x€p bang phucng phap chon lya (selection sort),
- Sép x€p bang phucng phap chén (insertion sort),

- Sép x€p bang phucng phéap trén (merge sort).

Trong pham vi cua gido trinh nay chung ta chi trinh bay moét sé thuat toan sdp xép tiéu
bi€u trong cac thuat toan sap xép & cac nhém trén va gid su thd tu sép x€p N phan t
c6 kiéu dit liéu T trong mang M la thd tu tang.
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3.2.1. Sdp xép bdng phuong phdp dé6i ché (Exchange Sort)

Cac thuat toan trong phan nay sé tim cach déi chd cac phan tr ding sai vi tri (so véi
mang da sép x&p) trong mang M cho nhau dé cudi cung tat ca cac phan ti trong mang
M déu vé dung vi tri nhu mang da sap xép.

Cac thuat toan sap x&p bang phuong phap déi chd bao gém:
- Thuéat toan sap x&p ndi bot (bubble sort),
- Thuat toan sdp x&p lac (shaker sort),
- Thuéat toan sdp x€p gidm doé tdng hay doé dai buéc giam dan (shell sort),
- Thuéat toan sdp x€p duya trén sy phan hoach (quick sort).

o] day chung ta trinh bay hai thuat toan phd bién la thuat toan sdp xép ndi bot va sap
x€p dua trén su phan hoach.

a. Thudt todn sdp xép noi bot (Bubble Sort):
- Tu tudng:

+ Di to cudi mang vé dau mang, trong qua trinh di néu phan t& & dudi (ding phia
sau) nho hon phan t& ding ngay trén (trudc) né thi theo nguyén tdc cua bot khi
phan t nhe sé bi “tréi” 1én phia trén phan ti néng (hai phan ti nay sé dugc déi
ché cho nhau). K&t qua la phan t nhd nhat (nhe nhat) sé dugc dua lén (tréi lén)
trén bé méat (dau mang) rat nhanh.

+ Sau mdi lan di chung ta dua dugc mét phan ti tréi 1én dung ché. Do vay, sau N-1
lan di thi tat ca cac phan t trong mang M sé c6 thi ty téng.

- Thuat toan:

B1: First = 1
B2: IF (First = N)
Thuc hién Bkt
B3: ELSE
B3.1: Under = N
B3.2: If (Under = First)
Thuc hién B4
B3.3: Else
B3.3.1: if (M[Under] < M[Under - 1])
Swap(M[Under], M[Under - 1]) //D3i chd 2 phan tit cho nhau
B3.3.2: Under--
B3.3.3: Lap lai B3.2
B4: First++
B5: Lap lai B2
Bkt: K&t thuc

- Cai dat thuat toan:
Ham BubbleSort cé prototype nhu sau:
void BubbleSort(T M[], int N);
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Ham thuc hién viéc sdp xé€p N phan t& cé ki€u dir liéu T trén mang M theo thd ty
tang dua trén thuat toan sap xép néi bot. Noéi dung ciia ham nhu sau:

void BubbleSort(T M[], int N)
{ for (int]=0;1 < N-1; I++)
for (int J = N-1; J > [; J--)
if (M[J] < M[J-1])
Swap(M[J], M[J-1]);
return;

}

Ham Swap cé prototype nhu sau:
void Swap(T &X, T &Y);

Ham thyc hién viéc hoan vi gia tri ctia hai phan t& X va Y cho nhau. Néi dung cua
ham nhu sau:

void Swap(T &X, T &Y)
{ T Temp = X;
X=Y,;
Y = Temp;
return;

§
- Vi du minh hoa thuat toan:
Gia s ta can sép x€p mang M c6 10 phan ti sau (N = 10):
M: 15 10 2 20 10 5 25 35 22 30
Ta sé thuc hien 91an di (N -1 =10 - 1 = 9) dé s&dp xép mang M:

Lan 1: First = 1

J: 2€¢— 3¢«— 4<«—H€¢«— 6¢c— 7<«<—8<«<—9<«—10

M: 15 10 2 20 10 5 30

25 35 22
M: 15 10 2 20 10 5 2@ 35

M: 15 10 2 20 b5 22 25 35 30
: 20 5 10

22 25 35 30

M: 15 1% 2 5 20 10 22 25 35 30

M: 15 2 10 5 20 10 22 25 35 30

30
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M: 2 15

Lan 2: First = 2
J:

M: 2 5

Lan 3: First = 3
J:

M: 2 5

Lan 4: First = 4
J:

M: 2 5

Lan 5: First = 5
J:

M: 2 5
Lan 6: First = 6
J:

M: 2 5

10

5

20

10 22 25 35 30

3¢ — 4«—5€«— p€«— 7<«<—8<«—90<«—10

10

15

10

10

10

10

10

10

10 22 25 35 30

10 22 25 30 35

20 22 25 30 35

20 22 25 30 35

20 22 25 30 35

10

15

10

10

10

10

10

20 22 25 30 35

20 22 25 30 35

S5«— 6€¢«—7«—8<«—9<«—10

15

15

15

20 22 25 30 35

be— 7€«—8<«—90<«—10

20 22 25 30 35

71T<«<—8<«<—90<«<—10

20 22 25 30 35
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Lan 7: First = 7

J: §«—9<«—10

M: 2 5 10 10 15 20 22 25 30 35

Lan 8: First = 8
J: 9«—10
M: 2 5 10 10 15 20 22 25 30 35

Lan 9: First = 9
J: 10
M: 2 5 10 10 15 20 22 25 30 35

Sau 9 lan di mang M tré thanh:
M: 2 5 10 10 15 20 22 25 30 35
- Phan tich thuat toan:
+ Trong moi trudng hgp:
S
S6 phép so séanh: S = (N-1) + (N-2) + .. + 1 = aN(N-1)

O

phép gan: G =0

+ Trong truéng hgp t6t nhat: khi mang ban dau da cé tha ty tang
S6 phép hoan vi: Hmin = 0
+ Trong truéng hgp xau nhéat: khi mang ban dau da cé thu ty giam
S6 phép hoan vi: Hmin = (N-1) + (N-2) + .. + 1 = 2N(N-1)
+ S6 phép hoan vi trung binh: Havg = “4N(N-1)
- Nhan xét vé thuét toan ndi bot:
+ Thuat toan sdp xép néi bot kha don gian, dé hiéu va dé cai dat.

+ Trong thuéat toan sép x&p ndi bot, méi lan di tu cudi mang vé dau mang thi phan ti
nhe dugc trdi lén rat nhanh trong khi dé phan t nang lai “chim” xuéng kha cham
chap do khéng tan dung dugc chiéu di xuéng (chiéu tor ddu mang vé cudi mang).

+ Thuat toan néi bot khéng phéat hién ra dugc cac doan phan t& ndm hai dau cua
mang da nam duang vi tri dé cé thé gidm b6t quang dudng di trong méi lan di.

b. Thudt todn sdp xép dua trén su phan hoach (Partitioning Sort):

Thuat toan sdp x€p dya trén sy phan hoach con dugc goi la thuat toan sép xép
nhanh (Quick Sort).

- Tu tudng:
+ Phan hoach day M thanh 03 day con c6 tha ty tuong déi théa man diéu kién:

Day con thdt nhat (dau day M) gébm cac phan ti cé gia tri nhé hon gia tri trung
binh cta day M,
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Day con tht hai (gitta day M) gém cac phan t c6 gia tri bang gia tri trung binh
clia day M,

Day con th ba (cu6i day M) géom cac phan tu cé gia tri 16n hon gia tri trung binh
cua day M,

+ Néu day con tht nhat va day con th ba c6 nhiéu hon 01 phéan t thi chung ta lai
ti€p tuc phan hoach dé quy cac day con nay.

+ Viéc tim gia tri trung binh clda day M hoac tim ki€ém phan ti trong M c6 gia tri bang
gia tri trung binh ctia day M rat khé khan va mat thgi gian. Trong thuc t€, ching
ta chon mot phan t& bat ky (thudng la phan tir diing & vi tri gitta) trong day cac
phan ti can phan hoach dé lam gia tri cho cac phan ti ctia day con thd hai (day
gitra) sau khi phan hoach. Phan t& nay con dugc goi la phan t& bién (boundary
element). Cac phan ti trong day con thd nhét sé cé gia tri nhd hon gia tri phan t
bién va cac phan ti trong day con th ba sé c6 gia tri I6n hon gia tri phan t bién.

+ Viéc phan hoach mét day dugc thyc hién bang cach tim cac cdp phan t& ding &
hai day con hai bén phan t gitta (day 1 va day 3) nhung bi sai tha ty (phan t&
dung & day 1 c6 gia tri 16n hon gia tri phan ti gitta va phan t& ding & day 3 cé
gia tri nhd hon gia tri phan ti gitta) dé déi chd (hoan vi) cho nhau.

- Thuat toan:

B1l: First = 1

B2: Last = N

B3: IF (First > Last) //Day con chi con khéng qua 01 phéan t&
Thuc hién Bkt

B4: X = M[(First+Last)/2] //Lay gia tri phan tu gita
B5: I = First //Xuédt phat tir dau day 1 dé tim phan ti c6 gia tri > X
B6: IF (M[I] > X)
Thuc hién B8
B7: ELSE
B7.1: [++

B7.2: Lap lai B6
B8: J = Last //Xuédt phat ti cudi day 3 dé tim phan t cé gia tri < X
BO: IF (M[J] < X)
Thuc hién B11
B10: ELSE
B10.1: J--
B10.2: Lap lai B9
B11: IF (I < J)
B11.1: Hoan_Vi(M[I], M[J])
B11.2: [++
B11.3: J--
B11.4: Lap lai B6
B12: ELSE
B12.1: Phan hoach dé quy day con ti phan ti thi First dén phan ta tha J
B12.2: Phan hoach dé quy day con tu phan t tha | dén phan ti thi Last
Bkt: K&t thac

- Cai dat thuat toan:
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Ham QuickSort cé prototype nhu sau:
void QuickSort(T M][], int N);

Ham thuc hién viéc sdp xé€p N phan t& cé ki€u dir liéu T trén mang M theo thd ty
tang dua trén thuat toan sép x€p nhanh. Ham QuickSort s& dung ham phéan hoach dé
quy PartitionSort dé thuyc hién viéc sép x&p theo thi ty tang cac phan t& cia moét day
con giéi han t0 phan t& th First dén phan td th¢ Last trén mang M. Ham
PartitionSort c6 prototype nhu sau:

void PartitionSort(T M[], int First, int Last);
No6i dung cda cac ham nhu sau:

void PartitionSort(T M[], int First, int Last)
{ if (First >= Last)

return;
T X = M[(First+Last)/2];
int I = First;
int J = Last;
do { while (M[I] < X)
[++;
while (M[J] > X)
J--
if (I <=J)
{ Swap(M[I], M[J]);
[++;
J--
}
}
while (I <= J);

PartitionSort(M, First, J);
PartitionSort(M, I, Last);
return;

void QuickSort(T M[], int N)
{ PartitionSort(M, 0, N-1);
return;

}
- Vi du minh hoa thuat toan:
Gia s ta can sép x€p mang M c6 10 phan ti sau (N = 10):
M: 45 55 25 20 15 5 25 30 10 3
Ban ddu: First=1  Last=10 X = M[(1+10)/2] =M[5] = 15

First X =15 Last
M: 45 55 25 20 @ 5 25 30 10 3
Phéan hoach:
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e X =1 R,
M: 45 55 25 20 @ 5 25 30 10 3
L X =15 —
M: 3 55 25 20 5 25 30 10 45
N -/
e XI5
M 3 10 25 20 5 25 30 55 45
A J
I X=15

M 3 10 5 20 25 25 30 55 45

First X =15 | Last
M: 3 10 5 20 25 25 30 55 45
Phan hoach cac phan ti trong day con tu First -> J:
First =1 Last=J=4 X =M[(1+4)/2] = M[2] = 10

First X = 10 Last
M: 3 5 15 20 25 25 30 55 45
Phan hoach:

I X=10 J
M: 3 5 15 20 25 25 30 55 45
X=10 J
M 3 5 20 25 25 30 55 45
J  X=10

M: 3 5 @ 15 20 25 25 30 55 45
Phan hoach cac phan ti trong day con tu First -> J:
First=1 Last=J=2 X=M[(1+2)/2] = M[1] =3

First Last
M: 5 10 15 20 25 25 30 55 45

X3
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Phan hoach:

X=3
I=J

M: <f> 5 10 15 20 25 25
X<%3

J

M: <Z> 5 10 15 20 25 25
X¥3

First J [ Last
M: 3 5 10 15 20 25 25

Phan hoach cac phan ti trong day con tur I -> Last:

First =1=3 Last = 4 X =M[(3+4)/2] = M[3] = 10
First Last
M: 3 5 15 20 25 25
X 10
Phéan hoach:
J
M: 3 5 0 15 20 25 25
X Y10
I=J
M 3 5 o 15 20 25 25
X 210
J I
M 3 5 @ 15 20 25 25
X 210
First J |
M: 3 5 10 15 20 25 25

Phan hoach cac phan ti trong day con tur | -> Last:

First=1=5 Last = 10 X = M[(5+10)/2] = M[7] = 25
First X =25

M: 3 5 10 15 20 25

Phéan hoach:

30

30

30

30

30

30

30

30

30

30

55

55

55

55

55

55

55

55

55

55

45

45

45

45

45

45

45

45

Last
45

Last
45
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M: 3 5 10
M 3 5 10
M: 3 5 10

Phan hoach cac phan ti trong day con tu First -> J:
First =5 Last=J=6 X = M[(5+6)/2] = M[5] = 20

M: 3 5 10
Phéan hoach:

M: 3 5 10
M 3 5 10
M 3 5 10
M: 3 5 10

I X =25
5 20 2 @
I X =25
15 20 2@
Jd
First X 25 I
15 20 @ 25
J
First  Last
15 25 25
X =20
J
X =20
I=J
15 ‘ 2 2
X =20
J I
15 @ 25 25
X =20
First J I

15 20 25 25

Phan hoach cac phan ti trong day con tu I -> Last:

First =1=7 Last = 10
M: 3 5 10
Phéan hoach:

M: 3 5 10
M 3 5 10

X = M[(7+10)/2] = M[8] = 30
First

15 20 25 25

15 20 25 25

15 20 25 25

30

30

30

30

30

30

30

30

3

o

J
55 45
55 45
Last
55 45
55 45
55 45
55 45
55 45
Last
55 45
Last
55 45
J
55 45
55 45
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X =30
J I
M: 3 5 10 15 20 25 25 55 45
X <30
First=J | Last
M: 3 5 10 15 20 25 25 55 45
X Y30
Phan hoach cac phan ti trong day con tr I -> Last:
First =1 = 9 Last = 10 X = M[(9+10)/2] = M[9] = 55
First Last
M: 3 5 10 15 20 25 25 30 45
X ¥'55
Phan hoach:
J
M: 3 5 10 15 20 25 25 30 45
X Y55
I
M 3 5 10 15 20 25 25 30 45 @
X Y55
M: 3 5 10 15 20 25 25 30 45 55
Toan bo qué trinh phan hoach két thuac, day M tré thanh:
M: 3 5 10 15 20 25 25 30 45 55

- Phan tich thuat toan:
+ Trudng hgp tét nhét, khi mang M ban dau da cé thu ty tang:

S6 phép gan: Gmin = 1 + 2 + 4 + ... + 2*[Logz(N) - 1] = N-1
S6 phép so sanh: Smin = NxLog,(N)/2
S6 phép hoan vi: Hmin = 0
+ Trudng hgp xau nhat, khi phan t& X dugc chon & gitta day con la gia tri 16n nhat
cta day con. Trudng hgp nay thuat todn QuickSort tré nén cham chap nhat:
S6 phép gan: Gmax = 1 + 2 + ... + (N-1) = Nx(N-1)/2
S6 phép so sanh: Smax = (N-1)x(N-1)
S6 phép hoan vi: Hmax = (N-1) + (N-2) + .. + 1 = Nx(N-1)/2
+ Trung binh:
S6 phép gan: Gavg = [(N-1)+N(N-1)/2]/2 = (N-1)x(N+2)/4
S6 phép so sanh: Savg = [NxLog,(N)/2 + Nx(N-1)]/2 = Nx[Log,(N)+2N-2]/4
S6 phép hoan vi: Havg = Nx(N-1)/4
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3.2.2. Sdp xép bdng phuong phdp chon (Selection Sort)

Céac thuat toan trong phan nay sé tim cach lya chon cac phan t& thda man diéu kién
chon lya dé dua vé dang vi tri ciia phan t& dé, cudi cung tat cd cac phan t trong
mang M déu vé dung vi tri.

Cac thuat toan sédp x€p bang phuong phap chon bao géom:
- Thuat toan sdp x€p chon tryc ti€p (straight selection sort),
- Thuat toan sdp x€p dua trén khéi/heap hay sdp x€p trén cay (heap sort).
G day chung ta chi trinh bay thuat toan sép x€p chon tryc ti€p
Thudt todn sdp xép chon truc tiép (Straight Selection Sort):
- Tu tudng:

+ Ban dau day c6 N phan ti chua cé tht ty. Ta chon phan t& cé gia tri nhd nhat
trong N phan tf chua c6 thd ty nay dé dua lén dau nhém N phan tu.

+ Sau lan tht nhat chon lya phan t& nhé nhéat va dua lén dau nhém ching ta con lai
N-1 phéan t& ding & phia sau day M chua c6 thi tu. Chung ta ti€p tuc chon phan
t& c6 gia tri nhd nhét trong N-1 phan tir chua cé thd tu nay dé dua lén dau nhém
N-1 phéan td. ... Do vay, sau N-1 lan chon lya phan t& nhd nhat dé dua lén dau
nhém thi tat ca cac phan ti trong day M sé c6 tha ty tang.

+ Nhu vay, thuat toan nay cha yéu chung ta di tim gia tri nhd nhat trong nhém N-K
phan ti chua cé thd tu dung & phia sau day M. Viéc nay don gidn chung ta van
dung thuat toan tim kiém tuan ty.

- Thuat toan:

Bl:K=0
B2: IF (K = N-1)
Thuc hién Bkt
B3: Min = M[K+1]
B4: PosMin = K+1
B5: Pos = K+2
B6: IF (Pos > N)
Thuc hién B8
B7: ELSE
B7.1: If (Min > M[Pos])
B7.1.1: Min = M[Pos]
B7.1.2: PosMin = Pos
B7.2: Pos++
B7.3: Lap lai B6
B8: HoanVi(M[K+1], M[PosMin])
B9: K++
B10: Lap lai B2
Bkt: Két thuc

- Cai dat thuat toan:

Ham SelectionSort c6 prototype nhu sau:
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void SelectionSort(T M[], int N);

Ham thyc hién viéc sdp x€p N phan ti cé ki€u di liéu T trén mang M theo thi ty
tang dua trén thuat toan sép x€p chon tryc ti€p. N6éi dung ciia ham nhu sau:

void SelectionSort(T M[], int N)
{ int K =0, PosMin;
while (K < N-1)
{ T Min = M[K];
PosMin = K;
for (int Pos = K+1; Pos < N; Pos++)
if (Min > M[Pos])
{ Min = M[Pos];
PosMin = Pos

Swap(M[K], M[PosMin]);
K++;
}

return;

§
- Vi du minh hoa thuat toan:
Gia s ta can sép x€p mang M c6 10 phan ti sau (N = 10):
M: 1 60 2 25 15 45 5 30 33 20

Ta sé thuc hién 9 1an chon lya (N - 1 = 10 - 1 = 9) phan t& nhd nhat dé sdp xép
mang M:

Ldn 1: Min=1 PosMin=1 K=0
K+1

M: 1 60 2 25 15 45 5 30 33 20

Ldn 2: Min =2 PosMin=3 K-=1

K+1
=== X
M: 1 60 2 25 15 45 5 30 33 20
_. ==
K+1
M: 1 2 60 25 15 45 5 30 33 20

Ldn 3: Min=5 PosMin=7 K=2

K+4 \

M: 1 2 £ 25 15 45 /5 30 33 20
K+1

M: 1 2 5 25 15 45 60 30 33 20
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Lan 4: Min = 15 PosMin=5 K=3

K+1m
M: 1 2 5 25 15 45 60 30 33 20
K+1
M: 1 2 5 15 25 45 60 30 33 20
Lan 5: Min = 20 PosMin = 10 K =4
e Y
M: 1 2 5 15 25 45 60 30 33 20
K+1
M: 1 2 5 15 20 45 60 30 33 25
Lan 6: Min =25 PosMin = 10 K =5
K+1
/ N
M: 1 2 5 15 20 45 60 30 33 25
AL J
K+1
M: 1 2 5 15 20 25 60 30 33 45
Ladn 7: Min = 30 PosMin=8 K =6
K+
M: 1 2 5 15 20 25 60 30 33 45
K+1
M 1 2 5 15 20 25 30 60 33 45
Lan 8: Min =33 PosMin=9 K-=7
K+1
M: 1 2 5 15 20 25 30 60 3? 45
K+1
M: 1 2 5 15 20 25 30 33 60 45
Lan 9: Min = 45 PosMin = 10 K =8
A
M: 1 2 5 15 20 25 30 33

Trang: 52

60 45
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K+1
M: 1 2 5 15 20 25 30 33 45 60
Sau lan 9: K = 9 va mang M tré thanh:
M: 1 2 5 15 20 25 30 33 45 60

- Phan tich thuat toan:

+ Trong moi trudng hgp:
S6 phép so sanh: S = (N-1)+(N-2)+..+1 = Nx(N-1)/2
S6 phép hoan vi: H = N-1

+ Trudng hgp t6t nhat, khi madng M ban dau da cé thu ty tang:
S6 phép gan: Gmin = 2x(N-1)

+ Trudng hgp xau nhat, khi mang M ban dau da c6 thi ty gidm dan:
S6 phép gan: Gmax = 2x[N+(N-1)+ .. +1] = Nx(N+1)

+ Trung binh:
S6 phép gan: Gavg = [2x(N-1)+Nx(N+1)]/2 = (N-1) + Nx(N+1)/2

3.2.3. Sdp xép bdng phuong phdp chén (Insertion Sort)

Cac thuat toan trong phan nay sé tim cach tan dung K phan t& dau day M da c6 thu tu
tang, chung ta dem phan t& thi K+1 chén vao K phan t& dau day sao cho sau khi chén
chung ta ¢cé K+1 phan t dau day M da c6 tha ty tang.

Ban dau day M c6 it nhat 1 phan t& dau day da cé thi tu tang (K=1). Nhu vay sau t6i
da N-1 buéc chén la chung ta sé& sdp x€p xong day M cé N phan t theo thu tu tang.

Cac thuat toan sép x€p bang phuong phap chén bao gom:
- Thuat toan sdp x€p chén truc ti€p (straight insertion sort),
- Thuéat toan sdp x€p chén nhi phan (binary insertion sort).
Trong tai liéu nay chung ta chi trinh bay thuéat toan sép xé€p chén tryc tiép.
Thudt todn sdp xép chén truc tiép (Straight Insertion Sort):
- Tu tudng:

D& chén phan ti tht K+1 vao K phan t& dau day da cé thd tu ching ta sé ti€n hanh
tim vi tri ding cta phan t& K+1 trong K phan t& dau bang cach van dung thuat giai
tim ki€m tuan ty (Sequential Search). Sau khi tim dugc vi tri chén (chdc chén c6 vi
tri chén) thi chung ta sé ti€n hanh chén phan ti K+1 vao dung vi tri chén bang cach
ddi cac phan t tu vi tri chén dén phan t tht K sang phai (ra phia sau) 01 vi tri va
chén phan td K+1 vao vi tri ciia né.

- Thuat toan:

Bl:K =1
B2: IF (K = N)

Trang: 35
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Thuc hién Bkt
B3: X = M[K+1]
B4: Pos =1
B5: IF (Pos > K)
Thyc hién B7
B6: ELSE //Tim vi tri chén
B6.1: If (X <= M[Pos])
Thyc hién B7
B6.2: Pos++
B6.3: Lap lai B6.1
B7: 1=K+l
B8: IF (I > Pos) //Né&u con phai ddi cac phan t ti Pos->K vé phia sau 1 vi tri
B8.1: M[I] = M[I-1]
B8.2: I--
B8.3: Lap lai B8
B9: ELSE //Pa ddi xong cac phan tu t Pos->K vé phia sau 1 vi tri
B9.1: M[Pos] = X //Chen X vao vi tri Pos
B9.2: K++
B9.3: Lap lai B2
Bkt: K&t thac

- Cai dat thuat toan:
Ham InsertionSort cé prototype nhu sau:
void InsertionSort(T M[], int N);

Ham thyc hién viéc sdp x€p N phan ti cé ki€u di liéu T trén mang M theo thi ty
tang dya trén thuat toan sép x€p chén truc ti€p. Noi dung cia ham nhu sau:

void InsertionSort(T M[], int N)
{ int K =1, Pos;
while (K < N)
{ T X=MK];
Pos = 0;
while (X > M[Pos])
Pos++;
for (int 1= K; I > Pos; I--)
M[I] = M[I-1];
M[Pos] = X;
K++;
H

return;

H
- Vi du minh hoa thuat toan:
Gia s ta can sép x€p mang M c6 10 phan ti sau (N = 10):
M: 11 16 12 75 51 54 5 73 36 52

Ta sé thyc hién 9 1an chén (N - 1 = 10 - 1 = 9) céac phan ti vao day con da cé thu ty
tang ding dau day M:
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Lan 1 X = M[Kl] M[2] = 16  Pos
K:

M@Q@@@Q@@Q@

LanzK 2 X-= M[K 1]=M[3]=12 Pos
K:

M@o@@@c@@c@
?@@0@@0@@0@

Lan3: K =3 X =M[K+1] = M[4] 75  Pos

3@@0@@0@@0@
?@@0@@0@@0@

Lan4:K=4 X =M[K+1] = M[5] 51 Pos

3@@0@@0@@0@
?@@0@@0@@0@

Lan5:K=5 X =M[K+1] = M[6] 54  Pos

3@@0@@0@@0@
FYY Y Y Yolololole

ﬁ

Trang: 35
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Lan6 K=6 X = M[K+1] = M[7] = Pos =1

@@0@0@@@0@
00 0®0O0066

Lan7 K=7  X=MK+1]=M[8 =73 Pos=7

@@@0@}:@0@
' 000000 D06 6

Lan 8: K =8 X=MK+1] =M[9] =36 Pos=5
D OOOOOOOEE
\x
1 2 3 4 5 6 7 8
o Lrrlcle
Lan 9: K =9 X = M[K+1] = M[10] = 52 Pos =

3@@@00@&1\@
Q0P POEOO®OE

Thuat toan két thuc: K = 10, médng M da dugc sap x€p theo thi ty tang

ofolololcjololololo
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- Phan tich thuat toan:

+ Trudng hgp tét nhat, khi mang M ban dau da cé thu ty tang:

S6 phép gan: Gmin = 2x(N-1)
S6 phép so sanh: Smin = 1+2+..+(N-1) = Nx(N-1)/2
S6 phép hoan vi: Hmin = 0

+ Trudng hgp x4u nhéat, khi mang M ban dau luén cé phan t& nhd nhét trong N-K
phan tlf con lai ding & vi tri sau cung sau méi lan hoan vi:

S6 phép gan: Gmax = [2x(N-1)]+[ 1+2+..+(N-1)] = [2x(N-1)] + [Nx(N-1)/2]
S6 phép so sanh: Smax = (N-1)
S6 phép hoan vi: Hmax = 0

+ Trung binh:

S6 phép gan: Gavg = 2x(N-1) + [Nx(N-1)/4]
S6 phép so sanh: Savg = [Nx(N-1)/2 + (N-1)]/2 = (N+2)x(N-1)/4
S6 phép hoan vi: Havg = 0

+ Chung ta nhan thay rang qua trinh tim ki€m vi tri chén ctia phan t0 K+1 va qua
trinh doi cac phan ti tir vi tri chén dén K ra phia sau 01 vi tri c6 thé két hgp lai
vGi nhau. Nhu vay, qua trinh di ddi cac phan td ra sau nay sé bat dau ti phan t
thi K trd vé dau day M cho dén khi gap phan ti cé gia tri nhé hon phan to K+1
thi ching ta dong thdi vira di d&i xong va déng thdi cing bt gap vi tri chén.
Ngoai ra, chiing ta ciing cé thé tinh toan gia tri ban dau cho K tuy thuéc vao sé
phan t& ding dau day M ban dau cé tht ty tdng la bao nhiéu phéan t& chi khéng
nhat thi€t phai la 1. Khi d6, thuat toan sédp x&p chén tryc ti€p cla ching ta c6 thé
dugc hiéu chinh lai nhu sau:

- Thuéat toan hiéu chinh:

Bl1:K=1

B2: IF (M[K] <= M[K+1] And K < N)
B2.1: K++
B2.2: Lap lai B2

B3: IF (K = N)
Thuc hién Bkt

B4: X = M[K+1]

B5: Pos = K

B6: IF (Pos > 0 And X < M[Pos])
B6.1: M[Pos+1] = M[Pos]
B6.2: Pos--
B6.3: Lap lai B6

B7: ELSE //Chén X vao vij tri Pos+1
B7.1: M[Pos+1] = X
B7.2: K++
B7.3: Lap lai B3

Bkt: Két thuc

- Cai dat thuat toan hiéu chinh:

Ham InsertionSort1 c6 prototype nhu sau:
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void InsertionSort1(T M[], int N);

Ham thyc hién viéc sdp x€p N phan ti cé ki€u di liéu T trén mang M theo thi ty
tang dua trén thuat toan sip x€p chén tryc ti€p da hiéu chinh. N6i dung cua ham
nhu sau:
void InsertionSort1(T M[], int N)
{ int K =1, Pos;
while(M[K-1] <= M[K] && K<N)
K++;
while (K < N)
{ T X=MK];
Pos = K-1;
while (X < M[Pos] && Pos >= 0)
{ M[Pos+1] = M[Pos]; Pos--; }
M[Pos+1] = X
K++;
}

return;

H
- Vi du minh hoa thuéat toan hiéu chinh:
Gia s ta can sép x€p mang M c6 10 phan ti sau (N = 10):
M: 14 16 20 75 50 5 25 75 60 50

Ban dau K = 4 nén ta sé thyc hién 6 lan chén (N - 4 = 10 - 4 = 6) cac phan td vao
day con da c6 thi ty tang dung dau déy M:

Lan 1: K 4 X = M[K+1] M[5] Pos =3 =>Pos + 1 =

QQQ@C@@@QQ

X=50

gclcroYorclololololo
000000000

Lan 2: K 5 X = M[K+1] M[6] Pos=0=>Pos+1=1

QQQQ@@@@QQ

Y Y Iclelolor

Trang: 3&

s
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@éééé@@@@@

Lan 3: K 6 X M[K+1] M[?] Pos =4=>Pos+1=5
X=25

A

1 2 3 4 5 /6/
" QO@OOE®®®®®
Ko 1 2 3 4 5 6
ONORONOIONCOROROIOXO
X
Lan4K 7 X- M[K+l] M[8]_7

orrrrrrelcle

Pos_7_>Pos+1_

X=75
errrrelclele
X=75
Lan 5: K = 8 X =M[K+1] =M[9] =60 —_ Pos =6 =>Pos +1=7
1 2 3 4 5 7 8

X=60

0006006600
w@@@@@@@@@@

Lan6K 9 X = M[K+1] M[lO] 50 Pos— —>Pos+1—7

orerrrrerele

Trang: 29
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X=50
K: 1 2 3 4 5 6 7 8 9
HOXOROROIORORONOROROD,
K: 1 2 3 4 5 6 7 8 9
HOXOROROIORORONORORD,

X
Thuat toan két thuc: K = 10, médng M da dugc sap x€p theo thi ty tang
K: 1 2 3 4 5 6 7 8 9 10
HORXOROROIORORORORORD,
- Phan tich thuat toan hiéu chinh:

+ Trudng hgp tét nhat, khi mang M ban dau da cé thu ty tang:
S6 phép gan: Gmin = 1
S6 phép so sanh: Smin = 2x(N-1) + 1
S6 phép hoan vi: Hmin = 0
+ Trudng hgp xdu nhat, khi mang M ban dau da c6 tha tu gidm dan:
S6 phép gan: Gmax = 1+[1+2+..+(N-1)]+[N-1] = Nx(N+1)/2
S6 phép so sanh: Smax = 1+2x[1+2+...+(N-1)]+[N-1] = N?
S6 phép hoan vi: Hmax = 0

+ Trung binh:

S6 phép gan: Gavg = [1+ Nx(N-1)/2]/2
S& phép so sanh: Savg = [2x(N-1) + 1+N?]/2
S6 phép hoan vi: Havg = 0

3.2.4. Sdp xép bdng phuong phdp trén (Merge Sort)

Cac thuat toan trong phan nay sé tim cach tach mang M thanh cac mang con theo cac
dudng chay (run) réi sau dé ti€n hanh nhap cac mang nay lai theo tiing cap dudng
chay dé tao thanh cac dudng chay méi cé chiéu dai 16n hon dudng chay ci. Sau mét
s6 lan tach/nhap thi cuéi cung mang M chi con lai 1 dudng chay, lac dé thi cac phan tu
trén méang M sé trd nén cé thu ty.

Cac thuat toan sdp x€p bang phuong phap trén bao gom:
- Thuéat toan sap x&p tron thang hay tron truc ti€p (straight merge sort),
- Thuat toan sdp x&€p tron ty nhién (natural merge sort).

Truéc khi di vao chi tiét tiing thuat toan ching ta hay tim hiéu khai niém va cac van dé
liéen quan dén dudng chay (run)

- budng chay (Run):
Day M[I], M[I+1], .., M[J] (I<J: 1 <1, J <N) la mét dudng chay néu né cé thu tu.
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- Chiéu dai ctia dudng chay (Run’s Length):

S6 phan t&f cua mét dudng chay con dugc goi la chiéu dai cua dudng chay.
Nhu vay:

+ Méi phan tf cua day la mét dudng chay cé chiéu dai bang 1.
+ Mot day c6 thé bao gom nhiéu dudng chay.

- Tron céac dudng chay:

Khi ta tron cac dudng chay lai vSi nhau sé cho ra mét dudng chay mdi c6 chiéu dai
b&ng téng chiéu dai cac dusng chay ban dau.

a. Thudt todn sdp xép tron truc tiép hay tron thing (Straight Merge Sort):
- Tu tudng:

Ban dau day M cé N run(s) véi chiéu dai méi run: L = 1, ta ti€n hanh phan phéi luan
phién N run(s) cia day M vé hai day phu Templ, Temp2 (Mdi day phu c6 N/2
run(s)). Sau dé trén tucng Ung ting cap run & hai day phu Temp1, Temp2 thanh mét
run méi cé chiéu dai L = 2 dé dua vé M va day M tré thanh day cé6 N/2 run(s) véi
chiéu dai méi run: L = 2.

Nhu vay, sau méi lan phan phéi va trén cac run trén day M thi s6 run trén day M sé
gidm di mot nia, déng thdi chiéu dai méi run sé tdng gap déi. Do dé, sau Log,(N)
lan phan phéi va trén thi day M chi con lai 01 run véi chiéu dai la N va khi d6 day M
trd thanh day cé tha tu.

Trong thuéat giai sau, dé dé theo déi chuing ta trinh bay riéng 02 thuat giai:
+ Thuat gidi phan phdi luan phién (tach) cac dudng chay véi chiéu dai L trén day
M vé cac day phu Temp1, Temp2.
+ Thuat giai tron (nhap) cac cap dudng chay trén Templ, Temp2 cé chiéu dai L
vé M thanh cac dudng chay vdi chiéu dai 2*L.

- Thuéat toan phan phéi:

Bl:1=1 //Chisé trén M

B2: J1 = 1 //Chi s6 trén Templ1

B3: J2 = 1 //Chi s6 trén Temp?2

B4:IF (1> N)  //Pa phan phdi hét
Thuc hién Bkt

//Chép 1 run tu M sang Temp1

B5: K = 1 //Chi s6 dé duyét cac run

B6: IF (K > L) //Duyét hét 1 run
Thuc hién B13

B7: Temp1[J1] = M[]]  //Chép céc phan t cia run trén M sang Templ

B8: [++

BO: J1++

B10: K++

B11:IF (> N) //Pa phan phdi hét
Thuc hién Bkt

B12: Lap lai B6

//Chép 1 run tu M sang Temp2
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B13: K =1
B14: IF (K > L)
Thuc hién B21
B15: Temp2[J2] = M[I]] //Chép cac phan t cua run trén M sang Temp2
B16: [++
B17: J2++
B18: K++
B19:IF (> N) //Pa phan phdi hét
Thuc hién Bkt
B20: Lap lai B14
B21: Lap lai B4
B22: N1 = J1-1 //S6 phan tu trén Templ
B23: N2 = J2-1 //S6 phan t( trén Temp2
Bkt: K&t thac

- Thuat toan tron:

Bl:1=1 //Chisétréen M
B2: J1 = 1 //Chi s6 trén Templ1
B3: J2 = 1 //Chi s6 trén Temp?2
B4: K1 = 1//Chi s6 dé duyét cac run trén Templ
B5: K2 = 1//Chi s6 dé duyét cac run trén Temp?2
B6: IF (J1 > N1) //Pa chép hét cac phan t trong Templ
Thuc hién B25
B7: IF (J2 > N2) //Pa chép hét cac phan t trong Temp2
Thuc hién B30
B8: IF (Temp1[J1] < Temp2[J2]) //Temp1[J1] dung tru6c Temp2[J2] trén M
B8.1: M[I] = Temp1[J1]
B8.2: [++
B8.3: J1++
B8.4: K1++
B8.5: If (K1 > L) //Pa duyét hét 1 run trong Templ
Thuc hién B11
B8.6: Lap lai B6
B9: ELSE //Temp2[J2] dung truéc Templ[J1] trén M
B9.1: M[I] = Temp2[J2]
BO.2: [++
B9.3: J2++
B9.4: K2++
B9.5: If (K2 > L) //Da duyét hét 1 run trong Temp?2
Thuc hién B18
B9.6: Lap lai B6
B10: Lap lai B4
//Chép phan run con lai trong Temp2 vé M
B11: IF (K2 > L) //Pa chép hét phan run con lai trong Temp2 vé M

Lap lai B4
B12: M[I] = Temp2[J2]
B13: I++
B14: J2++
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B15: K2++

B16: IF (J2 > N2) //Pa chép hét cac phan ti trong Temp?2
Thuc hién B30

B17: Lap lai B11

//Chép phan run con lai trong Temp1 vé M

B18: IF (K1 > L) //Pa chép hét phan run con lai trong Temp1 vé M

Lap lai B4
B19: M[I] = Temp1[J1]
B20: [++
B21: J1++
B22: K1++

B23: IF (J1 > N1)//Pa chép hét cac phéan ti trong Temp1
Thuc hién B25
B24: Lap lai B18
//Chép céac phan t con lai trong Temp2 vé M
B25: IF (J2>N2)
Thuc hién Bkt
B26: M[I] = Temp2[J2]
B27: [++
B28: J2++
B29: Lap lai B25
//Chép céac phéan td con lai trong Temp1 vé M
B30: IF (J1-N1)
Thuc hién Bkt
B31: M[l] = Temp1[J1]
B32: [++
B33: J1++
B34: Lap lai B30
Bkt: K&t thac
- Thuat toan sép xép tron thing:
B1:L =1 //Chiéu dai ban dau cta céac run
B2:IF (L>N) //Day chi con 01 run
Thuc hién Bkt
B3: Phan_Phoi(M, N, Temp1, N1, Temp2, N2, L)
B4: Tron(Templ, N1, Temp2, N2, M, N, L)
B5: L = 2*L
B6: Lap lai B2
Bkt: K&t thac
- Cai dat thuat toan:
Ham StraightMergeSort c6 prototype nhu sau:
void StraightMergeSort(T M[], int N);
Ham thuc hién viéc sdp xé€p N phan t& cé ki€u dir liéu T trén mang M theo thd ty
tang dya trén thuat toan sdp trén tryc ti€p. Ham s dung céac ham Distribute, Merge
co6 prototype va y nghia nhu sau:

void Distribute(T M[], int N, T Templ]], int &N1, T Temp?2[], int &N2, int L);
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Ham thyc hién viéc phan phéi luan phién cac dudng chay cé chiéu dai L trén day M
c6 N phan t vé thanh cac day Temp1 va Temp2 c6 tuong ting N1 va N2 phan tu.

void Merge(T Templ]], int N1, T Temp2[], int N2, T M[], int &N, int L);

Ham thuc hién viéc trén tung cdp tuong ung cac dudng chay véi dé dai L trén
Temp1, Temp2 vé day M thanh cac dudng chay c6 chiéu dai 2*L.

N6éi dung cda cac ham nhu sau:

void Distribute(T M][], int N, T Templ][], int &N1, T TempZ2[], int &N2, int L)
{ int 1=0,Jd1=0,J2=0;
while (I < N)
{ for(int K = 0; K<L && [<N; K++, [++, J1++)
Temp1[J1] = M[]];
for(K = 0; K<L && [<N; K++, [++, J2++)
Temp2[J2] = M[I];
}
N1 = J1;
N2 = J2;
return;

void Merge(T Templ]], int N1, T Temp?2[], int N2, T M][], int &N, int L)
{int 1=0,J1=0,J2=0,K1=0,K2=0;
while (J1 < N1 && J2 < N2)
{ while (Temp1[J1] <= Temp2[J2] && J1 < N1 && J2 < N2)
{ M[I] = Templ[J1];
[++;
J1++;
if (J1 == N1)
{ for (; J2 < N2; J2++, [++)
MJ[I] = Temp2[J2];

return;
}
K1++;
if (K1 ==1L)

{ for (; K2 < L && J2 < N2; K2++, [++, J2++)
M[I] = Temp2[J2];
K1 = K2 = 0;
break;
}
}
while (Temp2[J2] < Temp1[J1] && J1 < N1 && J2 < N2)
{ M[I] = Temp2[J2];
[++;
J2++;
if (J2 == N2)
{ for (; J1 < N1; J1++, [++)
M[I] = Temp1[J1];
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return;
¥
K2++;
if (K2 == L)

{ for (; K1 < L && J1 < N1; K1++, [++, J1++)
M[I] = Temp1[J1];
K1 = K2 = 0;
break;
¥
}

}
while (J1 < N1)

{ M[I] = Templ1[J1];
[++;
J1++;

H
while (J2 < N2)

{ M[I] = Temp2[J2];
[++;
J2++;

§
N = N1 + N2;
return;

void StraightMergeSort(T M[], int N)
{ int L=1,N1=0,N2-=0;
T * Templ = new T[N];
T * Temp2 = new T[N];
if (Temp1 == NULL |l Temp2 == NULL)
return;
while (L < N)
{ Distribute(M, N, Temp1, N1, Temp2, N2, L);
Merge(Temp1, N1, Temp2, N2, M, N, L);
L =2*L;

b
delete Templ;

delete Temp?2;
return;

H
- Vi du minh hoa thuat toan:
Gia s’ ta can sép x€p mang M c6 10 phan ti sau (N = 10):
M: 41 36 32 47 65 21 52 57 70 50
Ta thuc hién céac lan phan phéi va tréon cac phan t cia M nhu sau:

Lan 1: L =1
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Phan phéi M thanh Temp1, Temp2:

W EEOEE@EE®®®
O EEE®
B OROIOIONO

Tron Templ, Temp2 thanh M:

RN OIOIOIOND

e @) G G Go)

Lan2: L =2

Phan phéi M thanh Temp1, Temp2:

w G D@ DG & DG
T G DGE » @

Tron Templ, Temp2 thanh M:

T G D@ » G
@ DG »
@ % a DA = G W

Lan3: L =4
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Phan phéi M thanh Temp1, Temp2:

Temp1:N1=6

Temp2: N2=4

Tron Templ, Temp2 thanh M:

Temp1:N1=6

Temp2: N2=4

M: 1 32 36 41 47

52 57 65

Lan4:L =8

Phan phéi M thanh Temp1, Temp2:

M: 21 32 36 41 47

41 47 52 57 6

Templ: N1=8 21 32 36
Temp?2: N2=2

Tron Templ, Temp2 thanh M:

41 47 52 57 6

Templ: N1=8 21 32 36
Temp2: N2=2
M: 1 32 36 41 47

50 52 57 65 7

L = 16 > 10: K&t thac thuat toan

- Phan tich thuat toan:

+ Trong thuat giai nay chung ta luén thuc hién log>(N) lan phan phdi va trén cac run.
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+ G méi lan phan phéi run ching ta phai thuc hién: N phép gan va 2N phép so sanh
(N phép so sanh hét dudng chay va N phép so sanh hét day).

+ G méi lan tron run ching ta cting phai thuc hién: N phép gan va 2N+N/2 phép so
sanh (N phép so sanh hét dudng chay, N phép so sanh hét day va N/2 phép so
sénh gia tri cac cap tuong Ung trén 2 day phu).

+ Trong moi trudng hgp:

S6 phép gén: G = 2NxLogz(N)
S6 phép so sanh: S = (4N+N/2)xLogx(N)
S6 phép hoan vi: Hmin = 0

+ Trong thuat gidi nay chung ta st dung 02 day phu, tuy nhién téng s& phan ti & 02
day phu nay cang chi bang N, do vay da tao ra su lang phi b6 nhé khéng can
thiét. D€ gidi quyét van dé nay ching ta chi can st dung 01 day phu song chung
ta két hgp quéa trinh trén cac cap run cé chiéu dai L tuong Uung & hai dau day
thanh cac run c6 chiéu dai 2L va phan phdi luan phién vé hai dau cua moét day
phu. Sau dé ching ta déi vai trd ctiia 02 day nay cho nhau.

+ Trudc khi hiéu chinh lai thuat gidi ching ta xét day M gém 10 phéan t& sau dé minh
hoa cho qua trinh nay:

Gia s ta can sép x€p mang M c6 10 phan td sau (N = 10):
M: 81 63 69 74 14 77 56 57 9 25

Ta thyc hién céac lan tron cac cdp run & hai dau day nay va két hgp phan phéi céac
run mdi trén vé hai dau day kia nhu sau:

Lan 1: L =1

Tron cac cép run cé chiéu dai L = 1 trén M thanh cac run cé chiéu dai L = 2 va két
hgp phan phéi luan phién cac run nay vé hai dau day Tmp:

@D @@WHEHOE®

Ddi vai trd cia M va Tmp cho nhau

Lan2: L =2

Tron cac cép run cé chiéu dai L = 2 trén M thanh cac run cé chiéu dai L = 4 va két
hgp phan phdi luan phién cac run nay vé hai dau day Tmp:
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Déi vai tro cia M va Tmp cho nhau

M: 9 25 63 81 14 77 74 69 57 56

Lan 3: L =4

Troén cac cép run cé chiéu dai L = 4 trén M thanh cac run cé chiéu dai L = 8 va két
hgp phan phéi luan phién cac run nay vé hai dau day Tmp:

M (9 25 63 8D (14 77) (4 69 57 56
Tmp<Q_ 25 56) @9 4 8> (77 14

Ddi vai trd cia M va Tmp cho nhau

M: 9 25 56 57 63 69 74 81 77 14

Lan4:L =8

Tron cac cép run cé chiéu dai L = 4 trén M thanh cac run cé chiéu dai L = 8 va két
hgp phan phéi luan phién cac run nay vé hai dau day Tmp:

M. <9 25 56 57 63 6@
] \
Tmp<@ 14 25 56 57 63 60 74> (77 8D

Ddi vai trd cia M va Tmp cho nhau

M: 9 14 25 56 57 63 69 74 77 8

L = 16 > 10: K&t thac thuat toan

+ Nhu vay, trong thuat gidi nay chang ta chi con thao tac trén cac cap run cé chiéu
dai L tuong Ung & hai dau day thanh mét run méi cé chiéu dai 2L dé dua vé day
phu. Van dé la chung ta sé luan phién dat run mdi vao dau day phu (theo thu ty
tang) va cudi day phu (theo th’ ty gidm). Téc la hai budc trén va phan phéi da
dugc két hgp lai v8i nhau. Thuat giai hiéu chinh nhu sau:

- Thuat toan Tron - Phan phéi cac cap dudng chay:

B1:11 = 1 // Chi sé tu dau day M

B2: 12 = N // Chi s6 tu cudi day M

B3: J1 = 1 // Chi s6 tur dau day Temp

B4: J2 = N// Chi s6 tu cudi day Temp

B5: Head = True // C3 bao phia dat run mdi trong qué trinh trén - phan phdoi
B6: K1 = 1// Chi s6 dé duyét cac run dau day M

B7: K2 = 1// Chi s6 dé duyét cac run cudi day M

B8: IF (I1 > 12) //Da trén va phan phdi hét cac run
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Thuc hién Bkt
BO: IF (M[I1] < M[I12])  // M[I1] ding trudc M[I2] trén Temp
B9.1: If (Head = True)
B9.1.1: Temp[J1] = M[I1]
B9.1.2: J1++
B9.2: Else
B9.2.1: Temp[J2] = M[I1]
B9.2.2: J2--
BO.3: I1++
B9.4: If (I1 > 12)
Thuc hién Bkt
B9.5: K1++
B9.6: If (K1 > L) //Pa duyét hét 1 run phia dau trong M
Thuc hién B11
B9.7: Lap lai B9
B10: ELSE // M[12] dung truéc M[I1] trén Temp
B10.1: If (Head = True)
B10.1.1: Temp[J1] = M[I2]
B10.1.2: J1++
B10.2: Else
B10.2.1: Temp[J2] = M[I2]
B10.2.2: J2--
B10.3: I2--
B10.4: If (I1 > 12)
Thuc hién Bkt
B10.5: K2++
B10.6: If (K2 > L) //Da duyét hét 1 run phia sau trong M
Thuc hién B18
B10.7: Lap lai B9

//Chép phan run con lai & phia sau trong M vé Temp

B11: IF (K2 > L) //Pa chép hét phan run con lai & phia sau trong M vé Temp
B11.1: Head = Not(Head)
B11.2: Lap lai B6

B12: IF (Head = True)

B12.1: Temp[J1] = M[I2]
B12.2: J1++

B13: ELSE
B13.1: Temp[J2] = M[I2]
B13.2: J2--

B14.: I2--

B15: If (I1 > I2)

Thuc hién Bkt

B16: K2++

B17: Lap lai B11

//Chép phan run con lai & phia truéc trong M vé Temp
B18: IF (K1 > L) //Pa chép hét phan run con lai & phia truéc trong M vé Temp

Trang: 50



Gido tnint: Chu Tnic Dic Licw va Gide Thadt

B18.1: Head = Not(Head)
B18.2: Lap lai B6

B19: IF (Head = True)
B19.1: Temp[J1] = M[I1]
B19.2: J1++

B20: ELSE
B20.1: Temp[J2] = M[I1]
B20.2: J2--

B21: [1++

B22: If (I1 > 12)
Thuc hién Bkt

B23: K1++

B24: Lap lai B18

Bkt: K&t thac

- Thuat toan sép xép tron thang hiéu chinh:

B1: L =1 //Chiéu dai ban dau cua cac run
B2:IF (L>N) //Day chicon 01 run
Thuc hién Bkt
B3: Trén_Phan_Phéi(M, N, Temp, L)
B4: L = 2*L
B5: IF (L > N)
// Chép cac phan t& td Temp vé M
B5.1:1=1
B5.2: If (I > N)
Thuc hién Bkt
B5.3: M[I] = Temp[]]
B5.4: [++
B5.5: Lap lai B5.2

B6: Tron_Phan_Phdi(Temp, N, M, L)
B7: L = 2*L
B8: Lap lai B2
Bkt: K&t thuc
- Cai dat thuat toan hiéu chinh:
Ham StraightMergeSortModify c6 prototype nhu sau:
void StraightMergeSortModify(T M][], int N);

Ham thuc hién viéc sdp xé€p N phan t& cé ki€u dir liéu T trén mang M theo thd ty
tang dua trén thuat toan sap tron truc ti€p da hiéu chinh. Ham s dung ham
MergeDistribute c6 prototype va y nghia nhu sau:

void MergeDistribute(T M][], int N, T Temp]], int L);

Ham thuc hién viéc trén cac cap run cé chiéu dai L 3 hai dau day M thanh mét run
c6 chiéu dai 2L va phan phdi luan phién cac run cé chiéu dai 2L nay vé hai dau day
Temp. Noi dung ciia ham nhu sau:

void MergeDistribute(T M][], int N, T Temp]], int L)
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{ int I1=0,12=N-1,J1=0,J2=N-1, K1 =0, K2 =0, Head = 1;
while (11 <= 12)
{ while (M[I1] <= M[I12] && I1 <= 12)
{ if (Head == 1)
{ Temp[d1] = M[I1];
J1++;
H

else
{ Temp[J2] = M][I1];
J2--;
¥
[1++;
if (11 > 12)
break;
K1++;
if (K1 ==1L)
{ for (; K2 <L && 11 <= 12; K2++, 12--)
if (Head == 1)
{ Temp[Jd1] = M[I2];
J1++;
¥

else
{ Temp[J2] = M[I2];
J2--;
}
Head = 0-Head;
K1 = K2 = 0;
break;
}
}
while (M[I12] <= M[I1] && I1 <= 12)
{ if (Head == 1)
{ Temp[Jd1] = M[I2];
J1++;
}
else
{ Temp[J2] = M[I2];
J2--;
}
12--;
if (I1 > 12)
break;
K2++;
if (K2 ==1L)
{ for (; K1 < L && 11<=12; K1++, [1++)
if (Head == 1)
{ Temp[J1] = M[I1];
J1++;
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}

else
{ Temp[J2] = M[I1]
J2--;
¥
Head = 0-Head;
K1 = K2 = 0;
break;
¥

}

return;

void StraightMergeSortModify(T M[], int N)
{ int L=1;
T * Temp = new T[N];
if (Temp == NULL)
return;
while (L < N)
{ MergeDistribute(M, N, Temp, L);
L = 2*L;
if (L >=N)
{ for (int [ =0;1 < N; I++)
M[I] = Templ(l];
break;

}
MergeDistribute(Temp, N, M, L);
L = 2*L;
}
delete Temp;
return;

}

- Phan tich thuat toan hiéu chinh:
+ Trong thuat giai nay chung ta luén thuc hién log,(N) I1an trén - phan phéi cac run.
+ Méi lan tréon-phan phéi ching ta phai thyc hién: N phép gan va N+N/2+N/2=2N
phép so sanh.
+ Trong moi trudng hgp:

S6 phép gan: G = NxLogx(N)
S6 phép so sanh: S = 2NxLog,(N)
S6 phép hoan vi: Hmin = 0

+ Nhu vay thuat giai tron thang hiéu chinh vira tiét kiém bo nhd, vira thyc hién nhanh
hon thuat giai trén thang ban dau.

+ Tuy nhién, trong thuat giai trén thédng ching ta da thyc hién viéc phan phdi va trén
cac cdp dudng chay cé chiéu dai c6 dinh ma trong thyc t€ trén day cac dudng
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chay cé thé c6 chiéu dai 16n hon. Diéu nay sé gidm bét s6 lan phan phdi va trén
cac cap dudng chay cho ching ta. Thuéat giai trén ty nhién dugc trinh bay sau day
sé loai bé dugc nhugc diém nay cua thuéat giai tron théng.

b. Thudt todn sdp xép tron tu nhién (Natural Merge Sort):
- Tu tudng:

Tan dung céac dudng chay ty nhién cé sén trén day, ti€én hanh trén tuong Ung céc
cap dudng chay ty nhién nam hai dau day M thanh mét dudng chay mdéi va phan
phéi luan phién cac dudng chay méi nay vé hai dau day phu Temp. Sau dé6 lai ti€p
tuc trén tucng Ung tung cap run & hai dau day phu Temp thanh mét run méi va phan
phéi luan phién run mdi nay vé hai dau day M. Cu ti€p tuc nhu vay cho dén khi trén
M hoac trén Temp chi con lai 01 run thi két thac.

- Thuat toan Trén - Phan phéi cac cdp dudng chay ty nhién:

B1:11 =1 // Chi s6 tu dau day M
B2: 12 = N // Chi s6 tu cudi day M
B3: J1 = 1 // Chi s6 tir ddu day Temp
B4: J2 = N// Chi s6 ti cudi day Temp

B5: Head = True // C3 béo phia dat run mdi trong qua trinh tron - phan phéi

B6: IF (I1 > 12) //Pa tron va phan phdéi hét cac run
Thuc hién Bkt

B7: IF (M[I1] < M[I2])  // M[I1] dung truéc M[I2] trén Temp
B7.1: If (Head = True)
B7.1.1: Temp[J1] = M[I1]

B7.1.2: J1++
B7.2: Else
B7.2.1: Temp[J2] = M[I1]
B7.2.2: J2--
B7.3: 11++
B7.4: If (I1 > 12)
Thuc hién Bkt
B7.5: If (M[I1] < M[I1-1]) //Da duyét hét 1 run phia dau trong M
Thuc hién B9
B7.6: Lap lai B7
B8: ELSE // M[I2] ding truéc M[I1] trén Temp
B8.1: If (Head = True)
B8.1.1: Temp[J1] = M[I2]
B8.1.2: J1++
B8.2: Else
B8.2.1: Temp[J2] = M[I2]
B8.2.2: J2--
B8.3: 12--
B8.4: If (I1 > 12)
Thuc hién Bkt
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B8.5: If (M[I2] < M[I2+1]) //Pa duyét hét 1 run phia sau trong M
Thuyc hién B15
B8.6: Lap lai B7

//Chép phan run con lai & phia sau trong M vé Temp

B9: IF (M[I2] < M[I2+1]) //Pa chép hét phan run con lai & phia sau trong M vé Temp
B9.1: Head = Not(Head)
B9.2: Lap lai B6

B10: IF (Head = True)

B10.1: Temp[J1] = M[12]
B10.2: J1++

B11: ELSE
B11.1: Temp[J2] = M[I2]
B11.2: J2--

B12: 12--

B13: IF (11> I2)

Thuc hién Bkt

B14: Lap lai B9

//Chép phan run con lai & phia truéc trong M vé Temp

B15: IF (M[I1]< M[I1-1]) //Da chép hét phan run con lai phia truéc trong M vé Temp
B15.1: Head = Not(Head)
B15.2: Lap lai B6

B16: IF (Head = True)

B16.1: Temp[J1] = M[I1]
B16.2: J1++

B17: ELSE
B17.1: Temp[J2] = M[I1]
B17.2: J2--

B18: I1++

B19: IF (I1> I2)

Thuc hién Bkt

B20: Lap lai B15

Bkt: Két thuc

- Thuat toan sap x&p troén tu nhién:

B1: L =1 //Khdi tao chiéu dai ban dau cta run dau tién
//Tim chiéu dai ban dau cta run dau tién
B2: IF (N < 2)
B2.1: L=N
B2.2: Thuc hién Bkt
B3: IF (M[L] < M[L+1] And L < N)
B3.1: L++
B3.2: Lap lai B3
B4:IF (L=N) //Day chi con 01 run
Thuc hién Bkt
B5: Trén_Phan_Phéi(M, N, Temp, L)
B6: IF (L = N)
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// Chép cac phan ti td Temp vé M

B6.1: 1 =1

B6.2: If (I > N)

Thuc hién Bkt

B6.3: M[I] = Temp[]]

B6.4: [++

B6.5: Lap lai B6.2
B7: Tron_Phan_Phéi(Temp, N, M, L)
B8: Lap lai B4
Bkt: Két thuc

- Cai dat thuat toan tron ty nhién:

Ham NaturalMergeSort c6 prototype nhu sau:
void NaturalMergeSort(T M[], int N);

Ham thuyc hién viéc sép x€p N phan ti c6 ki€u di liéu T trén mang M theo thd ty
tang dua trén thuat toan sdp trén truc ty nhién. Ham s dung ham
NaturalMergeDistribute c6 prototype va y nghia nhu sau:

void NaturalMergeDistribute(T M[], int N, T Temp[], int &L);

Ham thyc hién viéc tron cac cdp run 8 hai dau day M ma run dau tién c6 chiéu dai L
thanh moét run méi chiéu dai 16n hon hodc bang L va phan phéi luan phién run méi
nay vé hai dau day Temp. Noi dung cua ham nhu sau:

void NaturalMergeDistribute(T M[], int N, T Temp[], int &L)
{ int 11 =0,12=N-1,J1 =0, J2 = N-1, Head = 1, FirstPair = 1;
while (I1 < [2)
{ while (M[I1] <= M[I2] && I1 < I2)
{ if (Head == 1)
{ Temp[d1] = M[I1];
J1++;

H

else
{ Temp[J2] = M][I1];
J2--;
}

[1++;
if (M[I1] < M[I1-1])
{ while (M[I2] <= M[I2-1] && 12 > I1)
{ if (Head == 1)
{ Temp[J1] = M[I2];
J1+4;
if (FirstPair == 1)
L++;
H
else
{ Temp[d2] = M[I2];
J2--;
H
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[2--;
¥
if (Head == 1)
{ Temp[Jd1] = M[I2];
J1++;
If (FirstPair == 1)
L++;
¥
else
{ Temp[d2] = M[I2];
J2--;
}
[2--;
FirstPair = O;
if (11 > 12)
return;
Head = O — Head;
break;
¥
}
if (11 == 12)
{ Temp[d1] = M[I1];
if (I1 == N-1)
L=N;
return;

}
while (M[I12] <= M[I1] && 11 < 12)
{ if (Head == 1)
{ Temp[J1] = M[I2];

J1++;
if (FirstPair == 1)
L++;
¥
else
{ Temp[J2] = M[I2];
J2--;
}

[2--;
if (M[12] < M[I12+1])
{ while (M[I1] <= M[I1+1] && 11 < I2)
{ if (Head == 1)
{ Temp[J1] = M[I1];
J1+4;
H

else
{ Temp[J2] = M[I1];
J2--;
}
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[1++;
¥
if (Head == 1)
{ Temp[J1] = M[I1];
J1++;
¥
else
{ Temp[J2] = M[I1];
J2--;
}
[1++;
FirstPair = O;
if (11 > 12)
return;
Head = O — Head;
break;
¥
}
if (11 == 12)
{ Temp[d1] = M[I1];
if (I1 == N-1)
L=N;
return;
}
§
return;

H
[Je=========s==scss=scssssosssoosssossssosssoosssosssomsses
void NaruralMergeSort1(T M][], int N)

{ int L=1;

if (N < 2)
return;

while (M[L-1] < M[L] && L<N)
L++;

T * Temp = new T[N];
if (Temp == NULL)
return;
while (L < N)
{ NaturalMergeDistribute(M, N, Temp, L);
if (L == N)
{ for (int I =0;1 < N; I++)
M[I] = Templl];
break;
}
NaturalMergeDistribute(Temp, N, M, L);

!
delete Temp;

return;
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§
- Vi du minh hoa thuat toan:
Gia s ta can sép x€p mang M c6 10 phan ti sau (N = 10):
M: 51 39 45 55 20 15 20 17 40 10

Ta thuc hién cac l1an trén cac cép run ty nhién & hai dau day nay va két hgp phan
phéi cac run mdi trén vé hai dau day kia nhu sau:

Lan 1: L =1
Trén cac cép run ty nhién cé chiéu dai L1 = 1 va L2 = 2 trén M thanh cac run cé
chiéu dai L = 3 va két hgp phan phéi luan phién cac run nay vé hai dau day Tmp:

v ()@ e D ()()@ D @ o

Déi vai tro cia M va Tmp cho nhau

Lan2: L =3
Tron cac cép run ty nhién cé chiéu dai L1 = 3 va L2 = 5 trén M thanh céc run c6
chiéu dai L = 8 va két hgp phan phdi luan phién cac run nay vé hai dau day Tmp:

n O
Tmp:10 17 20 39 40 45 51 55 20 15

Déi vai tro cia M va Tmp cho nhau

M: 10 17 20 39 40 45 51 55 20 15

Lan 3: L =8

Tron céac cép run ty nhién cé chiéu dai L1 = 8 va L2 = 2 trén M thanh céc run c6
chiéu dai L = 10 va két hgp phan phéi luan phién cac run nay vé hai dau day Tmp:

M: 10 17 20 39 40 45 51 55 20 15
Tmp<10 15 17 20 20 39 40 45 51 5

Ddi vai trd cia M va Tmp cho nhau

M: 10 15 17 20 20 39 40 45 51 55
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L = 10: K&t thuc thuéat toan
- Phan tich thuat toan tron ty nhién:

+ Trong trudng hgp tét nhat, khi day cé thé ty tang thi chang ta khéng phai qua
buéc phan phéi va tron nao hét:

S6 phép gan: Gmin = 1
S6 phép so sanh: Smin = 2(N-1) + 2 = 2N
S6 phép hoan vi: Hmin = 0

+ Trong trudng hgp x&u nhat, khi day cé thi ty gidam & nta dau va cé thi tu tang &
nda cudi va & mdi budc tron phan phdi thi do dai dudng chay mdi cing chi tang
géap doi. Trong trudng hgp nay sé giéng nhu thuat toan trén thdng da hiéu chinh:
S6 phép gan: Gmax = NxLogx(N)+1
S6 phép so sanh: Smax = 2NxLog,(N)+2
S6 phép hoan vi: Hmin = 0

+ Trung binh:

S6 phép gan: Gavg = NxLogx(N)/2+1
S6 phép so sanh: Savg = NxLogo(N) + N + 1
Sé phép hoan vi: Havg = 0

@ Luu y:

+ Trong thuat toan nay chung ta cling cé thé st dung 2 day phu Temp1, Temp2 nhu
trong thuat toan tron truc ti€p, khi dé chuang ta luén luén duyét to dau dén cudi
cac day chi khéng can thiét phai duyét tu hai dau day vao gita. Tuy nhién, trong
trudng nay thi bé nhé trung gian sé tén nhiéu hon.

+ Trong cac thuat toan sdp x€p theo phuong phap tréon, viéc st dung nhiéu day phu
c6 thé lam gidm b6t s6 lan phan phéi va trén cac run. Tuy nhién, viéc quan ly cac
day phu sé phtc tap hon.

3.3. C4c giai thuat sap xép ngoai (Sdp xép trén tap tin)

3 day, do s6 phan ti di liéu thudng 16n nén mét phan di lieu can sdp x€p duge dua
vao trong bé nhé trong (RAM), phan con lai dugc luu trir 3 bé nhé ngoai (DISK). Do
vay, t6c do sdp x&p di liéu trén tap tin tuong déi cham. Cac giai thuat sép x€p ngoai
bao gém cac nhém sau:

- Sap x€p bang phuong phap trén (merge sort),

- Sap x€p theo chi muc (index sort).
Nhu vay trong phan nay chung ta tim cach sdp xé€p tap tin F ¢6 N phan t di liéu co
ki€u T (khéa nhan dién cac phan t di liéu c6 kiéu T) theo thd tu tang.
3.3.1. Sdp xép bdng phuong phdp trén (Merge Sort)

Tuong ty nhu déi vSi sdp x€p theo phucng phéap trén trén maéng, trong cac thuat giai &
day chung ta sé tim cach phan phéi cac dudng chay trong tap tin dit liéu vé cac tap tin
trung gian va sau doé lai trén tuong Ung cac cap dudng chay trén cac tap tin trung gian
thanh mot dudng chay méi cé chiéu dai 16n hon.
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Cac thuat toan sdp x€p bang phuong phap tron trén tap tin bao gém:

- Thuéat toan sdp x&p tron thang hay tron truc ti€p (straight merge sort),
- Thuat toan sdp x€p trén ty nhién (natural merge sort),

- Thuéat toan tron da 16i can bang (multiways merge sort),

- Thuat toan trén da pha (multiphases merge sort).

o] day chung ta chi nghién ctiu hai thuat toan tréon dau tién.
a. Thudt todn sdp xép tron truc tiép (Straight Merge Sort):
- Tu tudng:

Tuong ty nhu thuat toan trén tryc ti€p trén mang, ban dau tap tin Fd ¢6 N run(s) véi
chiéu dai méi run: L = 1, ta ti€n hanh phan phdi luan phién N run(s) cuta tap tin Fd
vé K tap tin phy Ft1, Ft2, .., FtK (Méi tap tin phu cé N/K run(s)). Sau dé trén tuong
ung ting bé K run(s) & K tap tin phu Ftl, Ft2, .., FtK thanh mét run méi cé chiéu
dai L = K dé dua vé tap tin Fd va tap tin Fd tré thanh tap tin cé N/K run(s) véi chiéu
dai méi run: L = K.

Nhu vay, sau méi lan phan phéi va trén cac run trén tap tin Fd thi s6 run trén tap tin
Fd sé giam di K lan, dong thdi chiéu dai méi run trén Fd sé tang lén K lan. Do dé,
sau Logk(N) lan phan phéi va trén thi tap tin Fd chi con lai 01 run véi chiéu dai la N
va khi dé tap tin Fd tré thanh tap tin c6 thua tu.

Trong thuat gidi nay, dé dé theo déi ching ta st dung 2 tap tin phu (K = 2) va quéa
trinh phan phdi, trén cac run dugc trinh bay riéng thanh 2 thuat giai:

+ Thuat giai phan phéi luan phién (tach) cac dudng chay véi chiéu dai L trén tap
tin Fd vé hai tap tin phu Ft1, Ft2;

+ Thuat giai troén (nhap) cac cdp dudng chay trén hai tap tin Ft1, Ft2 c6 chiéu dai
L vé tap tin Fd thanh cac dudng chay véi chiéu dai 2*L;

Gia s rdng céac 16i thao tac trén tap tin sé bi bd qua trong qua trinh thuc hién.
- Thuéat toan phan phéi:

B1: Fd = fopen(DataFile, “r’) //M3& tap tin di liéu can sdp xép dé doc di liéu
B2: Ftl = fopen(DataTemp1, “w”) //M3 tap tin trung gian thi nhat dé ghi di liéu
B3: Ft2 = fopen(DataTemp2, “w”) //M3& tap tin trung gian thi hai dé ghi dir liéu
B4: IF (feof(Fd)) //Ba phan phdi hét
Thuc hién Bkt
//Chép 1 run tu Fd sang Ftl
B5: K = 1 //Chi s6 dém dé duyét cac run
B6: IF (K >L) //Duyét hét 1 run
Thuc hién B12
B7: fread(&a, sizeof(T), 1, Fd) //Poc 1 phan t cda run trén Fd ra bién tam a
B8: fwrite(&a, sizeof(T), 1, Ft1) //Ghi gia tri bi€n tam a vao tap tin Ftl
B9: K++
B10: IF (feof(Fd)) //Da phan phéi hét
Thuc hién Bkt
B11: Lap lai B6
//Chép 1 run tu Fd sang Ft2
B12: K =1
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B13: IF (K > L)
Thuc hién B19
B14: fread(&a, sizeof(T), 1, Fd) //Poc 1 phan t cia run trén Fd ra bién tam a
B15: fwrite(&a, sizeof(T), 1, Ft2) //Ghi gia tri bi€n tam a vao tap tin Ft2
B16: K++
B17: IF (feof(Fd)) //Da phan phéi hét
Thuc hién Bkt
B18: Lap lai B13
B19: Lap lai B4
Bkt: Két thuc

- Thuat toan tron:

B1: Ftl1 = fopen(DataTempl, “r”) //M3 tap tin trung gian thit nhat dé doc di liéu
B2: Ft2 = fopen(DataTemp2, “r”) //M3& tap tin trung gian thi hai dé doc di liéu
B3: Fd = fopen(DataFile, “w”) //MJ tap tin di liéu dé ghi di lieu
B4: fread(&al, sizeof(T), 1, Ft1) //Doc 1 phan t& cta run trén Ftl ra bién tam al
B5: fread(&a?2, sizeof(T), 1, Ft2) //Doc 1 phan tI cda run trén Ft2 ra bi€n tam a2
B6: K1 =1 //Chi s6 dé duyét cac run trén Ftl
B7: K2 =1 //Chi s& dé duyét cac run trén Ft2
B8: IF (al < a2) // al ding truéc a2 trén Fd
B8.1: fwrite(&al, sizeof(T), 1, Fd)
B8.2: K1++
B8.3: If (feof(Ft1)) //Da chép hét cac phan ti trong Ftl
Thuc hién B23
B8.4: fread(&al, sizeof(T), 1, Ft1)
B8.5: If (K1 > L) //Da duyét hét 1 run trong Ftl
Thyc hién B11
B8.6: Lap lai B8
B9: ELSE // a2 dung truéc al trén Fd
B9.1: fwrite(&a?2, sizeof(T), 1, Fd)
B9.2: K2++
B9.3: If (feof(Ft2)) //DPa chép hét cac phan tu trong Ft2
Thyc hién B27
B9.4: fread(&a2, sizeof(T), 1, Ft2)
B9.5: If (K2 > L) //Pa duyét hét 1 run trong Ft2
Thuc hién B17
B9.6: Lap lai B8
B10: Lap lai B6

//Chép phan run con lai trong Ft2 vé Fd
B11: IF (K2 > L) //Pa chép hét phan run con lai trong Ft2 vé Fd

Lap lai B6
B12: fwrite(&a2, sizeof(T), 1, Fd)
B13: K2++
B14: IF (feof(Ft2)) //Da chép hét cac phan tu trong Ft2

Thuc hién B27
B15: fread(&a2, sizeof(T), 1, Ft2)
B16: Lap lai B11
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//Chép phan run con lai trong Ft1 vé Fd
B17: IF (K1 > L) //Pa chép hét phan run con lai trong Ft1 vé Fd

Lap lai B6
B18: fwrite(&al, sizeof(T), 1, Fd)
B19: K1++
B20: IF (feof(Ft1)) //Pa chép hét cac phan ti trong Ftl

Thuc hién B23
B21: fread(&al, sizeof(T), 1, Ft1)
B22: Lap lai B17

//Chép céac phan t con lai trong Ft2 vé Fd

B23: fwrite(&a?2, sizeof(T), 1, Fd)
B24: IF (feof(Ft2))

Thuc hién Bkt
B25: fread(&a?2, sizeof(T), 1, Ft2)
B26: Lap lai B23

//Chép céac phan t con lai trong Ft1 vé Fd

B27: fwrite(&al, sizeof(T), 1, Fd)
B28: IF (feof(Ft1))

Thuc hién Bkt
B29: fread(&al, sizeof(T), 1, Ftl1)
B30: Lap lai B27
Bkt: K&t thuc

- Thuat toan sép xép tron thing:

B1:L =1 //Chiéu dai ban dau cda céac run
B2:IF (L>N) //Tap tin Fd chi con 01 run
Thuc hién Bkt
B3: Phan_Phoi(DataFile, DataTemp1, DataTemp2, L)
B4: Tron(DataTemp1, DataTemp2, DataFile, L)
B5: L = 2*L
B6: Lap lai B2
Bkt: K&t thac

- Cai dat thuat toan:
Ham FileStraightMergeSort c6 prototype nhu sau:
int FileStraightMergeSort(char * DataFile);

Ham thuc hién viéc sdp x€p cac phan t& cé kiéu di lieu T trén tap tin cé tén
DataFile theo th ty tang dya trén thuat toan sdp tron truc ti€p. Néu viéc sép x€p
thanh céng ham tra vé gia tri 1, trong trudng hgp ngudgc lai (do c6 16i khi thyc hién
cac thao tac trén tap tin) ham tra vé gia tri —-1. Ham s dung cac ham FileDistribute,
FileMerge cé prototype va y nghia nhu sau:

int FileDistribute(char * DataFile, char * DataTemp1, char * DataTemp2, int L);

Ham thyc hién viéc phan phéi luan phién cac dudng chay cé chiéu dai L trén tap tin
di lieu cé tén DataFile vé cho céc tap tin tam thdi cé tén tuong Ung la DataTempl
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va DataTemp2. Ham trad vé gia tri 1 néu viéc phan phéi hoan tat, trong truéng hgp
ngugc lai ham tra vé gia tri -1.

int FileMerge(char * DataTemp1, char * DataTemp2, char * DataFile, int L);

Ham thyc hién viéc trén ting cap tuong Ung cac dudng chay véi d6 dai L trén hai
tap tin tam thdi c6 tén DataTempl, DataTemp2 vé tap tin d liéu ban dau cé tén
DataFile thanh cac dudng chay cé chiéu dai 2*L. Ham tra vé gia tri 1 néu viéc tron
hoan tat, trong trudng hdp ngudgc lai ham tra vé gia tri 1.

Ca hai ham nay déu si dung cac ham Finished dé lam nhiém vy “don dep” (déng
cac tap tin da md, hlly vung nhé da cap phat, ..) va trd vé mét gia tri nguyén dé két
thic. Cac ham Finished c6 prototype nhu sau:

int Finished (FILE * F1, int ReturnValue);
int Finished (FILE * F1, FILE * F2, int ReturnValue);
int Finished (FILE * F1, FILE * F2, FILE * F3, int ReturnValue);

No6i dung cda cac ham nhu sau:

int Finished (FILE * F1, int ReturnValue)
{ fclose (F1);
return (ReturnValue);

int Finished (FILE * F1, FILE * F2, int ReturnValue)
{ fclose (F1);
fclose (F2);
return (ReturnValue);

/[z=======================================================
int Finished (FILE * F1, FILE * F2, FILE * F3, int ReturnValue);
{ fclose (F1);
fclose (F2);
fclose (F3);
return (ReturnValue);
H
/[z=======================================================

int FileDistribute(char * DataFile, char * DataTemp1, char * DataTemp2, int L)
{ FILE * Fd = fopen(DataFile, “rb”);
if (Fd == NULL)
return (-1);
FILE * Ftl = fopen(DataTemp]1, “wb”);
if (Ft1 == NULL)
return(Finished(Fd, -1));
FILE * Ft2 = fopen(DataTemp2, “wb”);
if (Ft2 == NULL)
return(Finished(Fd, Ft1, -1));
T a;
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int SOT = sizeof(T);
while (Ifeof(Fd))
{ for(int K = 0; K<L && !feof(Fd); K++)
{ int t = fread(&a, SOT, 1, Fd);
if (t<1)
{ if (feof(Fd))
break;
return (Finished(Fd, Ftl1, Ft2, -1));
}
t = fwrite(&a, SOT, 1, Ftl);
if (t<1)
return(Finished(Fd, Ft1, Ft2, -1));

}
for(K = 0; K<L && !feof(Fd); K++)
{ int t = fread(&a, SOT, 1, Fd);
if (t<1)
{ if (feof(Fd))
break;
return (Finished(Fd, Ft1, Ft2, -1));
}
t = fwrite(&a, SOT, 1, Ft2);
if (t<1)
return(Finished(Fd, Ft1, Ft2, -1));
¥

!
return (Finished(Fd, Ftl1, Ft2, 1));

int FileMerge(char * DataTemp1, char * DataTemp2, char * DataFile, int L)
{ FILE * Ftl = fopen(DataTemp]1, “rb”);
if (Ft1 == NULL)
return (-1);
FILE * Ft2 = fopen(DataTemp2, “rb”);
if (Ft2 == NULL)
return (Finished(Ft1, -1);
FILE * Fd = fopen(DataFile, “wb”);
if (Fd == NULL)
return (Finished(Ft1, Ft2, -1);
int K1 =0, K2 = 0;
T al, a2;
int SOT = sizeof(T);
if (fread(&al, SOT, 1, Ft1) < 1)
return (Finished(Fd, Ftl1, Ft2, -1));
if (fread(&a2, SOT, 1, Ft2) < 1)
return (Finished(Fd, Ftl1, Ft2, -1));
while (!feof(Ft1) && !feof(Ft2))
{ if (al <= a2)
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{ intt = fwrite(&al, SOT, 1, Fd);

if (t<1)

return (Finished(Fd, Ftl1, Ft2, -1));
K1l++;
t = fread(&al, SOT, 1, Ftl);
if (t<1)

{ if (feof(Ft1))

break;
return (Finished (Fd, Ft1, Ft2, -1));

}
if (K1 ==1)
{ for (; K2 < L && !feof(Ft2); K2++)
{ t = fwrite(&a2, SOT, 1, Fd);
if (t<1)
return (Finished(Fd, Ft1, Ft2, -1));
t = fread(&a2, SOT, 1, Ft2);
if (t<1)
{ if (feof(Ft2))
break;

return (Finished(Fd, Ftl1, Ft2, -1));

}
}
if (feof(Ft2))
break;
}
if (K1 ==L && K2 ==1L)
K1 =K2 = 0;
}
else
{ intt = fwrite(&a2, SOT, 1, Fd);
if (t<1)
return (Finished(Fd, Ftl1, Ft2, -1));
K2++;
t = fread(&a2, SOT, 1, Ft2);
if (t<1)
{ if (feof(Ft1))
break;
return (Finished (Fd, Ft1, Ft2, -1));
}
if (K2 == L)
{ for (; K1 < L && !feof(Ft1); K1++)
{ t=fwrite(&al, SOT, 1, Fd);
if (t<1)
return (Finished(Fd, Ft1, Ft2, -1));
t = fread(&al, SOT, 1, Ftl);
if (t<1)
{ if (feof(Ft1))
break;
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return (Finished(Fd, Ftl1, Ft2, -1));

}
}
if (feof(Ft1))

break;

}

if (K1 ==L && K2 ==1)
K1 = K2 = 0;
}

}
while (!feof(Ftl))

{ intt = fwrite(&al, SOT, 1, Fd);
if (t<1)
return (Finished(Fd, Ft1, Ft2, -1));
t = fread(&al, SOT, 1, Ftl);
if (t<1)
{ if (feof(Ft1))
break;

return (Finished (Fd, Ft1, Ft2, -1));

}
}
while (lfeof(Ft2))

{ intt = fwrite(&a2, SOT, 1, Fd);
if (t<1)
return (Finished(Fd, Ft1, Ft2, -1));
t = fread(&a2, SOT, 1, Ft2);
if (t<1)
{ if (feof(Ft2))
break;

return (Finished (Fd, Ft1, Ft2, -1));

}
!
return (Finished(Fd, Ftl1, Ft2, 1));

int FileStraightMergeSort(char * DataFile)
{ int Fhd = open(DataFile, O_RDONLY);
if (Fhd < 0)
return (-1);
int N = filelength(Fhd)/sizeof(T);
close(Fhd);
if (N <2)
return (1);
intL =1;
char * Temp1 = “Datal. Tmp”;
char * Temp2 = “Data2.Tmp”;
while (L < N)

{ if (FileDistribute(DataFile, Temp1, Temp2, L) == -1)
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{ remove(Templ);
remove(Temp2);
return (-1);

}

if (FileMerge(Temp1, Temp2, DataFile, L) == -1)

{ remove(Templ);
remove(Temp?2);
return (-1);

}

L =2*L;
}

remove (Templ);
remove (Temp?2);
return (1);

h
- Vi du minh hoa thuat toan sép xép tron thing:
Gia su dir lieu ban dau trén tap tin Fd nhu sau:
10 4 15 2 1 20 22 15 14 30 5 8 40 31 36
Ta ti€n hanh phan phéi va trén cac dudng chay cé chiéu dai cé dinh L:
Lan 1: L =1
Phan phéi luan phién cac dudng chay chiéu dai L = 1 trén Fd vé Ftl va Ft2:
Fd: 10 4 15 2 1 20 22 15 14 30 5 8 40 31 36
Ftl: 10 15 1 5 40 36

Fi2: 4 2 20 8 31

I N
8 1=

Tron cac cdp dudng chay tuong Ung chiéu dai L = 1 trén Ft1 va Ft2 thanh cac dudng
chay chiéu dai L = 2 (thuc t&€ L c6 thé nhd hon 2) va dua vé Fd:

Ftl: 10 15 1 22 5 40 36

Ft2. 4 2 20 15 8 31

Fd: 4 10 2 15 20 15 22 14 30 5 8 31 40 36
Lan2: L =2

Phan phéi luan phién cac dudng chay chiéu dai L < 2 trén Fd vé Ftl va Ft2:

Fd: 4 10 2 15 1 20 15 22 14 30 5 8 31 40 36
Ftl1: 4 10 1 20 14 30 31 40

Ft2: 2 15 15 22 5 8 36

O
S

Tron cac cap dusdng chay tuong tng chiéu dai L < 2 trén Ft1 va Ft2 thanh cac dudng
chay chiéu dai L < 4 va dua vé Fd:

Ftl: 4 10 1 20 14 30 31 40

Ft2: 2 15 15 22 5 8 36

Fd: 2 4 10 15 1 15 20 22 5 8 14 30 31 36 40
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Lan3:L =4

Phan phdi luan phién cac dudng chay chiéu dai L < 4 trén Fd vé Ft1 va Ft2:

Fd: 2 4 10 15 1 15 20 22 5 8 14 30 31 36 40
Ft1: 2 4 10 15 5 8 14 30

Ft2: 1 15 20 22 31 36 40

Tron cac cap dudng chay tuong Ung chiéu dai L < 4 trén Ft1 va Ft2 thanh cac dudng
chay chiéu dai L < 8 va dua vé Fd:

Ftl: 2 4 10 15 5 8 14 30

Ft2: 1 15 20 22 31 36 40

Fd: 1 2 4 10 15 15 20 22 5 8 14 30 31 36 40
Lan4:L =8

Phan phdi luan phién cac dudng chay chiéu dai L < 8 trén Fd vé Ftl va Ft2:

Fd: 1 2 4 10 15 15 20 22 5 8 14 30 31 36 40
Ftl: 1 2 4 10 15 15 20 22

Ft2: 5 8 14 30 31 36 40

Tron cac cap dusng chay tuong tng chiéu dai L < 8 trén Ft1 va Ft2 thanh cac dudng
chay chiéu dai L < 16 va dua vé Fd. Thuat toan két thuc:

Ftl: 1 2 4 10 15 15 20 22
Ft2: 5 8 14 30 31 36 40
Ftl: 1 2 4 5 8 10 14 15 15 20 22 30 31 36 40

- Phan tich thuat toan:

+ Trong thuat giai nay chung ta luén thuc hién log>(N) lan phan phdi va trén cac run.

+ J méi 1an phan phéi run ching ta phai thuc hién: N 1an doc va ghi dia, 2N phép so
sanh (N lan so sanh hét run va N 1an so sanh hét tap tin).

+ G méi lan trén run ching ta cing phai thuc hién: N 1an doc va ghi dia, 2N+N/2
phép so sanh (N lan so sanh hét run, N lan so sanh hét tap tin va N/2 lan so sanh
cac cap gia tri tuong ung trén 2 tép tin phu).

+ Trong moi trudng hgp:

S6 lan doc va ghi dia: D = 2NxLog,(N)
S6 phép so sanh: S = (4N + N/2)xLogz(N)

+ Trong thuéat toan nay ching ta st dung 2 tap tin phyu dé thuyc hién viéc phan phdi
va trén cac dudng chay. Khi sé tap tin phu tu 3 tap tin tré 1én (K>2) thi cac thuat
toan tron dugc goi la tron da 16i (multiways) va sé lam giam sé lan phan phdi — tron
cac dudng chay, tuc la lam giam s6 lan doc va ghi dia.

+ Can luu y la thdi gian thyc hién cac thuat gidi sdp x€p/tim ki€m trén tap tin phuy
thudc rat nhiéu vao cac thao tac doc va ghi dia.
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b. Thudt todn sdp xép tron tu nhién (Natural Merge Sort):

- Tu tudng:

Tuong tu nhu thuat toan tron ty nhién trén méang, ching ta tan dung cac dudng chay
ty nhién ban dau trén tap tin Fd c6 chiéu dai khéng cé dinh. Ti€n hanh phan phdi
luan phién cac dudng chay tu nhién nay cua tap tin Fd vé 2 tap tin phu Ft1, Ft2. Sau
dé tréon tucng Ung ting cap dudng chay tu nhién & 2 tap tin phu Ft1, Ft2 thanh mét
dudng chay méi cé chiéu dai bang téng chiéu dai cia cép hai dudng chay dem tréon
va dua vé tap tin Fd.

Nhu vay, sau méi lan phan phéi va trén cac dudng chay ty nhién trén tap tin Fd thi
s6 dudng chay tu nhién trén tap tin Fd sé gidam di mét nia, dong thdi chiéu dai cac
dudng chay tu nhién cing dugc tang lén. Do dé, sau t6i da Logz(N) 1an phan phéi va
tron thi tap tin Fd chi con lai 01 dudng chay véi chiéu dai la N va khi dé tap tin Fd
trd thanh tap tin cé thi ty.

Trong thuat gidi nay ching ta st dung 2 tap tin phu (cé thé st dung nhiéu hon) va
qua trinh phan phdi, tron cac dudng chay tu nhién dugc trinh bay riéng biét thanh 2
thuat giai:
+ Thuat giai phan phdi luan phién (tadch) cac dudng chay ty nhién trén tap tin Fd
vé hai tap tin phu Ft1, Ft2;

+ Thuat giai tron (nhap) cac cdp dudng chay tu nhién trén hai tap tin Ft1, Ft2 vé
tap tin Fd thanh cac dudng chay ty nhién véi chiéu dai 16n hon;

va chung ta ciing gid su rang céac 16i thao tac trén tap tin sé bi bé qua.
- Thuat toan phan phéi:

B1: Fd = fopen(DataFile, “r’) //M3& tap tin di liéu can sdp xép dé doc di liéu
B2: Ftl = fopen(DataTempl, “w”) //M3 tap tin trung gian thi nhat dé ghi di liéu
B3: Ft2 = fopen(DataTemp2, “w”) //M3& tap tin trung gian th hai dé ghi dir liéu
B4: IF (feof(Fd)) //Pa phan phdi hét

Thuc hién Bkt
B5: fread(&a, sizeof(T), 1, Fd) //Poc 1 phan t cda run trén Fd ra bién tam a

//Chép 1 dudng chay ty nhién tu Fd sang Ftl

B6: fwrite(&a, sizeof(T), 1, Ft1) //Ghi gia tri bién tam a vao tap tin Ftl
B7: IF (feof(Fd)) //DPa phan phéi hét
Thuc hién Bkt
B8: fread(&b, sizeof(T), 1, Fd) //Poc ti€p 1 phan ti cta run trén Fd ra bién tam b
B9: IF (a > b) // Ba duyét hét 1 dudng chay tu nhién
B9.1: a = b // Chuyén vai trd cia b cho a
B9.2: Thyc hién B12
B10:a=b
B11: Lap lai B6

//Chép 1 dudng chay tu nhién tu Fd sang Ft2

B12: fwrite(&a, sizeof(T), 1, Ft2) //Ghi gia tri bi€n tam a vao tap tin Ft2
B13: IF (feof(Fd)) //Da phan phéi hét
Thuc hién Bkt
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B14: fread(&b, sizeof(T), 1, Fd)//Poc 1 phan t cda run trén Fd ra bi€n tam b
B15: IF (a > b) //Da duyét hét 1 dusng chay tu nhién
B15.1: a = b// Chuyén vai trd cia b cho a
B15.2: Thuc hién B18
B16:a=Db
B17: Lap lai B12
B18: Lap lai B6
Bkt: K&t thuc

- Thuat toan tron:

B1: Ftl1 = fopen(DataTempl, “r”) //M3 tap tin trung gian thit nhat dé doc di liéu
B2: Ft2 = fopen(DataTemp2, “r”) //M& tap tin trung gian thi hai dé doc di liéu
B3: Fd = fopen(DataFile, “w”) //M3J tap tin di liéu dé ghi di liéu
B4: fread(&al, sizeof(T), 1, Ft1) //Doc 1 phan t& cta run trén Ftl ra bién tam al
B5: fread(&a?2, sizeof(T), 1, Ft2) //Doc 1 phan t cda run trén Ft2 ra bié€n tam a2
B6: IF (al < a2) // al ding truéc a2 trén Fd
B6.1: fwrite(&al, sizeof(T), 1, Fd)
B6.2: If (feof(Ft1)) //Da chép hét cac phan ti trong Ftl
Thyc hién B21 //Chép céac phan t con lai trong Ft2 vé Fd
B6.3: fread(&b1, sizeof(T), 1, Ft1) //Poc ti€p 1 phan t trén Ftl ra bién tam b1
B6.4: If (al > bl) //Pa duyét hét dudng chay tu nhién trong Ft1
B6.4.1: al = bl // Chuyén vai troé cda b1 cho al
B6.4.2: Thyc hién B9
B6.5: al = bl
B6.6: Lap lai B6
B7: ELSE // a2 dung truéc al trén Fd
B7.1: fwrite(&a2, sizeof(T), 1, Fd)
B7.2: If (feof(Ft2)) // Ba chép hét cac phan tu trong Ft2
Thyc hién B25 // Chép céac phan tu con lai trong Ft1 vé Fd
B7.3: fread(&b2, sizeof(T), 1, Ft2) //Doc ti€p 1 phan t& trén Ft2 ra bién tam b2
B7.4: If (a2 > b2) // Ba duyét hét dudng chay tu nhién trong Ft2
B7.4.1: a2 = b2 // Chuyén vai tré cida b2 cho a2
B7.4.2: Thuc hién B15
B7.5: a2 = b2
B7.6: Lap lai B7
B8: Lap lai B6

//Chép phan dudng chay ty nhién con lai trong Ft2 vé Fd

B9: fwrite(&a2, sizeof(T), 1, Fd)
B10: IF (feof(Ft2)) // Ba chép hét cac phan ti trong Ft2
Thuc hién B25 //Chép céac phan t con lai trong Ft1 vé Fd
B11: fread(&b2, sizeof(T), 1, Ft2)
B12: IF (a2 > b2) // Ba chép hét 1 dudng chay ty nhién trong Ft2
B12.1: a2 = b2
B12.2: Lap lai B6
B13: a2 = b2
B14: Lap lai B9
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//Chép phan dudng chay ty nhién con lai trong Ft1 vé Fd

B15: fwrite(&al, sizeof(T), 1, Fd)
B16: IF (feof(Ft1)) // Ba chép hét cac phan tu trong Ftl
Thyc hién B21 //Chép céac phan t con lai trong Ft2 vé Fd
B17: fread(&b1, sizeof(T), 1, Ft1)
B18: IF (al > b1) // Ba chép hét 1 dudng chay tu nhién trong Ftl
B18.1: al = bl
B18.2: Lap lai B6
B19: al = b1l
B20: Lap lai B15

//Chép céac phan t con lai trong Ft2 vé Fd

B21: fwrite(&a2, sizeof(T), 1, Fd)
B22: IF (feof(Ft2))

Thuc hién Bkt
B23: fread(&a2, sizeof(T), 1, Ft2)
B24: Lap lai B21

//Chép céac phan t con lai trong Ft1 vé Fd
B25: fwrite(&al, sizeof(T), 1, Fd)
B26: IF (feof(Ft1))
Thuc hién Bkt
B27: fread(&al, sizeof(T), 1, Ftl1)
B28: Lap lai B25
Bkt: K&t thac

- Thuat toan sap x&p troén tu nhién:

B1: L = Phan_Phgi(DataFile, DataTemp1, DataTemp2)
B2:IF (L>N) //Tap tin Fd chi con 01 run

Thuc hién Bkt
B3: L = Trén(DataTemp1, DataTemp2, DataFile)
B4:IF (L>N) //Tap tin Fd chi con 01 run

Thuc hién Bkt
B5: Lap lai B1
Bkt: Két thuc

- Cai dat thuat toan:
Ham FileNaturalMergeSort c6 prototype nhu sau:
int FileNaturalMergeSort(char * DataFile);

Ham thyc hién viéc sdp x&p cac phan ti cé ki€u di lieu T trén tap tin cé tén
DataFile theo thd ty tang dua trén thuat toan sdp tron ty nhién. Néu viéc sép x€p
thanh céng ham tra vé gia tri 1, trong trudng hgp ngudgc lai (do c6 16i khi thyc hién
cac thao tac trén tap tin) ham tra vé gia tri -1. Ham s dung cac ham
FileNaturalDistribute, FileNaturalMerge cé prototype va y nghia nhu sau:

int FileNaturalDistribute(char * DataFile, char * DataTemp1, char * DataTemp?2);

Ham thuc hién viéc phan phéi luan phién cac dudng chay tu nhién trén tap tin di
liéu c6 tén DataFile vé cho cac tap tin tam thdi cé tén tuong Ung la DataTempl va
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DataTemp2. Ham tra vé gia tri la chiéu dai ctia dudng chay tu nhién dau tién trong
tap tin di lieu DataFile néu viéc phan phéi hoan téat, trong trudng hgp ngugc lai ham
tra vé gia tri -1.

int FileNaturalMerge(char * DataTemp1, char * DataTemp2, char * DataFile);

Ham thyc hién viéc trén tung cap tuong ing cac dudng chay ty nhién trén hai tap tin
tam thdi c6 tén DataTempl, DataTemp2 vé tap tin di liéu ban dau c6 tén DataFile
thanh cac dusng chay cé chiéu bang téng chiéu dai 2 dusng chay dem tron. Ham
trd vé chiéu dai ciia dudng chay ty nhién dau tién sau khi trén trén tap tin DataFile
néu viéc tron hoan tat, trong trudng hdp ngudc lai ham tra vé gia tri -1.

No6i dung cda cac ham nhu sau:

int FileNaturalDistribute(char * DataFile, char * DataTemp1, char * DataTemp2)
{ FILE * Fd = fopen(DataFile, “rb”);
if (Fd == NULL)
return (-1);
FILE * Ftl = fopen(DataTemp]1, “wb”);
if (Ft1 == NULL)
return (Finished (Fd, -1));
FILE * Ft2 = fopen(DataTemp2, “wb”);
if (Ft2 == NULL)
return (Finished (Fd, Ftl1, -1));
T a, b;
int SOT = sizeof(T);
int L = O, FirstRun1 = 1;
if (fread(&a, SOT, 1, Fd) < 1)
{ if (feof(Fd))
return (Finished(Fd, Ft1, Ft2, 0));
return (Finished (Fd, Ftl1, Ft2, -1));
}
while (!feof(Fd))
{ do { int t = fwrite(&a, SOT, 1, Ftl);
if (t <1)
return (Finished (Fd, Ftl1, Ft2, -1));
if (FirstRunl == 1)
L++;
t = fread(&b, SOT, 1, Fd);
if (t<1)
{ if (feof(Fd))
break;
return (Finished (Fd, Ft1, Ft2, -1));
H
if (a > b)
{ a=b;
break;

a = b;
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while (1);
if (feof(Fd))
break;
do { int t = fwrite(&a, SOT, 1, Ft2);
if (t<1)
return (Finished (Fd, Ftl1, Ft2, -1));
t = fread(&b, SOT, 1, Fd);
if (t<1)
{ if (feof(Fd))
break;
return (Finished (Fd, Ft1, Ft2, -1));
}
if (a > b)
{ a=b;
FirstRunl = O;
break;

a=b;
}
while (1);
§
return (Finished (Fd, Ft1, Ft2, L);

int FileNaturalMerge(char * DataTemp1, char * DataTemp?2, char * DataFile)
{ FILE * Fd = fopen(DataFile, "wb");
if(Fd == NULL)
return(-1);
FILE * Ftl = fopen(DataTemp]1, "rb");
if(Ft1 == NULL)
return(Finished(Fd, -1));
FILE * Ft2 = fopen(DataTemp2, "rb");
if(Ft2 == NULL)
return(Finished(Fd, Ft1, -1));
int al, a2, b1, b2;
if (fread(&al, SOT, 1, Ftl1) < 1)
return(Finished(Fd, Ft1, Ft2, -1));
if (fread(&a2, SOT, 1, Ft2) < 1)
return(Finished(Fd, Ft1, Ft2, -1));
int L = 0;
int FirstRun1 = 1, FirstRun2 = 1;
while(!feof(Ft1) && !feof(Ft2))
{ if (al <= a2)
{ intt = fwrite(&al, SOT, 1, Fd);
if (t<1)
return(Finished(Fd, Ft1, Ft2, -1));
if (FirsRun1 == 1)
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L++;
t = fread(&b1, SOT, 1, Ftl);
if (t<1)
{ if (feof(Ft1))
break;
return(Finished(Fd, Ft1, Ft2, -1));
}
if (al > b1)
{ do {t = fwrite(&a2, SOT, 1, Fd);
if (t<1)
return(Finished(Fd, Ftl1, Ft2, -1));
if (FirstRun2 == 1)
L++;
t = fread(&b2, SOT, 1, Ft2);
if (t<1)
{ if (feof(Ft2))
{ FirstRun2 = 0;
break;
}
return(Finished(Fd, Ft1, Ft2, -1));
}
if (a2 > b2)
{ FirstRun2 = 0;
a2 = b2;
break;
}
}
while(1);
al = bl;
FirstRunl = O;
if (feof(Ft2))
break;
¥
al = bl;
}
else
{ intt = fwrite(&a2, SOT, 1, Fd);
if (t<1)
return(Finished(Fd, Ft1, Ft2, -1));
if (FirstRun2 == 1)
L++;
t = fread(&b2, SOT, 1, Ft2);
if (t<1)
{ if (feof(Ft2))
break;
return(Finished(Fd, Ft1, Ft2, -1));
}
if (a2 > b2)
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{ do {t = fwrite(&al, SOT, 1, Fd);

if (t<1)
return(Finished(Fd, Ftl1, Ft2, -1));
if (Fr1 == 1)
L++;
t = fread(&b1, SOT, 1, Ftl);
if (t<1)

{ if (feof(Ft1))
{ FirstRunl = 0;
break;
}
return(Finished(Fd, Ft1, Ft2, -1));
}
if (al > b1)

{ FirstRunl = 0;
al =bl;
break;

}

}
while(1);
a2 = b2;
FirstRun2 = 0;
if (feof(Ft1))
break;
}
a2 = b2;
}
}
while(!feof (Ft1))
{ intt = fwrite(&al, SOT, 1, Fd);
if (t<1)
return(Finished(Fd, Ft1, Ft2, -1));
if (FirstRunl == 1)
L++;
t = fread(&al, SOT, 1, Ftl);
if (t<1)
{ if (feof(Ft1))
break;
return(Finished(Fd, Ft1, Ft2, -1));
}
§
while(!feof (Ft2))
{ intt = fwrite(&a2, SOT, 1, Fd);
if (t<1)
return(Finished(Fd, Ft1, Ft2, -1));
if (FirstRun2 == 1)
L++;

t = fread(&a2, SOT, 1, Ft2);
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if (t<1)
{ if (feof(Ft2))
break;
return(Finished(Fd, Ft1, Ft2, -1));
}
§
return(Finished(Fd, Ftl1, Ft2, L));

int FileNaturalMergeSort(char * DataFile)
{ int Fhd = open(DataFile, O_RDONLY);

if (Fhd < 0)

return (-1);
int N = filelength(Fhd)/sizeof(T);
close (Fhd);
if (N < 2)

return (1);
char * Templ = “Datal.Tmp”;
char * Temp2 = “Data2.Tmp”;
int L = 0;
do{ L = FileNaturalDistribute(DataFile, Temp1, Temp2);

if (L ==-1)

{ remove(Templ);
remove(Temp?2);
return (-1);

H

if (L == N)

break;

L = FileNaturalMerge(Temp1, Temp2, DataFile);
if (L ==-1)

{ remove(Templ);
remove(Temp?2);
return (-1);

H

if (L == N)
break;
}
while (L < N);
remove(Templ);
remove(Temp2);
return (1);

}
- Vi du minh hoa thuat toan sap x&p tron ty nhién:
Gia s’ di lieu ban dau trén tap tin Fd nhu sau:
80 24 5 12 11 2 2 15 10 35 35

Ta ti€én hanh phan phéi va tron cac dudng chay tu nhién:

18
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Lan 1: L =1

Phan phdi luan phién cac dudng chay tyu nhién trén Fd vé Ft1 va Ft2:

Fd: 80 24 5 12 11 2 2 15 10 35 35 18 4 1 6
Ftl1: 80 5 12 2 2 15 18 1 6

Ft2: 24 11 10 35 35 4

Trén cac cap dudng chay ty nhién tuong Ung trén Ftl va Ft2 thanh cac dudng chay
tu nhién trong dé dudng chay ty nhién dau tién c6 chiéu dai L = 2 va dua vé Fd:

Ft1: 80 5 12 2 2 15 18 1 6

Ft2: 24 11 10 35 35 4

Fd: 24 80 5 11 12 2 2 10 15 18 35 35 1 4 6
Lan2: L =2

Phan phdi luan phién cac dudng chay ty nhién trén Fd vé Ftl va Ft2:

Fd: 24 80 5 11 12 2 2 10 15 18 35 35 1 4 6
Ftl: 24 80 2 2 10 15 18 35 35

Ft2: 5 11 12 1 4 6

Trén cac cap dudng chay tu nhién tuong ung trén Ft1 va Ft2 thanh cac dudng chay
tu nhién trong dé dudng chay ty nhién dau tién c6 chiéu dai L = 5 va dua vé Fd:

Ftl: 24 80 2 2 10 15 18 35 35

Ft2: 5 11 12 1 4 6

Fd: 5 11 12 24 80 I 2 2 4 6 10 15 18 35 35
Lan3:L =5

Phan phdi luan phién cac dudng chay ty nhién trén Fd vé Ftl va Ft2:

Fd: 5 11 12 24 80 I 2 2 4 6 10 15 18 35 35
Ftl: 5 11 12 24 80

Ft2: 1 2 2 4 6 10 15 18 35 35

Trén cac cap dudng chay ty nhién tuong Ung trén Ftl va Ft2 thanh cac dudng chay
tu nhién trong dé dudng chay tu nhién dau tién c6 chiéu dai L = 15 va dua vé Fd.
Thuat toan két thuc:

Ftl: 5 11 12 24 80
Ft2: 1 2 2 4 6 10 15 18 35 35
Fd: 1 2 2 4 5 6 10 11 12 15 18 24 35 35 80

- Phan tich thuat toan:

+ Trong trudng hgp tét nhat, khi day c6 thg ty tédng thi sau khi phan phéi lan tha
nhét thuat toan két thac, do doé:

S6 lan doc - ghi dia: Dmin = N
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S6 phép so sanh: Smin = 2N

+ Trong trudng hgp xau nhat, khi day co6 th ty gidam va 8 moi budc trén phan phdi
thi do dai dudng chay mdi ciing chi tang gdp doéi. Trong trudng hgp nay sé giéng
nhu thuat toan trén truc ti€p:

S6 lan doc va ghi dia: Dmax = 2NxLogz(N)
S6 phép so sanh: Smax = (4N + N/2)xLog,(N)

+ Trung binh:

S6 lan doc va ghi dia: Davg = NxLog>(N) + N/2
S6 phép so sanh: Savg = (2N + N/4)xLog,(N) + N

3.3.2. Sdp xép theo chi muc (Index Sort)

Thong thudng kich thuéc ctia cac phan ti di liéu trén tap tin A liéu kha 16n va kich
thudc cua tap tin d liéu cang 16n. Va lai bién déng dir liéu trén tap tin da liéu it lién tuc
ma cha yé€u la chang ta truy xuat di liéu thusng xuyén. Do vay, viéc doc — ghi nhiéu
lén tap tin A liéu sé lam cho thdi gian truy xuat tap tin d@ liéu rat mat nhiéu thdi gian
va khéng bdo ddm an toan cho dir lieu. Pé gidi quyét van dé nay ching ta ti€n hanh
thao tac tap tin di liéu thong qua moét tap tin tuan ty chi muc theo khéa nhan dién cua
cac phan t dua liéu.

a. Tu tuong:

Tu tap tin d liéu ban dau, chung ta ti€n hanh tao tap tin chi muc theo khéa nhan
dién cla cac phan t& di liéu (Tap tin chi muc dugc sdp x€p tang theo khéa nhan
dién cta cac phan t& du liéu). Trén cd sd truy xudt lan lugt cac phan t trong tap tin
chi muc chuing ta sé diéu khién trat tu xuat hién ctia cac phan tir di liéu trong tap tin
d@ liéu theo dung trat ty trén tap tin chi muc. Nhu vay trong thuc tién, tap tin di liéu
khéng bi thay déi thd tu vat ly ban dau trén dia ma chi bi thay déi trat tu xuat hién
cac phan t da liéu khi dugc liét ké ra man hinh, may in, ...

Vé cau truc cac phan t trong tap tin chi muc thi nhu da trinh bay trong phan tim
ki€m theo chi muc (Chuong 2). o] day chung ta chi trinh bay cach tao téap tin chi
muc theo khéa nhéan dién tu tap tin di liéu ban dau va cach thic ma tap tin chi muc
sé diéu khién thd ty xudt hién cla cac phan ti di liéu trén tap tin dit liéu. Hai thao
tac nay sé dugc trinh bay riéng thanh hai thuat toan:

- Thuat toan tao tap tin chi muc
- Thuéat toan diéu khién thi tu xuét hién cac phan ti di liéu dua trén tap tin chi muc.

b. Thudt todn:
- Thuat toan tao tap tin chi muc

B1: Fd = open(DataFile, “r”) //M3J tap tin d liéu dé doc di liéu
B2: Fidx = open(ldxFile, “w”) // M& dé tao mdi tap tin chi muc
B3: CurPos = 0
B4: read (Fd, a)
B5: IF (EOF(Fd))
Thyc hién B11
B6: ai.Key = a.Key
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B7: ai.Pos = CurPos

B8: write (Fidx, ai)

B9: CurPos += SOT

B10: Lap lai B4

B11: close (Fd)

B12: close (Fidx)

B13: FileNaturalMergeSort(IdxFile)
Bkt: K&t thuac

- Thuat toan diéu khién thif ty xuat hién cac phan tf dit liéu dya trén tap tin chi muc

B1: Fd = open(DataFile, “r”) /M4 tap tin d liéu dé doc d liéu
B2: Fidx = open(ldxFile, “r”) // M8 tap tin chi muc dé doc
B3: read (Fidx, ai)
B4: IF (EOF (Fidx))
Thuc hién B9
Bb5: seek(Fd, ai.Pos)
B6: read (Fd, a)
B7: Output (a) //X0 ly phan t& dir lieu mdéi doc dugc
B8: Lap lai B3
B9: close (Fd)
B10: close (Fidx)
Bkt: K&t thuac

c. Cai ddt thudt todn:

Ham Createlndex thyc hién viéc tao tap tin chi muc tr tap tin d liéu va sdp xép cac
phan ti trong tap tin chi muc theo th( ty tang theo khéa nhan dién. Néu viéc tao tap
tin chi muc thanh céng, ham trd vé gia tri 1, ngudc lai ham tra vé gia tri —-1. Ham
Createlndex c6 prototype nhu sau:

int Createlndex (char * DataFile, char * IdxFile);

N6i dung ctia ham Createlndex:

int Createlndex (char * DataFile, char * IdxFile)
{ FILE * Fd = fopen (DataFile, “rb”);
if (Fd == NULL)
return (-1);
FILE * Fidx = fopen (IdxFile, “wb”);
if (Fidx == NULL)
return (Finished (Fd, -1));
DataType a;
IdxType ai;
int SOT = sizeof(DataType);
int SOI = sizeof(IdxType);
long CurPos = 0;
while (!feof(Fd))
{ if (fread (&a, SOT, 1, Fd) < 1)
{ if (feof(Fd))
break;
return (Finished (Fd, Fidx, -1));
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H
ai.Key = a.Key;
ai.Pos = CurPos;
if (fwrite (&ai, SOI, 1, Fidx) < 1)
return (Finished (Fd, Fidx, -1));
CurPos += SOT;
H
fclose (Fd);
fclose (Fidx);
if (FileNaturalMergeSort(IdxFile) == -1)
{ remove (IdxFile);
return (-1);

}

return (1);

}

Ham DisplayData thyc hién diéu khién tht ty xudt hién cac phan ti di liéu trén tap
tin dr liéu dya trén tap tin chi muc da dugc tao. Néu viéc liét ké thanh céng, ham tra
vé gia tri 1, ngugdc lai ham tra vé gia tri —1. Ham DisplayData cé prototype nhu sau:

int DisplayData (char * DataFile, char * IdxFile);
N6i dung ctia ham DisplayData:

int DisplayData (char * DataFile, char * IdxFile)
{ FILE * Fd = fopen (DataFile, “rb”);
if (Fd == NULL)
return (-1);
FILE * Fidx = fopen (IdxFile, “rb”);
if (Fidx == NULL)
return (Finished (Fd, -1));
DataType a;
IdxType ai;
int SOT = sizeof(DataType);
int SOI = sizeof(IdxType);
while (!feof(Fidx))
{ if (fread (&ai, SOI, 1, Fidx) < 1)
{ if (feof(Fidx))
return (Finished (Fd, Fidx, 1));
return (Finished (Fd, Fidx, -1));
}
fseek(Fd, ai.Pos, SEEK_SET);
if (fread (&a, SOT, 1, Fd) < 1)
return (Finished (Fd, Fidx, -1));
Output(a);
H
return (Finished (Fd, Fidx, 1));
}
& Luu y:
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Ham Output thyc hién viéc xudt théng tin cia mét phan t& AT liéu ra thiét bi xuat
thong tin. Ngoai ra, néu chung ta muén x( ly di liéu trong phan t& di liéu nay theo
th ty diéu khién bdi tap tin chi muc thi ching ta ciing c6 thé viét mét ham thuc
hién thao tac x ly thay cho ham Output nay.

d. Phdn tich thudt todn:

Trong thuat toan nay ching ta phai thyc hién it nhat 01 1an tao tap tin chi muc. Bé
tao tap tin chi muc chung ta phai thuc hién N lan doc - ghi dia. Khi thyc hién viéc
liet ké cac phan tr dir liéu chung ta cing phai thyc hién 2N lan doc dia.

Nhugc diém 16n nhat trong thuat toan nay la ching ta phai cap nhat lai tap tin chi
muc khi cé sy thay déi dif liéu trén tap tin di liéu.

Cau hdi va Bai tap

1.
2.

Trinh bay tu tudng cla cac thuat toan sép xép?

Trong cac thuat toan sdp x€p ban thich nhat la thuat toan nao? Thuat toan nao ban
khong thich nhat? Tai sao?

. Trinh bay va cai dat tat ca cac thuat toan sdp x€p ndi, ngoai theo thi ty giam? Cho

nhan xét vé cac thuat toan nay?

. Hay trinh bay nhiing uu khuyét diém ctia mdi thuat toan sdp x&p? Theo ban cach

khac phuc nhitng nhugc diém nay la nhu thé nao?

. St dung ham random trong C dé tao ra moét day M c6 1.000 sé nguyén. Van dung

cac thuat toan sap x&p dé sap x&p cac phan tif cia mang M theo th( ty tang dan vé
mat gia tri. V&i cang mét di liéu nhu nhau, cho biét thgi gian thuc hién céc thuat
toan? C6 nhan xét gi déi vdi cac thuat toan sdp x€p nay? Ban hay dé xuat va cai dat
thuat toan Quick-Sort trong truéng hgp khéng dung dé quy?

. Théng tin vé médi s6 hang ciia mét da thic bac n bao gém: Hé s6 - la mot sé thuc,

Bac - la mét s6 nguyén c6 gia tri tr 0 dén 100. Hay dinh nghia cau tric di liéu dé
luu tr céc da thdc trong bé nhd trong clia may tinh. VGi céu trac du liéu da dugc
dinh nghia, hay van dung moét thuat toan sap x€p va cai dat chuong trinh thuc hién
viéc sép x&p cac s6 hang trong da thic theo thi tu tdng dan cua cac bac.

. Théng tin vé cac phong thi tai mot héi dong thi bao gém: S6 phong - la mét sé

nguyén c6 gia tri to&* 1 dé€n 200, Nha - la mot chi cai in hoa tt A — Z, Kha nang
chiia - 1a mét s6 nguyén cé gia tri tt 10 — 250. Hay dinh nghia cdu trac da liéu dé
luu trir cac phong thi nay trong bé nhd trong cia may tinh. Véi céu trac du liéu da
dugc dinh nghia, van dung céac thuat toan sdp x€p va cai dat chuong trinh thyc hién
viéc céc cong viéc sau:
- S&p x&p va in ra man hinh danh sach cac phong thi theo thi ty giam dan vé Kha
nang chua.
- S4p x€p va in ra man hinh danh sach cac phong thi theo thi ty tang dan theo
Nha (TU A — Z), cac phong cung mét nha thi sdp x€p theo thid ty tang dan theo
S6 phong.
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- S4p x€p va in ra man hinh danh sach cac phong thi theo th( ty tang dan theo
Nha (Tu A — Z), cac phong cung moét nha thi sép x&p theo tha ty gidm dan theo
Kha nang cha.

8. Tao tap tin di lieu SONGUYEN.DAT gém 10000 s6 nguyén. Van dung céac thuat toan
sap xé&p trén file, hay cai dat chuong trinh dé sdp x&p dir liéu trén tap tin nay theo
th ty tdng dan vé gia tri cia cac sé nguyén trong d6. Cho biét thdi gian thyc hién
moi thuat toan? C6 nhan xét gi doi véi cac thuéat toan nay?

9. Théng tin vé moét sinh vién bao gém: Ma sé — la mét sé nguyén duong, Ho va dém —
la mét chudi cé t6i da 20 ky ty, Tén sinh vién — la mét chudi cé téi da 10 ky tu,
Ngay, thang, nam sinh - la cac sé nguyén dudng, Phai — La “Nam” hodc “N#”, Diém
trung binh - la céac sé thuc co6 gia tri to 0.00 — 10.00. Viét chuong trinh nhap vao
danh sach sinh vién (it nhat la 10 sinh vién, khéng nhap trung ma gira cac sinh vién
véi nhau) va luu trt danh sach nay vao tap tin c6 tén SINHVIEN.DAT, sau dé van
dung céac thuat toan sap xé€p trén file dé sédp xép danh sach sinh vién theo tht tu téng
dan theo Ma sinh vién. In danh sach sinh vién trong file SINHVIEN.DAT sau khi sap
x€p ra man hinh.

10. V4i tap tin di lieu c6 tén SINHVIEN.DAT trong bai tap 9, thyc hién cac yéu cau sau:
- Tao cac tap tin chi muc theo céc khéa trong céac truéng hgp sau:
+ Chi muc sdp x€p theo Ma sinh vién tang dan;

+ Chi muc sap xé€p theo Tén sinh vién tr A — Z, n€u cung tén thi sdp sép Ho va
dém theo thu ty tu A — Z;

+ Chi muc sép xép theo Diém trung binh gidm dan.

- Luu cac téap tin chi muc theo cac khéa nhu trong ba trudng hgp néu trén vao
trong dia véi cac tén tuong Ung la SVMASO.IDX, SVTH.IDX, SVDTB.IDX.

- Dya vao céac tap tin chi muc, in ra toan bé danh sach sinh vién trong tap tin
SINHVIEN.DAT theo dung thi sy sdp x€p quy dinh trong céc tap tin chi muc.

- C6 nhan xét gi khi thyc hién viéc sdp xé€p du liéu trén tap tin theo chi muc.

11. Trinh bay va cai dat cac thuat toan dé cap nhat lai tap tin chi muc khi tap tin do
liéu bi thay déi trong cac trudng hgp sau:

- Khi thém 01 phan t& di liéu vao tap tin d liéu.
- Khi hily 01 phan t& dir liéu trong tap tin di liéu.
- Khi hiéu chinh thanh khéa chi muc ctia 01 phan ti d@ liéu trong tap tin da liéu.

12. Trinh bay va cai dat cac thuat toan dé minh hoa (mé phdng) cac budc trong qua
trinh sép x&p di liéu cho cac thuat toan sédp x&€p noéi (S dung cac giao dién dé hoa
dé cai dat),
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Chuong 4: DANH SACH (LIST)

4.1. Khai niém vé danh sach

Danh sach la tap hgp cac phan t cé kiéu dif liéu xac dinh va gitta chiing c6 mét méi
lién hé nao dé.

S6 phan t& cda danh sach goi la chiéu dai cda danh sach. Mot danh sach cé chiéu dai
bang 0 la mét danh sach réng.

4.2. Cac phép toan trén danh sach

Tuy thuéc vao dac diém, tinh chat cla ting loai danh sdch ma méi loai danh sach cé

thé c6 hoac chi can thiét c6 mét sé phép toan (thao tac) nhat dinh nao dé. Néi chung,
trén danh sach thudng c6 cac phép toan nhu sau:

- Tao méi mét danh sach:
Trong thao tac nay, chung ta s& dua vao danh sach néi dung clua cac phan td, do
vay chiéu dai cua danh sach sé& dugc xac dinh. Trong moét sé trudng hgp, chung ta
chi can khdi tao gia tri va trang thai ban dau cho danh sach.

- Thém mot phan t vao danh sach:
Thao tac nay nhdm thém moét phan ti vao trong danh sach, néu viéc thém thanh
cong thi chiéu dai cia danh sach sé tédng lén 1. Cang tuy thudc vao tung loai danh
sach va ting trudng hgp cu thé ma viéc thém phéan t sé dugc ti€n hanh dau, cudi
hay gitta danh sach.

- Tim ki€m mét phan t& trong danh sach:
Thao tac nay sé van dung cac thuat toan tim ki€ém dé tim ki€ém mot phan td trén
danh sach thda man moét tieu chudn nao dé (thusng la tiéu chuan vé gia tri).

- Loai b b6t mét phan tl ra khdi danh séach:
Ngudc véi thao tac thém, thao tac nay sé loai bd bét mét phan ti ra khdi danh sach
do vay, néu viéc loai bd thanh céng thi chiéu dai ctia danh sach cing bi giam xuéng
1. Théng thudng, truéc khi thuc hién thao tdc nay ching ta thudng phéi thuc hién
thao tac tim ki€m phan t can loai bd.

- Cap nhat (stia déi) gia tri cho mét phan ti trong danh sach:

Thao tac nay nham sita déi noi dung cia mét phan ti trong danh sach. Tuong ty nhu
thao tac loai bd, truéc khi thay déi thudng ching ta ciing phai thuc hién thao tac tim
ki€m phan ti can thay déi.

- Sép x&p thit tu cac phan tl trong danh séach:

Trong thao tadc nay chung ta sé van dung cac thuat toan sadp xép dé sip x&p cac
phan ti trén danh sach theo mét trat ty xac dinh.

- Tach mat danh sach thanh nhiéu danh séch:
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Thao tac nay thuc hién viéc chia mét danh sach thanh nhiéu danh sach con theo moét
tieu thic chia nao dé. Két qua sau khi chia la té6ng chiéu dai trong cac danh sach
con phai bang chiéu dai ctia danh sach ban dau.

- Nhap nhiéu danh sach thanh mét danh sach:

Ngudc véi thao tac chia, thao tac nay ti€n hanh nhap nhiéu danh sach con thanh moét
danh sach c6 chiéu dai bang téng chiéu dai cac danh sach con. Tuy vao ting trudng
hdp ma viéc nhap c6 thé la:

+ Ghép néi dudi cac danh sach lai véi nhau,

+ Tron xen 14n cac phan ti trong danh sach con vao danh sach 16n theo mét trat
tu nhat dinh.

- Sao chép modt danh sach:

Thao tac nay thuc hién viéc sao chép toan bé néi dung cia danh sach nay sang moét
danh sach khéac sao cho sau khi sao chép, hai danh sach cé néi dung giéng hét nhau.

- Hay danh séach:

Thao tac nay sé ti€n hanh hiy bd (xéa bd) toan bé cac phan ti trong danh sach.
Viéc x6a bd nay tuy vao tiing loai danh sach ma cé thé la xéa bd toan bé noéi dung
hay cé néi dung lan khong gian bé nhd luu trit danh sach.

4.3. Danh sach dac (Condensed List)

4.3.1. Pinh nghia

Danh sach d&c la danh sach ma khéng gian bé nhé luu trir cac phan t duge dat lién
ti€p nhau trong bé nhd.

4.3.2. Biéu dién danh sdch ddc

Dé biéu dién danh sach dédc ching ta s dung mét day (mang) cac phan ti cé ki€u dir
liéu la ki€u dir liéu cla cac phan ti trong danh sach. Do vay, ching ta can biét truéc sé
phan t t6i da cia mang cing chinh la chiéu dai t6i da ciia danh sach théng qua mot
héng s6 nguyén. Ngoai ra, do chiéu dai cia danh sach luén luén bién dong cho nén
chung ta ciing can quan ly chiéu dai thuc ctia danh sach théng qua mét bié€n nguyén.

Gia s chung ta quy udc chiéu dai t6i da cua danh sach dac la 10000, khi dé cau trac
dir lieu dé biéu dién danh sach déc nhu sau:

const int MaxLen = 10000; // hoac: #define MaxLen 10000
int Length;
T CD_LIST[MaxLen]; // hoac: T * CD_LIST = new T[MaxLen];

Néu chuing ta st dung co ché cdp phat dong dé cdp phat boé nhé cho danh sach dac thi
can kiém tra sy thanh céng cuia viéc cap phat dong.

4.3.3. Cac thao tdac trén danh sdch dac

o] day c6 nhiéu thao tac da dugc trinh bay & cac chuong trudc, do vay chung ta khéng
trinh bay lai ma chi liét ké cho cé hé théng hoac trinh bay tém tét nhing néi dung
chinh cta céc thao tac nay.
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Céc thao tac cd ban trén danh sach dac nhu sau:

a. Khoi tao danh sdch (Initialize):

Trong thao tac nay chi don gian la chung ta cho chiéu dai ctia danh sach vé 0. Ham
khdi tao danh sach dac nhu sau:

void CD_lInitialize(int &Len)
{ Len = 0;
return;

}
b. Tao méi danh sach/ Nhdp danh sdach:
Ham CD_Create_List c6 prototype:
int CD_Create_List(T M[], int &Len);

Ham tao danh sach dédc cé chiéu dai t6i da MaxLen. Ham tra vé chiéu dai thuc cta
danh sach sau khi tao.

N6i dung cda ham nhu sau:

int CD_Create_List(T M[], int &Len)
{ if (Len > MaxLen)
Len = MaxLen;
for (inti=0;i< Len; i++)
M[i] = Input_One_Element();
return (Len);

}

-~

Luu y: Ham Input_One_Element thuc hién nhap vao néi dung cia moét phan ti cé kiéu
dw lieu T va trd vé gia tri cda phan t& mdi nhap vao. Tuy vao ting trudng hgp
cu thé ma ching ta vié€t ham Input_One_Element cho phu hgp.

c. Thém mot phdn tit vao trong danh sdch:

Gia st chung ta can thém mot phan ti cé gia tri NewValue vao trong danh sach M c6
chiéu dai Length tai vi tri InsPos.

- Thuat toan:

B1: IF (Length = MaxLen)
Thuc hién Bkt

//D@i cac phan t t vi tri InsPos->Length ra sau mot vi tri
B2: Pos = Length+1
B3: IF (Pos = InsPos)

Thuyc hién B7
B4: M[Pos] = M[Pos-1]
B5: Pos--
B6: Lap lai B3
B7: M[InsPos] = NewValue //Pua phan ti cé gia tri NewValue vao vi tri InsPos
B8: Length++ //Tang chiéu dai ciia danh sach lén 1

Bkt: Két thuc
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- Cai dat thuat toan:
Ham CD_Insert_Element cé prototype:
int CD_Insert_Element(T M[], int &Len, T NewValue, int InsPos);

Ham thyc hién viéc chén phan t& cé gia tri NewValue vao trong danh sach M c6
chiéu dai Len tai vi tri InsPos. Ham tra vé chiéu dai thuc cia danh sach sau khi
chén néu viéc chén thanh céng va ngugc lai, ham tra vé gia tri -1. Noi dung cua
ham nhu sau:

int CD_Insert_Element(T M[], int &Len, T NewValue, int InsPos)
{ if (Len == MaxLen)

return (-1);
for (inti = Len; i > InsPos; i--)
M[i] = MJi-1];
M[InsPos] = NewValue;
Len++;

return (Len);

}
d. Tim kiém mot phdn ti trong danh sdch:

Thao tac nay chung ta st dung céac thuat toan tim kiém néi (Tim tuyén tinh hoac tim
nhi phan) da dugc trinh bay trong Chuong 2.

e. Loai bé b6t mot phdn tii ra khéi danh sdch:

Gia s chung ta can loai bé phan t tai vi tri DelPos trong danh sach M cé chiéu dai
Length (Trong mét sé trudng hdp cé thé ching ta phai thuc hién thao tac tim ki€ém
dé xac dinh vi tri ctia phan t can xéa).

- Thuat toan:

B1: IF (Length = O OR DelPos > Len)
Thuc hién Bkt

//D8i cac phan tu tu vi tri DelPos+1->Length ra tru6c moét vi tri
B2: Pos = DelPos
B3: IF (Pos = Length)
Thuyc hién B7
B4: M[Pos] = M[Pos+1]
B5: Pos++
B6: Lap lai B3
B7: Length-- //Gidm chiéu dai ctia danh sach di 1
Bkt: K&t thuc

- Cai dat thuat toan:
Ham CD_Delete_Element c6 prototype:
int CD_Delete_Element(T M][], int &Len, int DelPos);

Ham thyc hién viéc xéa phan tu tai vi tri DelPos trong danh sach M cé chiéu dai
Len. Ham trd vé chiéu dai thyc cda danh sach sau khi xéa néu viéc xéa thanh
céng va ngudgc lai, ham tra vé gia tri -1. N6i dung cua ham nhu sau:
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int CD_Delete_Element(T M][], int &Len, int DelPos)
{ if (Len == 0 Il DelPos >= Len)

return (-1);

for (int i = DelPos; i < Len-1; i++)
M[i] = M[i+1];

Len--;

return (Len);

}
f. Cap nhdt (stta doi) gid tri cho mét phdn it trong danh sdch:

Gia s ching ta can stia déi phan t tai vi tri ChgPos trong danh sach M cé chiéu dai
Length thanh gia tri mé&i NewValue. Thao tac nay chi don gia la viéc gén lai gia tri
mdi cho phan ti can thay déi: M[ChgPos] = NewValue;

Trong mét sé trudng hgp, trudc tién chung ta phai thyc hién thao tac tim ki€m phan
t can thay déi gia tri dé xac dinh vi tri ctia n6 sau dé méi thyc hién phép gan nhu
trén.

g. Sdp xép thit tu cdc phdn ti trong danh sdch:

Thao tac nay chung ta st dung cac thuat toan sdp x&p ndi (trén mang) da trinh bay
trong Chucong 3.

h. Tach mot danh sdch thanh nhiéu danh sdch:

Tuy thudc vao ting yéu cau cu thé ma viéc tdch mét danh sach thanh nhiéu danh
sach cé thé thuc hién theo nhiing tiéu thiic khac nhau:

+ C6 thé phan phdi luan phién theo cac dudng chay nhu da trinh bay trong cac
thuat toan sdp xé€p theo phuong phap tréon 8 Chuong 3;

+ C6 thé phan phéi luan phién ting phan cia danh sach can tach cho cac danh
sach con. O day chung ta sé trinh bay theo cach phan phéi nay;

+ Tach cac phan ti trong danh sach théa man mét diéu kién cho trudc.

Gia s chung ta can tach danh sach M c6 chiéu dai Length thanh cac danh sach con
SM1, SM2 c6 chiéu dai tuong tng la SLen1, SLen2.

- Thuat toan:

// Kiém tra tinh hgp 1é ctia SLen1 va SLen2: SLen1 + SLen2 = Length
B1: IF (SLenl > Length)
B1.1: SLenl = Length
B1.2: SLen2 =0
B2: IF (SLen2 > Length)
B2.1: SLen2 = Length
B2.2: SLenl =0
B3: IF (SLenl + Slen2 # Length)
SLen2 = Length — SLen1
B4: IF (SLenl1 < 0)

SLenl =0
B5: IF (SLen2 < 0)
SLen2 = 0
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// Chép SLen1 phan t& dau trong M vao SM1
B6:i=1,si=1
B7: IF (i > SLen1)

Thyc hién B11
B8: SM1[si] = M[i]
BO: i++, si++
B10: Lap lai B7
// Chép SLen2 phan ti cudi trong M vao SM2
Bll:si=1
B12: IF (i > Length)

Thuc hién Bkt
B13: SM2[si] = M]i]
Bl4: i++, si++
B15: Lap lai B12
Bkt: K&t thac

- Cai dat thuat toan:
Ham CD_Split c6 prototype:
void CD_Split(T M][], int Len, T SM1][], int &SLenl, T SMZ2[], int &SLen2);

Ham thuc hién viéc sao chép néi dung SLen1 phan t& dau tién trong danh sach M
vao trong danh con SM1 va sao chép SLen2 phéan tU cudi cung trong danh sach M
vao trong danh sach con SM2. Ham hiéu chinh lai SLen1, SLen2 néu can thiét.

No6i dung cda ham nhu sau:

void CD_Split(T M][], int Len, T SM1[], int &SLenl, T SMZ2[], int &SLen2)
{ if (SLen1 >= Len)
{ SLenl = Len;
SLen2 = 0;
}
if (SLen2 >= Len)
{ SLen2 = Len;
SLenl = 0;
H
if (SLenl < 0) SLenl = 0;
if (SLen2 < 0) SLen2 = 0;
if (SLen1 + SLen2 != Len)
SLen2 = Len - SLen1;
for (inti=0;i< SLenl; i++)

SM1Ji] = M]i];

for (intj = 0;i < Len; i++, j++)
SM2[j] = Mii];

return;

}
i. Nhdp nhiéu danh sdch thanh mét danh sdch:

Tuy thudc vao tiing yéu cau cy thé ma viéc nhap nhiéu danh sach thanh mét danh
sach cé thé thyc hién theo cac phuong phap khac nhau, cé thé la:
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+ Ghép néi dudi cac danh sach lai véi nhau;

+ Tron xen lan cac phan ti trong danh sach con vao danh sach 16n theo mot trat
tu nhat dinh nhu chang ta da trinh bay trong céac thuat toan tréon & Chuong 3.

o] day chung ta trinh bay cach ghép cac danh sach thanh mét danh sach.

Gia sU chung ta can ghép cac danh sach SM1, SM2 cé chiéu dai SLen1, SLen2 vao
thanh mét danh sach M c6 chiéu dai Length = SLen1 + SLen2 theo tha ty t& SM1 réi
dén SM2.

- Thuat toan:

// Kiém tra kha néng chita cia M: SLen1 + SLen2 < MaxLen
B1: IF (SLenl + SLen2 > MaxLen)
Thuc hién Bkt

// Chép SLen1 phan t& dau trong SM1 vao dau M
B2:i=1
B3: IF (i > SLen1)
Thyc hién B7
B4: M[i] = SM1[i]
B5: i++
B6: Lap lai B3

// Chép SLen2 phan tr dau trong SM2 vao sau M
B7:si=1
B8: IF (si > SLen2)
Thuc hién Bkt
BO: M[i] = M2[si]
B10: i++, si++
B11: Lap lai B8
Bkt: K&t thac

- Cai dat thuat toan:
Ham CD_Concat c6 prototype:
int CD_Concat (T SM1[], int SLenl, T SM2[], int SLen2, T M[], int &Len);

Ham thyc hién viéc sao ghép néi dung hai danh sach SM1, SM2 c6 chiéu dai
tuong Ung SLenl, SLen2 vé danh sach M c6 chiéu dai Len = SLen1 + SLen2 theo
thr ty SM1 dén SM2. Ham tra vé chiéu dai ciia danh sach M sau khi ghép néu viéc
ghép thanh céng, trong trudng hdp ngugc lai ham tra vé gia tri -1.

No6i dung cia ham nhu sau:

int CD_Concat (T SMI1[], int SLenl, T SM2][], int SLen2, T M][], int &Len)
{ if (SLen1 + SLen2 > MaxLen)

return (-1);

for (inti=0;i< SLenl; i++)
MJi] = SM1[i];

for (int j = 0; j < SLen2; i++, j++)
M[i] = SM2]j;

Len = SLen1 + SLen2;
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return (Len);

}
J- Sao chép mgt danh sdch:

Gia s chung ta can sao chép néi dung dach sach M c6 chiéu dai Length vao thanh
danh sach CM cé cung chiéu dai.

- Thuat toan:
Bl:i=1
B2: IF (i > Length)
Thuc hién Bkt

B3: CM[i] = M[i]
B4: i++
B5: Lap lai B2

Bkt: K&t thuc
- Cai dat thuat toan:
Ham CD_Copy c6 prototype:
int CD_Copy (T M][], int Len, T CM[]);
Ham thuyc hién viéc sao chép néi dung danh sach M cé chiéu dai Len vé danh

sach CM c6 cung chiéu dai. Ham tra vé chiéu dai cua danh sach CM sau khi sao
chép.
N6i dung cia ham nhu sau:
int CD_Copy (T M][], int Len, T CM[])
{ for (inti=0;i< Len;i++)
CM([i] = MJi]:
return (Len);
§
k. Huy danh sdch:
Trong thao tac nay, néu danh sach dugc cdp phat dong thi chiang ta ti€én hanh hay
bd (xéa bd) toan bé cac phan ti trong danh sach bang toan ti huy bd (trong C/C++
la free/delete). Néu danh sach dugc cdp phat tinh thi viéc hiy bé chi la tam thdi cho
chiéu dai ctia danh sach vé 0 con viéc thu hdi bé nhé sé do ngén ngit ty thyc hién.

4.3.4. Uu nhuoc diém va Ung dung

a. Uu nhuoc diém:

Do cac phéan ti dugc luu trid lién ti€p nhau trong boé nhé, do vay danh sach dac cé
cac uu nhugc diém sau day:

- Méat do s’ dung bo nhdé cua danh sach dac la téi uu tuyét déi (100%);

- Viéc truy xudt va tim ki€m cac phan t& cia danh sach dac la dé dang vi cac phan
tl diing lién nhau nén ching ta chi can st dung chi s6 dé dinh vi vi tri cac phan ti
trong danh sach (dinh vi dia chi cac phan t);

- Viéc thém, bét cac phan ti trong danh sach dac cé nhiéu khé khan do chung ta
phai di dsi cac phan ti khac di qua ché khac.
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b. Ung dung ciia danh sdch déc:

Danh sach dac dugc ing dung nhiéu trong cac cau truc di liéu mang: mang 1 chiéu,
mang nhiéu chiéu; Mang cdp phéat tinh, mang cdp phat dong; .. ma ching ta da
nghién ctu va thao tac kha nhiéu trong qua trinh lap trinh trén nhiéu ngén ngir lap
trinh khac nhau.

4.4. Danh sach lién két (Linked List)
4.4.1. Pinh nghia

Danh sach lién két la tap hgp cac phan t& ma gitta chiung c6 mét sy néi két véi nhau
théng qua vang lién két cda chung.
Su ndi két gilta cac phan td trong danh sach lién két d6 la sy quan ly, rang budc 1an
nhau vé néi dung ctuia phan ti nay va dia chi dinh vi phéan t& kia. Tay thuéc vao muc do
va céach thic néi két ma danh sach lién két c6 thé chia ra nhiéu loai khac nhau:

- Danh sach lién két don;

- Danh sach lién két doi/kép;

- Danh sach da lién két;

- Danh séach lién két vong (vong don, vong déi).
Méi loai danh sach sé& cé cach bi€u dién cac phan t& (cdu trac dir liéu) rieng va cac
thao tac trén doé. Trong tai liéu nay chung ta chi trinh bay 02 loai danh sach lién két co
ban la danh sach lién két don va danh séch lién két doi.

4.4.2. Danh sdch 1ién két don (Singly Linked List)

A. Cau trac di liéu:

No6i dung cua méi phan t& trong danh sach lién két (con goi la mot nat) gébm hai
vung: Ving di lieu va Vung lién két va c6 cdu trac di lieu nhu sau:

typedef struct SLL_Node
{ T Key;
InfoType Info;
SLL_Node * NextNode; // Vung lién két quan ly dia chi phan ti ké ti€p
} SLL_OneNode;

Tuong tu nhu trong cac chuong truéc, & day dé don gidn chung ta cling gid thiét
rang vang di liéu cda mdi phan t trong danh sach lién két don chi bao gébm mét
thanh phan khéa nhan dién (Key) cho phan t& d6. Khi dé, cau trac di liéu trén cé
thé viét lai don gian nhu sau:

typedef struct SLL_Node
{ T Key;

SLL_Node * NextNode; // Vung lién két quan ly dia chi phan ti ké ti€p

} SLL_OneNode;

typedef SLL_OneNode * SLL_Type;
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P& quan ly moét danh sach lién két ching ta cé thé st dung nhiéu phuong phap khac
nhau va tuong Ung véi cac phucng phap nay chung ta sé c6 cac cau trac du liéu
khac nhau, cu thé:

- Quan ly dia chi phan ti¥ dau danh séch:
SLL_Type SLListl;
Hinh anh minh hoa:
SLList1 NJLL
— 15 |@ 10 (@ 20 |® 18 |® 40 |® 35 |® 30 (¢

- Quan ly dia chi phan t dau va cudi danh séch:

typedef struct SLL_PairNode
{ SLL_Type SLLFirst;
SLL_Type SLLLast;
} SLLP_Type;

SLLP_Type SLList2;

Hinh anh minh hoa:

SLLFirst SLl Last NJLL
&—» 15 » 10 20 » 18 40 35 » 30 (¢

- Quén ly dia chi phén ti¥ dau, dia chi phan tF cudi va s6 phén tf trong danh séch:

typedef struct SLL_PairNNode
{ SLL_Type SLLFirst;
SLL_Type SLLLast;
unsigned NumDNode;
} SLLPN_Type;

SLLPN_Type SLList3;

Hinh anh minh hoa:

SLLFirst SL] Last NJLL
&—» 15 (& 10 |(® 20(®1 18 |® 40 (91 35 |1 30 |*
° NumNode = 7 .

B. Cac thao tac trén danh sach lién két don:

Véi mbi cach quan ly khac nhau cia danh séach lién két don , cac thao tac cing sé
c6 sy khac nhau vé mat chi ti€t song ndi dung cd ban it c6 sy khac nhau. Do vay, &
day chung ta chi trinh bay cac thao tac theo cach quan ly th& nhat (quan ly dia chi
cla phan ti dau danh sach lién két don), cac cach quan ly khéac sinh vién ty van
dung dé diéu chinh cho thich hgp.
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a. Khoi tao danh sdch (Initialize):

Trong thao tac nay chi don gian la chung ta cho gia tri con tré quan ly dia chi phan
t dau danh sach vé con tré NULL. Ham khdi tao danh sach lién két don nhu sau:
void SLL_Initialize(SLL_Type &First)
{ First = NULL;
return;

}

Hinh anh minh hoa:

SLListl NJLL
o —

b. Tao méi mot phdn tit / niit:
Gia st chung ta can tao méi moét phan tlr c6 thanh phan di lieu la NewData.
- Thuat toan:

B1: First = new SLL_OneNode
B2: IF (First = NULL)

Thuc hién Bkt
B3: First->NextNode = NULL
B4: First->Key = NewData
Bkt: Két thuc

- Cai dat thuat toan:
Ham SLL_Create_Node c6 prototype:
SLL_Type SLL_Create_Node(T NewData);

Ham tao m&i mot nut cé thanh phan di liéu la NewData, ham tra vé con tré tré
t6i dia chi cia nat méi tao. Néu khéng di bé nhé dé tao, ham trd vé con trd
NULL.
SLL_Type SLL_Create_Node(T NewData)
{ SLL_Type Pnode = new SLL_OneNode;
if (Pnode != NULL)
{ Pnode->NextNode = NULL,

Pnode->Key = NewData;
}

return (Pnode);

}

- Minh hoa thuat toan:
Gia sU chung ta can tao nut cé thanh phan du liéu la 20: NewData = 20
Pnode = new SLL_OneNode

Pnode &— ¢

Pnode->NextNode = NULL
Pnode->Key = NewData
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Pnode o ,/20 |gl, NULL

c. Thém mot phdn ti vao trong danh sdch:
Gia s chung ta can thém mot phan t& c6 gia tri thanh phan du liéu la NewData vao
trong danh sach. Viéc thém cé thé dién ra & dau, cudi hay & gilta danh sach lién két.
Do vay, & day chung ta trinh bay 3 thao tac thém riéng biét nhau:
- Thuat toan thém phan t& vao dau danh sach lién két don:

B1: NewNode = SLL_Create_Node (NewData)
B2: IF (NewNode = NULL)
Thuc hién Bkt
B3: NewNode->NextNode = SLList // N6i SLList vao sau NewNode
B4: SLList = NewNode // Chuyén vai trd ding dau ctia NewNode cho SLList
Bkt: K&t thuac

- Minh hoa thuat toan:
Gia su chung ta can thém nuat c¢é thanh phan di liéu la 25: NewData = 25
NewNode

o—» 25 (&— N(ULL

NJLL
SLList —»10 (® 20|¢® 18 |® 40 |® 35 |® 30 |*T

NewNode->NextNode = SLList:
NewNode

o—» 25 | @

NULL
18 |® 40 |® 35 |®7* 30 |**

v

SLList 10 |® 20|®

SLList = NewNode:
NewNode

e— 25 | &

SLListe” NULL
10 |® 20|® 18 |® 40 |®7* 35 (®T % 30 |*

Két qua sau khi chén:
SLList NJLL
10 |® 20|® 18 |® 40 |®7* 35 |*7* 30 |*

A 4

A 4

&—> 25 ([

- Thuat toan thém phan t& vao cudi danh sach lién két don:

B1l: NewNode = SLL_Create_Node (NewData)
B2: IF (NewNode = NULL)

Trang: 95



Gido tnint: Chu Tnic Dic Licw va Gide Thadt

Thuc hién Bkt
B3: IF (SLList = NULL)
B3.1: SLList = NewNode
B3.2: Thuc hién Bkt

// Tim dén dia chi cda phan tU cudi cung trong danh séch lién két don

B4: CurNode = SLList
B5: IF (CurNode->NextNode = NULL)
Thuc hién B8
B6: CurNode = CurNode->NextNode // Chuyén qua nut ké tiép
B7: Lap lai B5
B8: CurNode->NextNode = NewNode // N6i NewNode vao sau CurNode
Bkt: K&t thuc

- Minh hoa thuat toan:
Gia sU chung ta can thém nuat c¢é thanh phan di liéu la 25: NewData = 25
NJLL
NewNode ®— 25 |*T
SLList Curgode
o— 15 |@ 10 |® 20|® 18 |® 40 |® 35 (¢ NULL

CurNode->NextNode = NewNode:

NJLL
NewNode 25 |*T
SLList Cur&ode
15 |® 10 (® 20|® 18 |® 40 |® 35 | ®
Két qua sau khi chén:
SLList NJLL

15 |® 10 |® 20 |® 18 |® 40 |® 35 |® 25 |

- Thuat toan thém phan ti vao giita danh sach lién két don:

Gia s chung ta can thém mét phan ti c6 gia tri thanh phan di lieu la NewData
vao trong danh sach SLList vao ngay sau nut c6 dia chi InsNode. Trong thuc té
nhiéu khi ching ta phai thyc hién thao tac tim ki€ém dé xac dinh dia chi InsNode, &
day gia s chung ta da xac dinh dugc dia chi nay.

B1: NewNode = SLL_Create_Node (NewData)
B2: IF (NewNode = NULL)
Thuc hién Bkt
B3: IF (InsNode->NextNode = NULL)
B3.1: InsNode->NextNode = NewNode
B3.2: Thuc hién Bkt
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// N6i cac nut ké sau InsNode vao sau NewNode
B4: NewNode->NextNode = InsNode->NextNode

// Chuyén méi lién két gitra InsNode véi nit ké ciia né vé NewNode
B5: InsNode->NextNode = NewNode
Bkt: Két thuc

- Minh hoa thuat toan:

Gia s chung ta can thém nut c6 thanh phan di liéu la 25 vao sau nat cé dia chi
InsNode nhu sau: NewData = 25

NewNode ®—25 |®— NULL
SLList Insgode
—> 15 |@ 10 |® 20| ® 18 |® 40 |® 35 |¢*— NULL

NewNode->NextNode = InsNode->NextNode:

._
NewNode ®—25 \
SLList InsNode
o,

&— 15 » 10 20 » 18 40 35 ¢ NULL

InsNode->NextNode = NewNode:

NewNode » 25 |@
SLList

&— 15 |® 10 |® 20 18 |® 40 |® 35 ¢ NULL

v

InsNode
Két qua sau khi chén:

SLList NULL
25 |® 18 |®1* 40 |®** 35 |*

A 4

&—> 15 ([ ?10 [ 20.

- Cai dat thuat toan:
Cac ham thém phan ti tuong Ung véi cac trudng hgp cé prototype nhu sau:
SLL_Type SLL_Add_First(SLL_Type &SList, T NewData);
SLL_Type SLL_Add_Last(SLL_Type &SList, T NewData);
SLL_Type SLL_Add_Mid(SLL_Type &SList, T NewData, SLL_Type &InsNode);

Ham thyc hién viéc chén phan t c6 gia tri thanh phan dir liéu NewData vao trong
danh sach lién két don quan ly bdi con tré dau danh sach SList tuong Ung véi 3
trudng hgp: Thém dau, thém cudi, thém gitta. Cac ham tra vé gia tri la dia chi cda
nat dau tién néu viéc thém thanh céng. Trong trudng hdp ngudc lai, cac ham tra
vé con tré NULL.

Riéng déi vdi trudng hgp thém gita, ham SLL_Add_Mid thuc hién viéc thém vao
ngay sau nut cé6 dia chi InsNode. Noi dung cuia cac ham nhu sau:
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SLL_Type SLL_Add_First(SLL_Type &SList, T NewData)
{ SLL_Type NewNode = SLL_Create_Node(NewData);
if (NewNode == NULL)
return (NULL);
NewNode->NextNode = SList;
SList = NewNode;
return (SList);

SLL_Type SLL_Add_Last(SLL_Type &SList, T NewData)
{ SLL_Type NewNode = SLL_Create_Node(NewData);

if (NewNode == NULL)

return (NULL);
if (SList == NULL)

{ SList = NewNode;

return (SList);

H
SLL_Type CurNode = SList;
while (CurNode->NextNode != NULL)

CurNode = CurNode->NextNode;
CurNode->NextNode = NewNode;
return (SList);

SLL_Type SLL_Add_Mid(SLL_Type &SList, T NewData, SLL_Type &InsNode)
{ SLL_Type NewNode = SLL_Create_Node(NewData);
if (NewNode == NULL)
return (NULL);
if (InsNode->NextNode == NULL)
{ InsNode->NextNode = NewNode;
return (SList);
}
NewNode->NextNode = InsNode->NextNode;
InsNode->NextNode = NewNode;
return (SList);
H

d. Duyét qua cdc niit trong danh sdch:

bay la mét thao tac thudng xuyén xay ra trén danh sach lién két don néi chung va
cac danh sach khac néi rieng dé thuc hién thao tac xi ly cac nat hodc xi ly di liéu
tai cac nut. Cé nhiéu thao tac xu ly tuy ting trudng hdp va yéu cau song & day don
gidn chuing ta chi duyét dé xem noi dung thanh phan di liéu trong danh sach.

- Thuat toan:

B1: CurNode = SLList
B2: IF (CurNode = NULL)
Thuc hién Bkt
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B3: OutputData(CurNode->Key)  // Xuat gia tri thanh phan di liéu trong 1 nut
B4: CurNode = CurNode->NextNode
B5: Lap lai B2
Bkt: K&t thac

- Cai dat thuat toan:
Ham SLL_Travelling c6 prototype:
void SLL_Travelling(SLL_Type SList);

Ham duyét qua cac nuat trong danh sach lién két don quén ly bdi dia chi nut dau
tién théng qua SList dé xem néi dung thanh phan di liéu cia méi nat.

No6i dung cda ham nhu sau:

void SLL_Travelling (SLL_Type SList)
{ SLL_Type CurNode = SList;
while (CurNode != NULL)
{ OutputData(CurNode->Key);
CurNode = CurNode->NextNode;
H

return;

& Luu y:

Ham OutputData thyc hién viéc xuat néi dung cia mét bién cé kiéu di lieu T. Tuy
vao tung trudng hdp cu thé ma chuing ta viét ham OutputData cho phu hgp.

e. Tim kiém mot phdn tii trong danh sdch:
Gia s chung ta can tim ki€ém xem trong danh sach lién két don c6 tén tai nut cé
thanh phan di liéu la SearchData hay khéng. Thao tac nay chung ta van dung thuat
toan tim tuyén tinh dé tim kié€m.
- Thuat toan:

B1: CurNode = SLList

B2: IF (CurNode = NULL OR CurNode->Key = SearchData)
Thuc hién Bkt

B3: CurNode = CurNode->NextNode

B4: Lap lai B2

Bkt: Két thuc

- Cai dat thuat toan:
Ham SLL_Searching c6 prototype:
SLL_Type SLL_Searching(SLL_Type SList, T SearchData);

Ham thyc hién viéc tim ki€ém nat c6 thanh phan da liéu la SearchData trén danh
sach lién két don quan ly bdi dia chi nut dau tién théng qua SList. Ham tra vé dia
chi cuia nut dau tién trong danh sach khi tim thdy, ngugc lai ham tra vé con tré
NULL.

N6i dung cia ham nhu sau:
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SLL_Type SLL_Searching(SLL_Type SList, T SearchData)
{ SLL_Type CurNode = SList;
while (CurNode != NULL)
{ if (CurNode->Key == SearchData)
break;
CurNode = CurNode->NextNode;
H

return (CurNode);

}
f. Loai bé b6t mét phan ti ra khéi danh sdch:

Gia sU chung ta can loai bd phan ti cé gia tri thanh phan di liéu la DelData trong
danh sach lién két don. DPé thuc hién diéu nay trudc tién ching ta phai thuc hién
thao tac tim ki€m dia chi cdia nat c6 thanh phan di liéu 1a DelData, sau dé6 mdi thuc
hién thao tac loai bé néu tim thay. Tuy nhién trong qua trinh tim kiém, néu tim thay
chung ta phai ghi nhan dia chi cda nat diing ngay trudéc nuat tim thdy la PreDelNode.

- Thuat toan:
// Tim ki€ém nuat c6 Key la DelData trong danh sach

B1: DelNode = SLList

B2: PreDelNode = NULL

B3: IF (DelNode = NULL)
Thuc hién Bkt

B4: IF (DelNode->Key=DelData)
Thuc hién B8

B5: PreDelNode = DelNode

B6: DelNode = DelNode->NextNode

B7: Lap lai B3

// Loai bé nut tai dia chi DelNode ra khdi danh sach

B8: IF (PreDelNode = NULL) // Loai bd nuat dau tién trong danh sach
B8.1: SLList = SLList->NextNode
B8.2: Thyc hién B10

// Lién két cac nét sau DelNode vé nut PreDelNode
B9: PreDelNode->NextNode = DelNode->NextNode

// Cat méi lién két gitta DelNode v&i cac nut con lai trong danh sach
// va hay DelNode

B10: DelNode->NextNode = NULL

B11: delete DelNode

Bkt: Két thuc

- Cai dat thuat toan:
Ham SLL_Delete_Node c6 prototype:
int SLL_Delete_Node (SLL_Type &SList, T DelData);
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Ham thyc hién viéc x6a phan ti cé thanh phan di liéu la DelData trong danh sach
lien két quan ly bdi con tré dau SList. Ham trd vé gia tri 1 néu viéc xéa thanh
céng va ngudgc lai, ham tra vé gia tri -1. N6i dung cua ham nhu sau:

int SLL_Delete_Node (SLL_Type &SList, T DelData)
{ SLL_Type DelNode = SList;

}

SLL_Type PreDelNode = NULL,;
while (DelNode != NULL)
{ if (DelNode->Key == DelData)
break;
PreDelNode = DelNode;
DelNode = DelNode->NextNode;
§
if (DelNode == NULL)
return (-1);
if (PreDelNode == NULL)
SList = SList->NextNode;
else
PreDelNode->NextNode = DelNode->NextNode,;
DelNode->NextNode = NULL;
delete DelNode;
return (1);

- Minh hoa thuat toan:

+ Gia sU chung ta can huy nat c6 thanh phan di liéu la 25: DelData = 25

SLList NJLL
D5 (&1 (@ 20|®—* 18 |® 40 |® 35 » 30 (¢
DelNode
SLList = SLList->NextNode
DelNode  SLList NJLL
25 |®7 10 |® 20|®—* 18 |® 40 |® 35 » 30 (*T
DelNode->NextNode = NULL
DelNode  SLList NJLL
25 |& |10 |® 20|®—* 18 |® 40 |® 35 » 30 (¢
NULL
Két qua sau khi huy:
SLList
— 10 |® 20 |® 18 |® 40 (@ 35 |® 30 — NULL
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+ Bay gid gia st chuing ta can hiy nat cé thanh phan di liéu la 20: DelData = 20
SLList DelNode NJLL
&—» 25 ’ 10 20 ’ 18 40 35 » 30 |

PreDelNode/

PreDelNode->NextNode = DelNode->Next

SLList DelNode NJLL
—» 25 " 10 | & 20 » 18 40 35 ’ 30 (&

PreDelNode/ J

DelNode->Next = NULL

SLList DelNode /' NALL NULL
*—» 25 »10 | 20 | *1 18 40 35 " 30 |

PreDelNode/ J

Két qua sau khi huy:

SLList
*—> 25 » 10 18 " 40 35 30 |*T NULL

g. Huy danh sdch:
Thao tac nay thyc chéat la thyc hién nhiéu lan thao tac hdy mot nut.
- Thuat toan:

B1: IF (SLList = NULL)
Thuc hién Bkt
B2: TempNode = SLList
B3: SLList = SLList->NextNode
B4: TempNode->NextNode = NULL
B5: delete TempNode
B6: Lap lai B1
Bkt: K&t thuc

- Cai dat:
Ham SLL_Delete c6 prototype:
void SLL_Delete (SLL_Type &SList);
Ham thyc hién viéc hdy toan bé danh sach SList.
No6i dung cda ham nhu sau:

void SLL_Delete (SLL_Type &SList)
{ SLL_Type TempNode = SList;
while (SList != NULL)
{ SList = SList->NextNode;
TempNode->NextNode = NULL,;
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delete TempNode;
TempNode = SList;

}

return ;

}
h. Tao méi danh sach/ Nhdp danh sdch:

Viéc tao mdi mét danh sach lién két don thuc chéat la ching ta lién tuc thuc hién thao
tac thém mot phan t& vao danh sach ma ban dau danh sach nay la mot danh sach
réng. C6 thé st dung mét trong ba ham thém phan t&r dé thém phan t, & day chung
ta s dung ham SLL_Add_First.

Gia sU chung ta can tao danh sach lién két don cé N phan tu.
- Thuat toan:

B1: SLL_Initialize(SLList)
B2:i=1
B3:IF (i > N)
Thuc hién Bkt
B4: NewData = InputNewData() // Nhap gia tri cho bién NewData
B5: SLL_Add_First(SLList, NewData)
B6: i++
B7: Lap lai B3
Bkt: K&t thac

- Cai dat thuat toan:
Ham SLL_Create cé prototype:
SLL_Type SLL_Create(SLL_Type &SList, int N);

Ham tao danh sach lién két don c6 N nat quan ly bdi dia chi nat dau tién théng
qua SList. Ham tra vé dia chi ciia nut dau tién trong danh sach néu viéc tao thanh
cong, ngugc lai ham tra vé con tré NULL.

No6i dung cda ham nhu sau:

SLL_Type SLL_Create(SLL_Type &SList, int N)
{ SLL_Initialize(SList);
T NewData;
for (inti=0;i<N;i++)
{ NewData = InputNewData();
if (SLL_Add_First(SList, NewData) == NULL)
{ SLL_Delete (SList);
break;

}

h
return (SList);
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Ham InputNewData thuc hién viéc nhap vao ndi dung ciia moét bién cé kiéu di liéu
T va tra vé gia tri méi nhap vao. Tuy vao ting trudng hgp cu thé ma ching ta viét
ham InputNewData cho phu hgp.

i. Tach mot danh sdch thanh nhiéu danh sdch:

Tuong ty nhu danh sach dac, viéc tach mot danh sach lién két don thanh nhiéu danh
sach lién két don khac nhau cing cé nhiéu tiéu thic khac nhau ma chung ta sé thyc
hién theo cac cach khac nhau. Ngoai ra viéc tach ciing sé khac nhau trong truéng
hgp cé hay khoéng git lai danh sach ban dau. o] day chung ta thuc hién viéc tach cac
nut trong danh sach lién két don SLList thanh hai danh séach lién két don con SLList
va SLList1 luan phién theo cac dudng chay ty nhién va khéng gi lai danh séach lién
két ban dau. Cac trudng hgp khac sinh vién tu van dung dé thao tac.

- Thuat toan:

B1: CurNode = SLList
B2: SLList1 = SLList
B3: LastNodel = NULL, LastNode2 = NULL

// Cét cac nut tur sau dudng chay ty nhién tht nhat vé SLList1

B4: IF (CurNode = NULL OR CurNode->NextNode = NULL)
Thuc hién Bkt
B5: IF (CurNode->Key > CurNode->NextNode->Key)
B5.1: LastNodel = CurNode
B5.2: SLList1 = SLList1->NextNode
B5.3: CurNode = CurNode->NextNode
B5.4: LastNodel->NextNode = NULL
B5.5: Thuc hién B8
B6: CurNode = CurNode->NextNode, SLList1 = SLList1->NextNode
B7: Lap lai B4

// Cét cac nut tr sau dudng chay ty nhién thd hai vé SLList

B8: IF (CurNode = NULL OR CurNode->NextNode = NULL)
Thuc hién Bkt
BO: IF (CurNode->Key > CurNode->NextNode->Key)
B9.1: LastNode2 = CurNode
B9.2: CurNode = CurNode->NextNode
B9.3: LastNode2->NextNode = NULL
B9.4: Thyc hién B12
B10: CurNode = CurNode->NextNode
B11: Lap lai B8

// Phan phéi (git lai) dudng chay ké ti€p trong SLList

B12: LastNodel->NextNode = CurNode

B13: IF (CurNode = NULL OR CurNode->NextNode = NULL)
Thuc hién Bkt

B14: IF (CurNode->Key > CurNode->NextNode->Key)
B14.1: LastNodel = CurNode
B14.2: CurNode = CurNode->NextNode
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B14.3: LastNodel->NextNode = NULL
B14.4: Thuc hién B17

B15: CurNode = CurNode->NextNode

B16: Lap lai B13

// Phan phéi (git lai) dudng chay ké ti€p trong SLList1

B17: LastNode2->NextNode = CurNode

B18: IF (CurNode = NULL OR CurNode->NextNode = NULL)
Thuc hién Bkt

B19: IF (CurNode->Key > CurNode->NextNode->Key)
B19.1: LastNode2 = CurNode
B19.2: CurNode = CurNode->NextNode
B19.3: LastNode2->NextNode = NULL
B19.4: Lap lai B12

B20: CurNode = CurNode->NextNode

B21: Lap lai B18

Bkt: K&t thuc

- Cai dat thuat toan:
Ham SLL_Split c6é prototype:
SLL_Type SLL_Split(SLL_Type &SList, SLL_Type &SList1);

Ham thuc hién viéc phan phdi bét cac dudng chay tu nhién trong SList sang
SList1. Ham trd vé con trd trd téi dia chi phan t dau tién trong SList1.

No6i dung cda ham nhu sau:

SLL_Type SLL_Split(SLL_Type &SList, SLL_Type &SList1)
{ SListl = SList;
if (SList1 == NULL)
return (NULL);
SLL_Type Lastl;
SLL_Type Last2;
while (SListl1->NextNode != NULL)
{ if (SList1->Key > SList1->NextNode->Key)
break;
SList1 = SList1->NextNode;

}
if (SList1->NextNode != NULL)

Lastl = SList1;
SList1 = SList1->NextNode;
Last1l->NextNode = NULL;
SLL_Type CurNode = SList1;
if (CurNode == NULL)

return (NULL);
while (CurNode->NextNode != NULL)

{ if (CurNode->Key > CurNode->NextNode->Key)

break;
CurNode = CurNode->NextNode;
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}
if (CurNode->NextNode == NULL)

return (SList1);
Last2 = CurNode;
CurNode = CurNode->NextNode;
Last2->NextNode = NULL;
while (CurNode != NULL)
{ Lastl->NextNode = CurNode;
if (CurNode->NextNode == NULL)
break;
while (CurNode->NextNode != NULL)
{ if (CurNode->Key > CurNode->NextNode->Key)
break;
Cur Node = CurNode->NextNode;

}
if (CurNode->NextNode == NULL)

break;
Lastl = CurNode;
CurNode = CurNode->NextNode;
Last1->NextNode = NULL;
Last2->NextNode = CurNode;
if (CurNode->NextNode == NULL)

break;
while (CurNode->NextNode != NULL)

{ if (CurNode->Key > CurNode->NextNode->Key)

break;
Cur Node = CurNode->NextNode;

}
if (CurNode->NextNode == NULL)

break;
Last2 = CurNode;
CurNode = CurNode->NextNode;
Last2->NextNode = NULL;

H
return (SList1);

}
j. Nhdp nhiéu danh sdach thanh mét danh sdch:

Tuong tu, viéc nhap nhiéu danh sach thanh mét danh sach chung ta thuc hién theo
hai trudng hdp khac nhau:
+ Ghép néi dudi cac danh sach lai véi nhau;
+ Trén xen 1an cac phan tu trong danh sach con vao thanh mét danh sach 16n
theo mot trat ty nhat dinh.

Ngoai ra viéc nhap c6 thé gilf lai cac danh sach con ban dau hoac khéng gitt lai cac
danh sach con ban dau. G day chung ta trinh bay theo cach khéng gitr lai cac danh
sach con ban dau va trinh bay theo hai trusng hgp:

+ Ghép néi dudi hai danh séch lai véi nhau;
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+ Tréon hai danh sach lai véi nhau theo cac dudng chay ty nhién thanh mét danh
sach cé chiéu dai 16n hon.

Gia s chuing ta can nhap hai danh sach SLList1, SLList2 lai v8i nhau.
- Thuat toan ghép danh sach SLList2 vao sau SLList1:

B1: IF (SLList1 = NULL)
B1.1: SLList1 = SLList2
B1.2: Thyc hién Bkt

B2: IF (SLList2 = NULL)
Thuc hién Bkt

// Lay dia chi nat cudi cung trong SLList1

B3: LastNode = SLList1

B4: IF (LastNode->NextNode = NULL)
Thuc hién B7

B5: LastNode = LastNode->NextNode

B6: Lap lai B4

// Ghép SLList2 vao sau LastNode

B7: LastNode->NextNode = SLList2
Bkt: Két thuc

- Thuat toan tron danh sach SLList2 va SLList]l thanh SLList theo cac dudng chay
ty nhién:

B1: IF (SLListl = NULL)
B1.1: SLList = SLList2
B1.2: Thuc hién Bkt

B2: IF (SLList2 = NULL)
B2.1: SLList = SLList1
B2.2: Thuc hién Bkt

// Ly nut c6 di liéu nhd hon trong 2 nut dau cua 2 danh sach dua vé SLList

B3: IF (SLList1->Key < SLList2->Key)
B3.1: TempNode = SLList1
B3.2: SLList1 = SLList1->NextNode
B4: ELSE
B4.1: TempNode = SLList2
B4.2: SLList2 = SLList2->NextNode
B5: TempNode->NextNode = NULL
B6: IF (SLList1 = NULL)
B6.1: TempNode->NextNode = SLList2
B6.2: Thuc hién Bkt
B7: IF (SLList2 = NULL)
B7.1: TempNode->NextNode = SLList1
B7.2: Thuc hién Bkt
B8: IF (SLList1->Key < SLList2->Key) AND (TempNode->Key < SLList1->Key)
B8.1: MinNode = SLList1
B8.2: SLList1 = SLList1->NextNode
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B9: ELSE

B9.1: MinNode = SLList2

B9.2: SLList2 = SLList2->NextNode
B10: TempNode->NextNode = MinNode
B11: MinNode->NextNode = NULL
B12: TempNode = MinNode
B13: Lap lai B6
Bkt: K&t thuac

- Cai dat:
Cac ham nhép danh sach cé prototype:

SLL_Type SLL_Concat (SLL_Type &SListl, SLL_Type &SList2);

SLL_Type SLL_Merge(SLL_Type &SListl, SLL_Type &SList2, SLL_Type &SList);

Ham thyc hién viéc nhéap céac nut trong hai danh sach SListl, SList2 thanh mét
danh sach theo th( ty nhu hai thuat toan vua trinh bay. Ham tra vé dia chi cua nut

dau cua danh sach sau khi ghép.
No6i dung cda cac ham nhu sau:

SLL_Type SLL_Concat (SLL_Type &SListl, SLL_Type &SList2)
{ if (SList1 == NULL)
{ SListl = SList2;
return (SList1);
}
if (SList2 == NULL)
return (SList1);
SLL_Type LastNode = SListl;
while (LastNode->NextNode != NULL)
LastNode = LastNode->NextNode;
LastNode->NextNode = SList2;
return (SList1);

SLL_Type SLL_Merge (SLL_Type &SListl, SLL_Type &SList2, SLL_Type &SList)

{ if (SList1 == NULL)
{ SList = SList2;
return (SList);

H
if (SList2 == NULL)
{ SList = SListl;
return (SList);

h
SLL_Type LastNode = NULL;

SLL_Type TempNode;
while (SList1 != NULL && SList2 != NULL)
{ if (SListl->Key <= SList2->Key)
{ TempNode = SList1;
SList1 = SList1->NextNode;
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TempNode->NextNode = NULL,
if (LastNode == NULL)
SList = LastNode = TempNode;
else
{ LastNode->NextNode = TempNode,;
LastNode = TempNode;
§
if (SList1 == NULL)
break;
if (SList1->Key < LastNode->Key)
while (SList2 != NULL)
{ LastNode->Next = SList2;
LastNode = LastNode->NextNode;
SList2 = SList2->NextNode;
LastNode->NextNode = NULL;

if (SList2 == NULL Il SList2->Key < LastNode->Key)
break;

}

else
{ TempNode = SList2;
SList2 = SList2->NextNode;
TempNode->NextNode = NULL,
if (LastNode == NULL)
SList = LastNode = TempNode;
else
{ LastNode->NextNode = TempNode,;
LastNode = TempNode;
H
if (SList2 == NULL)
break;
if (SList2->Key < LastNode->Key)
while (SList1 != NULL)
{ LastNode->Next = SList1;
LastNode = LastNode->NextNode;
SList1 = SList1->NextNode;
LastNode->NextNode = NULL;

if (SList1 == NULL Il SList1->Key < LastNode->Key)
break;

§

§
if (SList1 == NULL)

LastNode->NextNode = SList2;
else

LastNode->NextNode = SList1;
return (SList);

§

Trang: 109



Gido tnint: Chu Tnic Dic Licw va Gide Thadt
k. Sdp xép thit tu cdc phan ti trong danh sdch:

Thao tac nay chung ta cé thé van dung cac thuat toan sap x&p da trinh bay trong
Chuong 3 dé sap xép di liéu trong danh sach lién két don. O day chung ta chi trinh
bay sy van dung thuat toan trén tu nhién dé sép xép.

Ciing can luu y rang déi véi thao tac hoan vi hai phan ti thi ching ta c6 thé hoan vi
hoan toan hai nat hoac chi hoan vi phan di liéu. Tuy nhién viéc hoan vi hoan toan
hai nat sé phuc tap hon.

- Thuat toan sap xé&p trén tu nhién:

B1: IF (SLL_Split(SLList, TempList) = NULL)
Thuc hién Bkt

B2: SLL_Merge(SLList, TempList, SLList)
B3: Lap lai B1
Bkt: K&t thuac

- Cai dat:
Ham SLL_Natural_Merge_Sort c6 prototype:
void SLL_Natural_Merge_Sort (SLL_Type &SList);

Ham thyc hién viéc sdp x€p thanh phan di liéu cua céac nuat trong danh sach SList
theo thu ty tang dua trén thuat toan tron ty nhién vua trinh bay.

N6i dung ciia ham nhu sau:

void SLL_Natural_Merge_Sort (SLL_Type &SList)
{ SLL_Type TempList = NULL, List = NULL;
while (SLL_Split(SList, TempList) != NULL)
{ SLL_Merge(SList, TempList, List);
SList = List;
H

return ;

}
h. Sao chép mot danh sdch:

Thuc chéat thao tac nay la ching ta tao méi danh sach NewList bdng cach duyét qua
cac nut cia SLList dé 1ay thanh phan di liéu rdi tao thanh mét nat méi va bé sung
nut mdéi nay vao cudi danh sach NewList.

- Thuat toan:

B1: NewList = NULL
B2: CurNode = SLList
B3: IF (CurNode = NULL)
Thuc hién Bkt
B4: SLL_Add_Last(NewList, CurNode->Key)
B5: CurNode = CurNode->NextNode
B6: Lap lai B3
Bkt: K&t thac

- Cai dat thuat toan:
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Ham SLL_Copy c6 prototype:
SLL_Type SLL_Copy (SLL_Type SList, SLL_Type &NewList);

Ham thyc hién viéc sao chép néi dung danh sach SList thanh danh sach NewList
c6 cung nodi dung thanh phan di liéu theo th ty cda cac nuat trong SList. Ham tra
vé dia chi nut dau trong danh sach mdi néu viéc sao chép thanh céng, ngugc lai
ham tra vé con tré NULL.

No6i dung cda ham nhu sau:
SLL_Type SLL_Copy (SLL_Type SList, SLL_Type &NewList)
{ NewList = NULL;
SLL_Type CurNode = SList;
while (CurNode != NULL)
{ SLL_Type NewNode = SLL_Add_Last(NewList, CurNode->Key);
if (NewNode == NULL)
{ SLL_Delelte(NewList);
break;

}
CurNode = CurNode->NextNode;

}

return (NewList);

!
4.4.3. Danh sdch 1ién két kép (Doubly Linked List)

A. C&u trac di ligu:

Néu nhu vung lién két cda danh sach lién két don c6 01 mdi lién két véi 01 phan t&
khac trong danh sach thi vung lién két trong danh séach lién déi c6 02 mai lién két
v6i 02 phan t khac trong danh sach, cdu trac di lieu cia mdi nut trong danh sach
lién két doi nhu sau:

typedef struct DLL_Node
{ T Key;
InfoType Info;
DLL_Node * NextNode; // Ving lién két quan ly dia chi phan t& k€ ti€p né
DLL_Node * PreNode; // Ving lién két quan ly dia chi phan t& truéc né
} DLL_OneNode;

3 day chung ta cing gia thiét réng ving di lieu cia méi phan ti trong danh sach
lién két doéi chi bao gém mét thanh phan khéa nhan dién (Key) cho phan t& d6. Do
vay, cau trac di liéu trén c6 thé viét lai don giadn nhu sau:
typedef struct DLL_Node
{ T Key;
DLL_Node * NextNode; // Ving lién két quan ly dia chi phan t& ké ti€p né
DLL_Node * PreNode; // Ving lién két quan ly dia chi phan t& truéc né
} DLL_OneNode;
typedef DLL_OneNode * DLL_Type;

Cé nhiéu phuong phap khac nhau dé quan ly cac danh sach lién két doéi va tuong
ing véi cac phuong phap nay sé cé cac cau trac di liéu khac nhau, cu thé:
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- Quan ly dia chi phan ti¥ dau danh séch:

Cach nay hoan toan tuong tu nhu déi véi danh sach lién két don.

DLL_Type DLL_Listl;

Hinh anh minh hoa:

DLL_List1 NALL
) e 4 q » ' o>
lel|15 p 10 < 20 e 18 < 40 < 30
NALL
- Quén ly dia chi phén tif dau va cudi danh séch:
typedef struct DLL_PairNode
{ DLL_Type DLL_First;
DLL_Type DLL_Last;
} DLLP_Type;
DLLP_Type DLL_List2;
Hinh anh minh hoa:
DLL_List2
® DLL First|DLL Last @
L NALL
’ > O o
le|15 10 —le| 20 lo| 18 ol 40  lo|30
NALL

- Quén ly dia chi phén ti¥ dau, dia chi phan tF cudi va s6 phén tf trong danh séch:

typedef struct DLL_PairNNode
{ DLL_Type DLL_First;
DLL_Type DLL_Last;
unsigned NumDNode;
} DLLPN_Type;

DLLPN_Type DLL_List3;

Hinh anh minh hoa:

DLL_List3
®DLL First|NumNode=6| DLL_Last®
L NJLL
@ » [ ' @ @ @ o —
e |15 —le| 10 lg| 20 lo| 18 lo| 40 le|30
NJLL

B. Cac thao tac trén danh sach lién két déi:
Cang nhu trong phan danh sach lién két don, cac thao tac tuong Ung véi mdi cach
quan ly khac nhau cda danh sach lién két doi c6 sy khac nhau vé mat chi ti€t song
néi dung cd ban it ¢ sy khac nhau. Do vay, & day chung ta chi trinh bay cac thao
tac theo cach quan ly th( hai (quan ly cac dia chi cda hai nat dau va cudi danh sach
liéen két doi), cac thao tac nay trén cac cach quan ly khac sinh vién ty van dung dé

diéu chinh cho thich hgp.
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a. Khoi tao danh sdch (Initialize):

Trong thao tac nay chi don gian la chang ta cho gia tri cdc con tré quan ly dia chi
hai nat dau va cudi danh sach lién két doéi vé con tré NULL. Ham khdi tao danh sach
lién két doi nhu sau:

DLLP_Type DLL_Initialize(DLLP_Type &DList)
{ DList.DLL_First = NULL;
DList.DLL_Last = NULL;
return (DList);
}

Hinh anh minh hoa:
DList

NULL «—— eDLL_First | DLL_Last e&+— NULL

b. Tao mdi mot phdn it / niit:
Gia s’ ching ta can tao m&i moét phan tr c¢6 thanh phan di liéu la NewData.
- Thuat toan:

B1: DNode = new DLL_OneNode
B2: IF (DNode = NULL)

Thuc hién Bkt
B3: DNode->NextNode = NULL
B4: DNode->PreNode = NULL
B5: DNode->Key = NewData
Bkt: Két thuc

- Cai dat thuat toan:
Ham DLL_Create_Node cé prototype: DLL_Type DLL_Create_Node(T NewData);

Ham tao méi mot nut cé thanh phan di liéu la NewData, ham tra vé con tré tré
t6i dia chi cia nat méi tao. Néu khéng di bé nhé dé tao, ham trd vé con trd
NJLL.

DLL_Type DLL_Create_Node(T NewData)
{ DLL_Type Pnode = new DLL_OneNode;
if (Pnode != NULL)
{ Pnode->NextNode = NULL;
Pnode->PreNode = NULL;
Pnode->Key = NewData;

}

return (Pnode);

}

- Minh hoa thuat toan:

Gia sU chung ta can tao nut cé thanh phan du liéu la 20: NewData = 20
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Pnode = new DLL_OneNode
Pnode —

[
«le
Pnode->NextNode = NULL
Pnode->PreNode = NULL
Pnode->Key = NewData
Pnode o—)| o NULL

«—fe| 20

NULL
c. Thém mot phdn ti vao trong danh sdch:

Gia s ching ta can thém moét phan t c6 gia tri thanh phan di liéu la NewData vao
trong danh sach. Viéc thém cé thé dién ra & dau, cudi hay & gitta danh sach lién két.
Do vay, & day chung ta trinh bay 3 thao tac thém riéng biét nhau:

- Thuat toan thém phéan ti vao dau danh sach lién két dai:

B1: NewNode = DLL_Create_Node (NewData)
B2: IF (NewNode = NULL)
Thuc hién Bkt
B3: IF (DLL_List.DLL_First = NULL) // Danh sach réng
B3.1: DLL_List.DLL_First = NewNode
B3.2: DLL_List.DLL_Last = NewNode
B3.3: Thuc hién Bkt
B4: NewNode->NextNode = DLL_List.DLL_First // N6i DLL_First vao
B5: DLL_List.DLL_First->PreNode = NewNode // sau NewNode

// Chuyén vai tro ding dau ciia NewNode cho DLL_First

B6: DLL_List.DLL_First = NewNode
Bkt: Két thuc

- Minh hoa thuat toan:

Gia su chung ta can thém nuat c¢6 thanh phan da liéu la 27: NewData = 27

NewNoge—| ol NULL
e |27
NJLL
DLL List
® DLL_First|DLL Last ®
L NJLL
[ q @ [ @ o—
e 16 el 20 <.18 <.40 ‘.30
NJLL

NewNode->NextNode = DLL_List.DLL_First:
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NewNode ¢—)) o]
o |27
NALL
DLL_List
® DLL_First [DLL_Last ®
NALL
e | 16 [T le| 20 |*1 e | 18 [*1 1| 40 |*T1el30 [*1.
NJLL
DLL_List.DLL_First->PreNode = NewNode:
NewNode ¢—) °
«—le|27
NULL 7
DLL_List
® DLL_First [DLL_Last ®
NALL
e | 16 o 20 [T 01| 18 |*le| 20 |*1 G 30 [*]
DLL_List.DLL_First = NewNode:
NewNode |—>
e |27
NULL 7
DLL_List
® DLL_First|DLL_Last ®
NALL
ol 16 [*11e| 20 [*1 6] 18 [*T 16| 20 |®T 14|30 |*T
Két qua sau khi chén:
DLL List
® DLL First|DLL Last ®
L NALL
Tlel27 |*1le] 16 %1 le| 20 [*1 e | 18 [*1le| 40 [*1le|30 [*[
NALL
- Thuat toan thém phén t& vao cudi danh sach lién két doéi:
B1: NewNode = DLL_Create_Node (NewData)
B2: IF (NewNode = NULL)
Thuc hién Bkt
B3: IF (DLL_List.DLL_First = NULL) // Danh sach réng
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B3.1: DLL_List.DLL_First = NewNode

B3.2: DLL_List.DLL_Last = NewNode

B3.3: Thuc hién Bkt
B4: DLL_List.DLL_Last->NextNode = NewNode // N6i NewNode vao
B5: NewNode->PreNode = DLL_List.DLL_Last //sau DLL_Last

// Chuyén vai trd ding cudi cia NewNode cho DLL_Last

B6: DLL_List.DLL_Last = NewNode
Bkt: K&t thac

- Minh hoa thuat toan:

Gia sU chung ta can thém nuat c¢é thanh phan di liéu la 25: NewData = 25

NewNode dLL
o » o
lel 25
NULL
DLL_List
® DLL _First|DLL_Last ®
L NULL
& *—
Je (16 |11 | 20 ol 18 [*1 1| 40 [* 14| 30
NULL
DLL_List.DLL_Last->NextNode = NewNode:
NewNode NJLL
g 44444444444 » .__’
e 25
{ NULL
DLL List
® DLL_First| DLL_Last ®
— @ [ g » o
o [16 [T17] | 20 [*]le| 18 |*[Le| 40 |*[ e 30 |°], |
NULL
NewNode->PreNode = DLL_List.DLL_Last
NewNode NJLL
- ........... > .__’
25
DLL List
L ® DLL_First| DLL_Last ®
[ S [ 4 » o
Je |16 |T1 ] | 20 " 0| 18 |*] le] 40 |1 L] 30
NULL
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DLL_List.DLL_Last = NewNode:
NewNode dLL
5 ol
DLL_List
® DLL_First|DLL_Last ®
16 | || | 20| [ lg| 18 | [ _lg| 40 | | 30l%
NJLL
Két qua sau khi chén:
DLL_List
® DLL First|DLL Last ®
L NULL
° ° ° ° ° o
«lel|16 —le| 20| | lg| 18 ol 40 el 30  lo| 25 )
NJLL

- Thuat toan thém phén ti vao gilta danh sach lién két doéi:

Gia sU chung ta can thém mét phan ti cé gia tri thanh phan di lieu l1a NewData
vao trong danh sach DLL_List vao ngay sau nut c6 dia chi InsNode. Trong thuc té€
nhiéu khi ching ta phai thyc hién thao tac tim ki€ém dé xéac dinh dia chi InsNode, &
day gia s chung ta da xac dinh dugc dia chi nay.

B1: IF (InsNode->NextNode = NULL) // Thém vao cudi DSLK

B1.1: DLL_Add_Last (DLL_List, NewData)
B1.2: Thuc hién Bkt

B2: NewNode = DLL_Create_Node (NewData)
B3: IF (NewNode = NULL)
Thuc hién Bkt

// N6i cac nut ké sau InsNode vao sau NewNode

B4: NewNode->NextNode = InsNode->NextNode
B5: InsNode->NextNode->PreNode = NewNode

// Chuyén méi lién két gitra InsNode véi nit ké clia né vé NewNode

B6: InsNode->NextNode = NewNode
B7: NewNode->PreNode = InsNode
Bkt: Két thac

- Minh hoa thuat toan:

Gia s chuing ta can thém nut c6 thanh phan da liéu 1a 25 vao sau nat cé dia chi
InsNode nhu sau: NewData = 25
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DLL_List
® DLL_First| DLL_Last ®
L InsNode\ NALL
L4 14 .__’
o |16 Pl 20 " 18 < 40 30
NJLL
NewNode NJLL
*—)
25 o
‘_
NJLL
NewNode->NextNode = InsNode->NextNode:
DLL List
® DLL_First| DLL_Last ®
L InsNode.\ NJLL
o " o
Jde |16 [T | 20 ol 18 [*1 14| 40 |® 30
NJLL
NewNode
o—>|
25 |®
4_
NJLL
InsNode->NextNode->PreNode = NewNode:
DLL_List
® DLL_First| DLL_Last ®
L Ins {uch NJLL
o > > o
Jde (16 [T | 20| % Le| 18 |*[>] o 40 |*® 30
NJLL
NewNode
*—)
e ° |
NJLL
InsNode->NextNode = NewNode:
DLL_List
® DLL_First| DLL_Last ®
L Ins {udc‘\‘ NJLL
o o> >
Jde |16 [T | 20 o 187 lg| 40 |° 30
NJLL
NewNode
25 | ®|,
P <
NJLL

NewNode->PreNode = InsNode
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DLL_List
® DLL_First| DLL_Last ®
L Ins {udc\ NJLL
L4 .__’
o |16 Pl 20 " 18 T ol 40 ” 30
NJLL ‘
NewNode -
| |25 |®
l® <
Két qua sau khi chén:
DLL_List
® DLL First|DLL Last ®
L NULL
® ° ® ® o o
«le|16 —leo| 20| | lg]| 18 ‘.25 ‘.40 ‘.30
NJLL

- Cai dat thuat toan:
Cac ham thém phan ti tuong ng vé8i cac trudng hgp cé prototype nhu sau:
DLL_Type DLL_Add_First(DLLP_Type &DList, T NewData);
DLL_Type DLL_Add_Last(DLLP_Type &DList, T NewData);
DLL_Type DLL_Add_Mid(DLLP_Type &DList, T NewData, DLL_Type &InsNode);

Ham thyc hién viéc chén phan t c¢6 gia tri thanh phan dir liéu NewData vao trong
danh sach lién két doi quan ly bdi hai con tré dau va cudi danh sach trong DList
tuong Ung véi 3 trudng hgp: Thém dau, thém cudi, thém gitta. Cac ham tra vé gia
tri la moét dia chi cdia nat vita mdi thém néu viéc thém thanh céng. Trong trudng
hgp ngugc lai, cac ham tra vé con tré NULL.

Riéng déi vdi trudng hgp thém gitta, ham DLL_Add_Mid thyc hién viéc thém vao
ngay sau nut cé6 dia chi InsNode. Noi dung cuia cac ham nhu sau:

DLL_Type DLL_Add_First(DLLP_Type &DList, T NewData)
{ DLL_Type NewNode = DLL_Create_Node(NewData);
if (NewNode == NULL)
return (NULL);
if (DList.DLL_First == NULL)
DList.DLL_First = DList.DLL_Last = NewNode;
else
{ NewNode->NextNode = DList.DLL_First;
DList.DLL_First->PreNode = NewNode;
DList.DLL_First = NewNode;
§

return (NewNode);

DLL_Type DLL_Add_Last(DLLP_Type &DList, T NewData)
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{

}

DLL_Type NewNode = DLL_Create_Node(NewData);
if (NewNode == NULL)
return (NULL);
if (DList.DLL_Last == NULL)
DList.DLL_First = DList.DLL_Last = NewNode;
else
{ DList.DLL_Last->NextNode = NewNode;
NewNode->PreNode = DList.DLL_Last;
DList.DLL_Last = NewNode;
§

return (NewNode);

_Type DLL_Add_Mid(DLLP_Type &DList, T NewData, DLL_Type &InsNode)

DLL_Type NewNode = DLL_Create_Node(NewData);
if (NewNode == NULL)
return (NULL);
if (InsNode->NextNode == NULL)
{ InsNode->NextNode = NewNode;
NewNode->PreNode = InsNode;
DList.DLL_Last = NewNode;
§

else
{ NewNode->NextNode = InsNode->NextNode;
InsNode->NextNode->PreNode = NewNode;
InsNode->NextNode = NewNode;
NewNode->PreNode = InsNode;
}

return (NewNode);

d. Duyét qua cdc niit trong danh sdch:

Thao tac nay nhdm nhiéu muc dich, & day don gidn ching ta chi duyét dé xem noi
dung thanh phan di liéu trong danh sach. Thuat toan nay hoan toan tuong ty nhu
trong danh séach lién két don.

- Thuat

toan:

B1: CurNode = DLL_List.First
B2: IF (CurNode = NULL)

Thuc hién Bkt

B3: OutputData(CurNode->Key)  // Xuat gia tri thanh phan di liéu trong 1 nut
B4: CurNode = CurNode->NextNode

B5: Lap lai B2

Bkt: K&t thuc

- Cai dat thuat toan:

Ham

DLL_Travelling cé prototype:
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void DLL_Travelling(DLLP_Type DList);

Ham duyét qua cac nut trong danh sach lién két doi quan ly bdi hai dia chi nut
dau tién va nut cudi cung théng qua DList dé xem néi dung thanh phan di liéu
cla moi nut.

No6i dung cda ham nhu sau:

void DLL_Travelling (DLLP_Type DList)
{ DLL_Type CurNode = DList.DLL_First;
while (CurNode != NULL)
{ OutputData(CurNode->Key);
CurNode = CurNode->NextNode;
}

return;

& Luu y:
Ham OutputData thyc hién viéc xuat néi dung cia mét bién cé kiéu di lieu T. Tuy
vao tung trudng hdp cu thé ma chuing ta viét ham OutputData cho phu hgp.

e. Tim kiém mot phdn tit trong danh sdch:

Gia s chung ta can tim ki€ém xem trong danh sach lién két do6i c6 ton tai nut cé
thanh phan di liéu la SearchData hay khéng. Thao tac nay chung ta van dung thuat
toan tim tuyén tinh dé tim kié€m.

- Thuat toan:

B1: CurNode = DLL_List.DLL_First

B2: IF (CurNode = NULL OR CurNode->Key = SearchData)
Thuc hién Bkt

B3: CurNode = CurNode->NextNode

B4: Lap lai B2

Bkt: K&t thac

- Cai dat thuat toan:

Ham DLL_Searching cé prototype:
DLL_Type DLL_Searching(DLLP_Type DList, T SearchData);

Ham thyc hién viéc tim ki€ém nat c¢6 thanh phan da liéu la SearchData trén danh
sach lién két déi quan ly bdi hai dia chi nat dau tién va nat cudi cung théng qua
DList. Ham tra vé dia chi cda nat dau tién trong danh sach dugc tim thdy, ngugc
lai ham tra vé con tré NULL.

No6i dung cda ham nhu sau:

DLL_Type DLL_Searching(DLLP_Type DList, T SearchData)
{ DLL_Type CurNode = DList.DLL_First;
while (CurNode != NULL)
{ if (CurNode->Key == SearchData)
break;
CurNode = CurNode->NextNode;
}
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return (CurNode);

}
f. Loai bé b6t mét phdn ti ra khéi danh sdch:

Gia sU chung ta can loai bé phan ti c¢é gia tri thanh phan du liéu la DelData trong
danh sach lién két doi, D€ thuc hién diéu nay truéc tién ching ta phai thyc hién thao
tac tim ki€m dia chi cda nat cé thanh phan di liéu la DelData, sau d6 méi thyc hién
thao tac loai bd néu tim thay.

- Thuat toan:

// Tim ki€m nut c6 Key la DelData trong danh sach
B1: DelNode = DLL_Searching(DLL_List, DelData)
B2: IF (DelNode = NULL)

Thuc hién Bkt

// Loai bd nut tai dia chi DelNode ra khéi danh sach
B3: IF (DelNode->PreNode = NULL AND DelNode->NextNode = NULL)
B3.1: DLL_List.DLL_First = DLL_List.DLL_Last = NULL
B3.2: Thyc hién B8
B4: IF (DelNode->PreNode = NULL) // Loai bd nuat dau tién trong danh sach
B4.1: DLL_List.DLL_First = DLL_List.DLL_First->NextNode
B4.2: DLL_List.DLL_First->PreNode = NULL
B4.3: Thyc hién B8
B5: IF (DelNode->NextNode = NULL) // Loai bo nut cudi cung trong danh séach
B5.1: DLL_List.DLL_Last = DLL_List.DLL_Last->PreNode
B5.2: DLL_List.DLL_Last->NextNode = NULL
B5.3: Thyc hién B8

// Lién két cac nét trude va sau DelNode véi nhau
B6: DelNode->PreNode->NextNode = DelNode->NextNode
B7: DelNode->NextNode->PreNode = DelNode->PreNode

//Bb mdi lién két gitta DelNode véi hai nat truéc va sau né, va huy DelNode
B8: DelNode->NextNode = DelNode->PreNode = NULL

B9: delete DelNode

Bkt: K&t thac

- Cai dat thuat toan:
Ham DLL_Delete_Node c6 prototype:
int DLL_Delete_Node (DLLP_Type &DList, T DelData);
Ham thyc hién viéc xéa phan t&f ¢6 thanh phan di liéu la DelData trong danh sach
lien két doéi quan ly bdi hai con tré dau va cudi ghi nhan trong DList. Ham tra vé
gia tri 1 néu viéc x6a thanh céng va ngudgc lai, ham tra vé gia tri -1. Noi dung cuia
ham nhu sau:
int DLL_Delete_Node (DLLP_Type &DList, T DelData)
{ DLL_Type DelNode = DLL_Searching(DList, DelData);

if (DelNode == NULL)
return (-1);
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if (DelNode->NextNode == NULL && DelNode->PreNode == NULL)
DList.DLL_First = DList. DLL_Last = NULL;
else
if (DelNode->PreNode == NULL)
{ DList.DLL_First = DList.DLL_First->NextNode;
DList.DLL_First->PreNode = NULL;
}

else
if (DelNode->NextNode == NULL)
{ DList.DLL_Last = DList.DLL_Last->PreNode;
DList.DLL_Last->NextNode = NULL;
H
else
{ DelNode->PreNode->NextNode = DelNode->NextNode;
DelNode->NextNode->PreNode = DelNode->PreNode;

!
DelNode->NextNode = DelNode->PreNode = NULL;

delete DelNode;
return (1);

}

- Minh hoa thuat toan:
+ Hay nat dau: DelData = 16

DLL_List
® DLL First|DLL Last @
L /.DelNode NULL
@ M ° ° ° |
«lel|16 —leo| 20| | lg| 18 lo| 25 le| 40 le|30
NJLL
DLL_List.DLL_First = DLL_List.DLL_First->NextNode
DLL_List
® DLL First|DLL Last ®
Dgl{\l‘ode 3 NULL
16 |*T el 20 |®T7le] 18 |®T 1ol 25 |®"1a] 40 |* "1 ]30 |
«—1e 1@ «|-® e «—e «—r®
NJLL
DLL_List.DLL_First->PreNode = NULL
DLL_List
® DLL First|DLL Last ®
Dgl\llode | NULL
16 |* 20 [® 18 |® 25 |® 40 |® 30 [T
«—te N “«—® «—1® o «—l®
NJLL NJLL

DelNode->NextNode = DelNode->PreNode = NULL;
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DLL_List
® DLL_First|DLL Last ®
Dgl{\l‘ode NUL} NULL
16 |® 20 o] 18 "ol 25 .| 40 " |30 |*”
e ) < < < ¢ <
NJULL NULL
K&t qua sau khi huy:
DLL_List
® DLL_First|DLL Last ®
v NULL
ld ld Ld L4 .__’
«lo | 20 p 18 ” 25 ” 40 M 30
NULL
+ Hay nuat cudi: DelData = 30
DLL_List
® DLL_First|DLL Last ®
L DelNode NULL
°® ® ® ® ° |
«le|16 —leo| 20 lo| 18 < '25 < '40 ‘ 30 ’
NJULL
DLL_List.DLL_Last = DLL_List.DLL_Last->PreNode
DLL_List
® DLL_First|DLL_Last @
L elNode NULL
o ® ® e o o
«le|16 —le| 20 —leo| 18 :'25 :'40 :'30
NJULL
DLL_List.DLL_Last->NextNode = NULL
DLL_List
® DLL_First|DLL_Last e NJLL
L / elNode NJULL
o e e °® ® |
«le|16 —le| 20 leo| 18 "25 "40 :'30
NJULL
DelNode->NextNode = DelNode->PreNode = NULL
DLL_List
® DLL_First|{DLL_Last e NJLL
L / elNode NJULL
*—> ol e ol ® |
«le|16 —leo| 20 —leo| 18 ” '25 ” '40 30
NJULL NJLL

Két qua sau khi huy:
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DLL_List
® DLL_First|DLL_Last @
L NJLL
q q > q *—
le 16 p 20 ” 18 ‘ 25 ‘ 40
NJLL
+ Hay nut gitra: Gia st ching ta can huy nat c¢6 thanh phan di liéu la 18 (DelData = 18)
DLL_List
® DLL First|DLL Last ®
L DelNod NULL
® ° ° ° e o
«lel|16 —leo| 20| llg| 18 <.25 ‘.40 ‘.30
NJLL
DelNode->PreNode->NextNode = DelNode->NextNode
DLL_List
® DLL First|DLL Last ®
L NULL
> o > > > ol
«le 16 p 20 e 18 25 40 P 30
NULL elNode
DelNode->NextNode->PreNode = DelNode->PreNode
DLL_List
® DLL_First|DLL Last ®
L NULL
o o o3 o o o
«le|16 —le| 20 —leo| 18 25 :'40 :'30 e
NULL DelNode ¢
DelNode->NextNode = DelNode->PreNode = NULL
DLL_List
® DLL_First{DLL_Last ®
NULL N(ILL}‘ l NULL
. o N 4 ° ° ruiN
16 —le| 20 \.18 25 "40 :'30 )
NULL DelNodeg” )
Két qua sau khi huy:
DLL_List
® DLL_First{DLL_Last ®
L NULL
o ® S ® el o
«leol|16 —leo| 20 o 25 :'40 :'30 p
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g. Huy toan bj danh sdch:
3 day, chung ta thuc hién nhiéu lan thao tac hiy moét nut.
- Thuat toan:

B1l: IF (DLL_List.DLL_First = NULL)
Thuc hién Bkt
B2: TempNode = DLL_List.DLL_First
B3: DLL_List.DLL_First = DLL_List.DLL_First->NextNode
B4: IF (DLL_List.DLL_First = NULL)
B4.1: DLL_List.DLL_Last = NULL
B4.2: Thyc hién B7
B5: DLL_List.DLL_First->PreNode = NULL
B6: TempNode->NextNode = NULL
B7: delete TempNode
B8: Lap lai B1
Bkt: Két thuc

- Cai dat thuat toan:
Ham DLL_Delete c6 prototype:
void DLL_Delete (DLLP_Type &DList);
Ham thuc hién viéc hdy toan bé danh sach lién két doi DList.
No6i dung cda ham nhu sau:

void DLL_Delete (DLLP_Type &DList)
{ DLL_Type TempNode = DList.DLL_First;
while (TempNode != NULL)

{ DList.DLL_First = DList.DLL_First->NextNode;
TempNode->NextNode = NULL,;
if (DList.DLL_First != NULL)

DList.DLL_First->PreNode = NULL;

delete TempNode;
TempNode = DList.DLL_First;

H

return ;

& Luu y:
Chung ta ciing cé thé van dung ham DLL_Delete_Node dé thuc hién thao tac nay,
lic dé ham DLL_Delete c6 thé viét lai nhu sau:

void DLL_Delete (DLLP_Type &DList)
{ DLL_Type TempNode = DList.DLL_First;
while (TempNode != NULL)
{ DLL_Delete_Node(DList, TempNode->Key);
TempNode = DList.DLL_First;
}

return ;

}
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h. Tao mdéi danh sach/ Nhdp danh sdch:

Clng tuong tu nhu trong danh sach lién két don trong thao tac nay, ching ta lién tuc
thuc hién thao tadc thém moét phan t vao danh sach ma ban dau danh sach nay la
mét danh sach réng (Gém hai con tréd NULL). Chung ta ciing c¢6 thé st dung moét
trong ba ham thém phan t& dé thém phan t, & day st dung ham SLL_Add_Last.

Gia s chung ta can tao danh séach lién két doi c6 N phan tu.

- Thuat toan:

B1:
B2:
B3:

B4:
B5:
B6:
B7:

DLL _Initialize(DLL_List)

i=1
IF (i > N)
Thuc hién Bkt
NewData = InputNewData() // Nhap gia tri cho bién NewData
DLL_Add_Last(DLL_List, NewData)
i++
Lap lai B3

Bkt: Két thac

- Cai dat thuat toan:

Ham DLL_Create c6 prototype:

DLLP_Type DLL_Create (DLLP_Type &DList, int N);

Ham tao danh sach lién két déi c6 N nut quan ly bdi hai dia chi nat dau tién va
nat cudi cung théng qua DList. Ham tra vé gia tri ghi nhan hai dia chi cda nat dau
tién va nat cudi cung trong danh sach néu viéc tao thanh céng, ngugc lai ham tra
vé danh sach réng (ca hai dia chi déu la gia tri NULL).

No6i dung ciia ham nhu sau:

DLLP_Type DLL_Create(DLLP_Type &DList, int N)

& Luu y:

{ DLL_Initialize(DList);

T NewData;
for (inti=0;i<N;i++)
{ NewData = InputNewData();
if (DLL_Add_Last(DList, NewData) == NULL)
{ DLL_Delete(DList);
break;
H

}
return (DList);

Ham InputNewData thyc hién nhap vao néi dung cia mét bién cé kiéu di lieu T
va tra vé gia tri méi nhap vao. Tuy vao tung trudng hdp cu thé ma chuing ta viét
ham InputNewData cho phu hgp.
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i. Tach mot danh sdch thanh nhiéu danh sdch:

Gia sU chung ta can thyc hién viéc tach cac nut trong danh sach lién két doi
DLL_List thanh hai danh sach lién két déi con DLL_Listl va DLL_List2 luan phién
theo cac dudng chay ty nhién va can giit lai danh sach lién két ban dau.

- Thuat toan:

B1: DLL_Initialize(DLL_List1)
B2: DLL _Initialize(DLL_List2)
B3: CurNode = DLL_List.DLL_First

// Cét cac nut t 1 dudng chay ty nhién vé DLL_List1
B4: IF (CurNode = NULL)
Thuc hién Bkt
B5: DLL_Add_Last(DLL_List1, CurNode->Key)
B6: CurNode = CurNode->NextNode
B7: IF (CurNode = NULL)
Thuc hién Bkt
B8: IF (CurNode->PreNode->Key > CurNode->Key)
Thuc hién B10
B9: Lap lai B4

// Cét cac nut tr 1 dudng chay ty nhién vé DLL_List2
B10: IF (CurNode = NULL)
Thuc hién Bkt
B11: DLL_Add_Last(DLL_List2, CurNode->Key)
B12: CurNode = CurNode->NextNode
B13: IF (CurNode = NULL)
Thuc hién Bkt
B14: IF (CurNode->PreNode->Key > CurNode->Key)
Thuyc hién B4
B15: Lap lai B10
Bkt: Két thuc

- Cai dat thuat toan:
Ham DLL_Split cé prototype:
void DLL_Split(DLLP_Type &DList, DLLP_Type &DList1, DLLP_Type &DList2);

Ham thyc hién viéc phan phéi cac dudng chay ty nhién trong DList thanh vé hai
danh sach mdéi DList1 va DList2 (Danh sach ci DList van dugc gitt nguyén).

N6i dung ciia ham nhu sau:

void DLL_Split(DLLP_Type &DList, DLLP_Type &DListl, DLLP_Type &DList2)
{ DLL_Initialize(DList1);
DLL_Initialize(DList2);
DLL_Type CurNode = DList.DLL_First;
while (CurNode != NULL)
{ do {if (DLL_Add_Last(DList1, CurNode->Key) == NULL)
{ DLL_Delete (DList1);
DLL_Delete (DList2);
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break;

h
CurNode = CurNode->NextNode;

if (CurNode == NULL)
break;
if (CurNode->Key < CurNode->PreNode->Key)
break;
}
while (1);
if (CurNode == NULL)
break;
do { if (DLL_Add_Last(DList2, CurNode->Key) == NULL)
{ DLL_Delete (DList1);
DLL_Delete (DList2);
break;

!
CurNode = CurNode->NextNode;

if (CurNode == NULL)
break;
if (CurNode->Key < CurNode->PreNode->Key)
break;
}
while (1);
}

return ;

H
j. Nhdp nhiéu danh sdch thanh mét danh sdch:
Chuing ta thyc hién thao tac nay trong hai trudng hgp:
+ Ghép néi dudi cac danh sach lai véi nhau;

+ Tréon xen lan cac phan ti trong cac danh sach vao thanh mét danh sach theo
mot trat tu nhat dinh

va sau khi nhap xong van gitr lai cac danh sach ban dau.

Gia sU chung ta can nhap hai danh sach DLL_List1 va DLL_List2 lai v8i nhau thanh
moé6t danh sach DLL_List.

- Thuéat toan ghép ndi hai danh sach thanh mdt danh sach méi:
B1: DLL_Initialize (DLL_List)
// Bua DLL_List1 vao dau DLL_List

B2: CurNode = DLL_List1.DLL_First

B3: IF (CurNode = NULL)
Thuc hién B7

B4: IF (DLL_Add_Last(DLL_List, CurNode->Key) = NULL)
B4.1: DLL_Delete (DLL_List)
B4.2: Thyc hién Bkt

B5: CurNode = CurNode->NextNode
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B6: Lap lai B3
// Bua DLL_List2 vao sau DLL_List

B7: CurNode = DLL_List2.DLL_First

B8: IF (CurNode = NULL)
Thuc hién Bkt

BO: IF (DLL_Add_Last(DLL_List, CurNode->Key) = NULL)
B4.1: DLL_Delete (DLL_List)
B4.2: Thuc hién Bkt

B10: CurNode = CurNode->NextNode

B11: Lap lai B8

Bkt: K&t thac

- Thuat toan trén 2 danh sach thanh 1 danh sach méi theo cac dudng chay tu nhién:

B1: CurNodel = DLL_List1.DLL_First

B2: CurNode2 = DLL_List2.DLL_First

B3: IF (CurNodel = NULL OR CurNode2 = NULL)
Thuc hién B6

B4: IF (CurNodel->Key < CurNode2->Key)
B4.1: If (DLL_Add_Last (DLL_List, CurNodel->Key) = NULL)
B4.1.1: DLL_Delete(DLL_List)
B4.1.2: Thyc hién Bkt
B4.2: CurNodel = CurNodel->NextNode
B4.3: If (CurNodel = NULL)
Thuc hién B10
B4.4: If (CurNodel->PreNode->Key > CurNodel->Key)
B4.4.1: if (DLL_Add_Last (DLL_List, CurNode2->Key) = NULL)
B4.4.1.1: DLL_Delete(DLL_List)
B4.4.1.2: Thyc hién Bkt
B4.4.2: CurNode2 = CurNode2->NextNode
B4.4.3: if (CurNode2 = NULL)
Thuc hién B6
B4.4.4: if (CurNode2->PreNode->Key > CurNode2->Key)
Thuc hién B3
B4.4.5: Lap lai B4.4.1
B4.5: Lap lai B4

B5: ELSE
B5.1: If (DLL_Add_Last (DLL_List, CurNode2->Key) = NULL)
B5.1.1: DLL_Delete(DLL_List)
B5.1.2: Thuc hién Bkt
B5.2: CurNode2 = CurNode2->NextNode
B5.3: If (CurNode2 = NULL)
Thuc hién B6
B5.4: If (CurNode2->PreNode->Key > CurNode2->Key)
B5.4.1: if (DLL_Add_Last (DLL_List, CurNodel->Key) = NULL)
B5.4.1.1: DLL_Delete(DLL_List)
B5.4.1.2: Thuc hién Bkt
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B5.4.2: CurNodel = CurNodel->NextNode
B5.4.3: if (CurNodel = NULL)
Thuc hién B10
B5.4.4: if (CurNodel->PreNode->Key > CurNodel->Key)
Thuc hién B3
B5.4.5: Lap lai B5.4.1
B5.5: Lap lai B4

// Bua phan con lai trong DLL_List1 vé DLL_List

B6: IF (CurNodel = NULL)
Thuc hién Bkt

B7: IF (DLL_Add_Last(DLL_List, CurNodel->Key) = NULL)
B7.1: DLL_Delete (DLL_List)
B7.2: Thuc hién Bkt

B8: CurNodel = CurNodel->NextNode

B9: Lap lai B6

// Bua phan con lai trong DLL_List2 vé DLL_List

B10: IF (CurNode2 = NULL)
Thuc hién Bkt

B11: IF (DLL_Add_Last(DLL_List, CurNode2->Key) = NULL)
B11.1: DLL_Delete (DLL_List)
B11.2: Thyc hién Bkt

B12: CurNode2 = CurNode2->NextNode

B13: Lap lai B10

Bkt: K&t thuc

- Cai dat:
Cac ham nhép danh sach cé prototype:

DLLP_Type DLL_Concat (DLLP_Type &DListl, DLLP_Type &DList2,
DLLP_Type &DList);

DLLP_Type DLL_Merge (DLLP_Type &DListl, DLLP_Type &DList2,
DLLP_Type &DList);

Ham thyc hién viéc nhép céc nut trong hai danh sach DListl, DList2 thanh mét
danh séach theo hai trudng hgp da trinh bay trong hai thuat toan trén day. Ham tra
vé gia tri cia danh sach sau khi ghép.

N6i dung cda cac ham nhu sau:

DLLP_Type DLL_Concat (DLLP_Type &DListl, DLLP_Type &DList2,
DLLP_Type &DList)
{ DLL_Initialize (DList);
DLL_Type CurNode = DList1.DLL_First;
while (CurNode != NULL)
{ if (DLL_Add_Last (DList, CurNode->Key) == NULL)
{ DLL_Delete(DList);
return (DList);
}
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CurNode = CurNode->NextNode;

§
CurNode = DList2.DLL_First;

while (CurNode != NULL)
{ if (DLL_Add_Last (DList, CurNode->Key) == NULL)
{ DLL_Delete(DList);
return (DList);

}
CurNode = CurNode->NextNode;

H
return (DList);

DLLP_Type DLL_Merge (DLLP_Type &DListl, DLLP_Type &DList2,
DLLP_Type &DList)
{ DLL_Type CurNodel = DList1.DLL_First;
DLL_Type CurNode2 = DList2.DLL_First;
while (CurNodel != NULL && CurNode2 != NULL)
{ if (CurNodel->Key <= CurNode2->Key)
{ if (DLL_Add_Last (DList, CurNodel->Key) == NULL)
{ DLL_Delete (DList);
return (DList);

}
CurNodel = CurNodel->NextNode;

if (CurNodel == NULL)
break;
if (CurNodel->PreNode->Key > CurNodel->Key)
do { if (DLL_Add_Last (DList, CurNode2->Key) == NULL)
{ DLL_Delete (DList);
return (DList);

}
CurNode2 = CurNode2->NextNode;

}
while (CurNode?2 != NULL &&

CurNode2->PreNode->Key <= CurNode2->Key);
}

else
{ if (DLL_Add_Last (DList, CurNode2->Key) == NULL)
{ DLL_Delete (DList);
return (DList);

}
CurNode?2 = CurNode2->NextNode;

if (CurNode2 == NULL)
break;
if (CurNode2->PreNode->Key > CurNode2->Key)
do { if (DLL_Add_Last (DList, CurNodel->Key) == NULL)
{ DLL_Delete (DList);
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return (DList);

}
CurNodel = CurNode1l->NextNode;

H
while (CurNodel != NULL &&

CurNodel->PreNode->Key <= CurNodel->Key);
}

}
while (CurNodel != NULL)

{ if (DLL_Add_Last (DList, CurNodel->Key) == NULL)
{ DLL_Delete (DList);
break;

!
CurNodel = CurNodel->NextNode;

}
while (CurNode2 != NULL)

{ if (DLL_Add_Last (DList, CurNode2->Key) == NULL)
{ DLL_Delete (DList);
break;

!
CurNode?2 = CurNode2->NextNode;

}
return (DList);

}
k. Sdp xép thit tu thanh phédn dit liéu cdc niit trong danh sdch:

Thao tac nay rat thuan tién trong viéc ap dung thuat toan sap x&€p tréon dé sap xép,
sinh vién cé thé ty thyc hién. O day, ching ta van dung thuat toan sdp xép néi bot
dé sép x€p di lieu.

- Thuat toan sap xé&p van dung thuat toan ndi bot:

B1: Inode = DLL_List.DLL_First
B2: IF (Inode = NULL)
Thuc hién Bkt
B3: IF (Inode = DLL_List.DLL_Last)
Thuc hién Bkt
B4: Jnode = DLL_List.DLL_Last
B5: IF (Jnode = Inode)
Thuc hién B7
B6: ELSE
B6.1: If (Jnode->Key < Jnode->PreNode->Key)
Swap (Jnode->Key, Jnode->PreNode->Key)
B6.2: Jnode = Jnode->PreNode
B6.3: Lap lai B5
B7: Inode = Inode->NextNode
B8: Lap lai B3
Bkt: Két thac

- Cai dat thuat toan:
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Ham DLL_Bubble_Sort c6 prototype:
void DLL_Bubble_Sort (DLLP_Type &DList);

Ham thuc hién viéc sdp x€p thanh phan di liéu clia cac nuat trong danh sach lién
két doi DList theo th( ty tdng dua trén thuat toan sap xé€p néi bot.

No6i dung ciia ham nhu sau:

void DLL_Bubble_Sort (DLLP_Type &DList)
{ DLL_Type Inode = DList.DLL_First;
if (Inode == NULL)
return;
while (Inode != DList.DLL_Last)
{ DLL_Type Jnode = DList.DLL_Last;
while (Jnode != Inode)
{ if (Jnode->Key < Jnode->PreNode->Key)
Swap (Jnode->Key, Jnode->PreNode->Key);
Jnode = Jnode->PreNode;
}

Inode = Inode->NextNode;

}

return ;

H
l. Sao chép mot danh sdach thanh mot danh sach méi:
Thao tac nay hoan toan tuong tu nhu trong danh sach lién két don.
- Thuat toan:

B1: DLL_Initialize(NewList)
B2: CurNode = DLL_List.DLL_First
B3: IF (CurNode = NULL)
Thuc hién Bkt
B4: DLL_Add_Last(NewList, CurNode->Key)
B5: CurNode = CurNode->NextNode
B6: Lap lai B3
Bkt: K&t thuc

- Cai dat thuat toan:
Ham DLL_Copy c6 prototype:
DLLP_Type DLL_Copy (DLLP_Type &DList, DLLP_Type &NewList);

Ham thyc hién viéc sao chép néi dung danh sach DList thanh danh sach NewList
c6 cung noi dung thanh phan di liéu theo th( ty cua cac nut trén DList. Ham tra
vé gia tri cia danh sach mdi néu viéc sao chép thanh céng, ngugc lai ham tra vé
gia tri khdi tao ctia danh sach.

No6i dung cda ham nhu sau:

DLLP_Type DLL_Copy (DLLP_Type &DList, DLLP_Type &NewList)
{ DLL_Initialize(NewList);
DLL_Type CurNode = DList.DLL_First;
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while (CurNode != NULL)
{ if (DLL_Add_Last (NewList, CurNode->Key) == NULL)
{ DLL_Detete (NewList);
break;

!
CurNode = CurNode->NextNode;

}

return (NewList);

}

4.4.4. Uu nhuoc diém cia danh sdch 1ién két
Do cac phan t (nat) dugc luu trir khéng lién ti€p nhau trong bé nhd, do vay danh
sach lién két c6 cac uu nhugc diém sau day:
- Mat do s’ dung bo nhé cia danh sach lién két khéng téi uu tuyét déi (<100%);

- Viéc truy xudt va tim ki€m cac phan t& ctia danh sach lién két mat nhiéu thdi gian
bdi luén luén phai duyét tuan ty qua cac phan t trong danh sach;

- Tan dung dugc nhitng khéng gian bé nhé nhd dé luu tri¥ ting nuat, tuy nhién bé nhé
Iuu trir théng tin méi nut lai té6n nhiéu hon do con phai luu thém théng tin vé ving
lién két. Nhu vay néu vung dir liéu cda maoi nat la 16n hon thi ty 1& mic tiéu tén bo
nhé nay la khéng dang ké, ngugc lai thi né lai gay lang phi bé nhé.

- Viéc thém, bt cac phéan tl trong danh sach, tach nhap cac danh sach kha dé dang
do chung ta chi can thay déi méi lién két gilta cac phan t véi nhau.

4.5. Danh sach han ché

Trong céc thao tac trén danh sach khéng phai lic nao ciing cé thé thyc hién dugc
tat cad ma nhiéu khi cac thao tac nay bi han ché trong mot sé loai danh sach, dé la
danh sach han ché.

Nhu vay, danh sach han ché la danh saéch ma céac thao tac trén dé bi han ché trong
moét chiing myc nao dé tuy thudc vao danh sach. Trong phan nay ching ta xem xét
hai loai danh sach han ché cha yéu dé la:

- Hang dgi (Queue);
- Ngéan xép (Stack).

4.5.1. Hang doi (Queue)

A. Khai niém - Cau tric di lidu:
Hang dgi la mot danh sach ma trong dé thao tac thém mot phan ti vao trong danh

sach dugc thuc hién & mét dau nay va thao tac ldy ra mot phan ti tu trong danh
sach lai dugc thuc hién & dau kia.

Nhu vay, cac phan ti dugc dua vao trong hang dgi truéc sé dugc lay ra trudc, phan
tir dua vao trong hang dgi sau sé dugc lay ra sau. Do d6 ma hang dgi con dugc goi
la danh sach vao truéc ra truéc (FIFO List) va cau truc di liéu nay con duge goi la
cau truc FIFO (First In - First Out).

Cé nhiéu cach dé biéu dién va té chic cac hang dgi:
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- S dung danh séach dac,
- S dung danh sach lién két,

Tuy nhién, diéu quan trong va céan thiét la ching ta phai quan ly vi tri hai dau cta
hang dgi théng qua hai bién: Bién trudc (Front) va Bién sau (Rear). Hai bién nay cé
thé cung chiéu hodc ngugc chiéu véi tht ty cac phan ti trong mang va trong danh
sach lién két. Diéu nay cé nghia la dau hang dgi cé thé la dau méng, dau danh sach
liéen két ma ciing c6 thé la cudi mang, cudi danh sach lién két. DE thuan tién, & day
chung ta gid s dau hang dgi ciing la dau mang, dau danh sach lién két. Trudng hgp
ngudc lai, sinh vién ty ap dung tuong tu.

3 day chung ta sé biéu dién va t8 chiic hang dgi béing danh sach dac va bang danh
sach lién két don dugc quan ly bdi hai con tré dau va cudi danh sach. Do vay céu
trac da liéu cia hang dgi cing nhu céac thao tac trén hang dgi sé dudc trinh bay
thanh hai trudng hgp khac nhau.

- Biéu dién va té chiic biang danh sach dac:

typedef struct Q_C
{ int Len; //Chiéu dai hang dgi
int Front, Rear;
T * List;// N6i dung hang dgi
} C_QUEUE;

C_QUEUE CQ@_List;

Hinh anh minh hoa:

CQ_Lis Front Rear
T 15 (10 20| 18| 40| 35| 30
Len = 14

- Biéu dién va té chic bing danh sach lién két don;

typedef struct Q_Element
{ T Key;
Q_Element * Next; // Vung lién két quan ly dia chi phan t ké ti€p
} Q_OneElement;

typedef Q_OneElement * Q_Type;

typedef struct QP_Element
{ Q_Type Front;
Q_Type Rear;
} S_QUEUE;

S_QUEUE S@_List;
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Hinh &nh minh hoa:

SQ_List
Front Rear NJLL
o—> 15 (@ 10 |® 20| ® 18 |® 40 |® 35 |® 30 |

B. Cac thao tac trén hang dgi td chitc bing danh sach dic:

Do han ché cta danh sach ddc cho nén méi hang dgi déu c6 mét chiéu dai c¢6 dinh.
Do vay, trong qué trinh thao tac trén hang dgi cé thé xay ra hién tugng hang dgi bi
day hoac hang dgi bj tran.

- Khi hang dgi bi day: s6 phan tf cia hang dgi bang chiéu dai cho phép cta hang
dgi. Luc nay chung ta khéng thé thém bat ky mét phan tf nao vao hang dgi.

- Khi hang dgi bi tran: sé phan t& cia hang dgi nhé hon chiéu dai cho phép cua
hang dgi nhung Rear = Len. Luc nay chung ta phai khdc phuc tinh trang tran
hang dgi bang céach dich tat ca cac phan t& cua hang dgi ra phia truéc Front-1
vi tri hodc xoay vong dé Rear chuyén lén vi tri dau danh sach dac. Trong phan
nay chang ta st dung phuong phéap xoay vong. Nhu vay theo phuong phéap nay,
hang dgi bi day trong cac trudng hgp sau:

+ Front = 1 va Rear = Len, khi: Front < Rear
+ Rear + 1 = Front, khi: Rear < Front
= Ghi chi:
Néu chung ta khdc phuc hang dgi bj tran bang phuong phép dich tat ca cac phan t&
cla hang dgi ra phia truéc Front-1 vi tri thi hang dgi bi day khi thda méan diéu kién:
Front = 1 va Rear = Len (G day ta ludén luén co: Front < Rear).
a. Khdi tao hang doi (Initialize):

Trong thao tac nay chung ta thuc hién viéc xac dinh kich thuéc hang dgi, cdp phat
b6 nhé dé luu trd phan di lieu cho hang dgi, dong thdi cho gia tri cac thanh phan
Front, Rear vé gia tri O (trong C chung ta khdi tao vé gia tri -1).

- Thuat toan:

B1: CQ_List.Len = Length
B2: CQ_List.List = new T[Length]
B3: IF (CQ_List.List = NULL)

Thuc hién Bkt
B4: CQ_List.Front = CQ_List.Rear = 0
Bkt: K&t thuc

- Cai dat thuat toan:
Ham CQ_Initialize cé prototype:

T * CQ_Initialize (C_QUEUE &QList, int Length);
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Ham thuc hién viéc khdi tao gia tri ban dau cho hang dgi quéan ly bdi QList cé
kich thuéc Length. Ham tra vé con tré tré téi dia chi dau khéi di liéu cuia hang
dgi néu viéc khdi tao thanh céng, ngugc lai ham tra vé con tré NULL.

No6i dung cia ham nhu sau:

T * CQ_Initialize (C_QUEUE &QList, int Length)
{ QList.Len = Length;
QList.List = new T[Length];
if (QList.List == NULL)
return (NULL);
QList.Front = QList.Rear = -1;
return (QList.List);
H

b. Thém (Pua) mét phdn tit vao hang doi (Add):

Trong hang dgi chung ta luén luén dua phan t& méi vao cudi hang dgi, ngay sau vi
tri Rear (néu hang dgi chua bi day). Gid si ching ta can dua phan t& cé gia tri
NewData vao trong hang dgi:

- Thuat toan:

// B1+B2: Néu hang dgi bi day

B1l: IF (CQ_List.Front = 1 AND CQ_List.Rear = CQ_List.Len)
Thuc hién Bkt

B2: IF (CQ_List.Rear+1 = CQ_List.Front)
Thuc hién Bkt

B3: IF (CQ_List.Front = 0) // Néu hang dgi rong
CQ_List.Front = 1

B4: IF (CQ_List.Rear = CQ_List.Len) //N€u hang bi tran
CQ_List.Rear = 1

B5: ELSE
CQ_List.Rear++

B6: CQ_List.ListfCQ_List.Rear] = NewData

Bkt: K&t thuc

- Cai dat thuat toan:

Ham CQ_Add c6 prototype:
int CQ_Add (C_QUEUE &QList, T NewData);
Ham thuc hién viéc thém phan t c6 néi dung NewData vao trong hang dgi quan
ly bdi QList. Ham trd vé vi tri cua phan t0 vita méi thém néu viéc thém thanh
cong, ngugc lai khi hang dgi bi day ham tra vé gia tri -1.
N6i dung cia ham nhu sau:
int CQ_Add (C_QUEUE &QList, T NewData)

{ if (QList.Front == 0 && QList.Rear == QList.Len-1)

return (-1);

if (QList.Rear+1 == QList.Front)
return (-1);
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if (QList.Front == -1)

QList.Front = O;
if (QList.Rear == QList.Len)

QList.Rear = O;
else

QList.Rear += 1;
QList.List[QList.Rear] = NewData;
return (QList.Rear);

H

c. Ldy ndi dung mét phdn it trong hang dgi ra dé xit Iy (Get):

Trong hang dgi chung ta luén luén 14y néi dung phan t& 8 ngay dau hang dgi, tai vi
tri Front (n€u hang dgi khéng réng). Gia su ta can lay di liéu ra bién Data:

- Thuat toan:

// Néu hang dgi bi réng

B1: IF (CQ_List.Front = 0)
Thuc hién Bkt

B2: Data = CQ_List.List[CQ_List.Front]

B3: IF (CQ_List.Rear = CQ_List.Front) // Hang dgi chi c6 1 phan tu
B3.1: CQ_List.Rear = CQ_List.Front = 0
B3.2: Thuc hién Bkt

B4: IF (CQ_List.Front = CQ_List.Len)
CQ_List.Front = 1

B5: ELSE
CQ_List.Front++

Bkt: Két thuc

- Cai dat thuat toan:
Ham CQ_Get c6 prototype:
int CQ_Get (C_QUEUE &QList, T &Data);

Ham thuyc hién viéc 1dy ndi dung phan t dau hang dgi quan ly bdi QList va ghi
nhan vao Data néu ldy dugc. Ham tra vé gia tri 1 néu viéc lay thanh céng, ngugc
lai khi hang dgi bi réng ham tra vé gia tri -1.

No6i dung cda ham nhu sau:

int CQ_Get (C_QUEUE &QList, T &Data)
{ if (QList.Front == -1)
return (-1);
Data = QList.List[QList.Front];
if (QList.Front == QList.Rear)
{ QList.Front = QList.Rear = -1;
return (1);

}
if (QList.Front == QList.Len-1)

QList.Front = O;
else
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QList.Front += 1;
return (1);

}
d. Huy hang doi:

Trong thao tac nay chung ta thuc hién viéc hiy bé nhé da cdp phat cho hang dgi.
Ham CQ_Delete c6 néi dung nhu sau:

void CQ_Delete (C_QUEUE &QList)
{ delete QList.List;
return;

}
C. Cac thao tac trén hang dgi té chitc bang danh lién két don:

Khac véi hang dgi bi€u dién bing danh sach dac, 8 day hang dgi chi bi day khi hét
bé nhd va khéng bao gid bi tran.

a. Khaoi tao hang doi (Initialize):

Tuong tu nhu trong danh sach lién két don, trong thao tac nay chang ta chi don
gian thyc hién viéc gan cac con tré Front va Rear vé con tré6 NULL. Ham
SQ_Initialize c6 néi dung nhu sau:

S_QUEUE SQ@Q_Initialize (S_QUEUE &QList)
{ QList.Front = QList.Rear = NULL;
return (QList);
h

b. Thém (Pua) mét phdn tit vao hang doi (Add):

3 day chung ta them mét phan ti vao sau Rear (Thém vao cudi danh sach lien két).
Gia s’ chung ta can dua phan t cé gia tri di liéu la NewData vao trong hang dgi:

- Thuat toan:

B1l: NewElement = SLL_Create_Node(NewData)

B2: IF (NewElement = NULL)
Thuc hién Bkt

B3: IF (SQ_List.Front = NULL) // Néu hang dgi bi rong
B3.1: SQ_List.Front = SQ_List.Rear = NewElement
B3.2: Thuc hién Bkt

B4: SQ_List.Rear->Next = NewElement

B5: SQ_List.Rear = NewElement

Bkt: K&t thac

- Cai dat thuat toan:
Ham SQ_Add c6 prototype:
Q_Type SQ_Add (S_QUEUE &QList, T NewData);

Ham thuc hién viéc thém phan ti c6 néi dung NewData vao trong hang dgi quan
ly bdi QList. Ham tra vé dia chi cda phan t0 vita m&i thém néu viéc thém thanh
céng, ngudc lai ham tra vé con tré NULL.
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No6i dung cda ham nhu sau:

Q_Type SQ_Add (S_QUEUE &QList, T NewData)
{ Q_Type NewElement = SLL_Create_Node(NewData);
if (NewElement == NULL)
return (NULL);
if (QList.Front == NULL)
QList.Front = QList.Rear = NewElement;
else
{ QList.Rear->Next = NewElement;
QList.Rear = NewElement;
§

return (NewElement);

}
c. Ldy ndi dung mot phdn it trong hang dgi ra dé xit Iy (Get):

3 day ching ta 14y noi dung thanh phan di liéu cda phan tir & dia chi Front ra bién
Data va tién hanh hdy luén phan t& nay.

- Thuat toan:

// Néu hang dgi bi réng

B1: IF (SQ_List.Front = NULL)
Thuc hién Bkt

B2: TempElement = SQ_List.Front

B3: SQ_List.Front = SQ_List.Front->Next

B4: TempElement->Next = NULL

B5: Data = TempElement->Key

B6: IF (SQ_List.Front = NULL) // Hang dgi chi c6 1 phan tu
SQ_List.Rear = NULL

B7: delete TempElement

Bkt: K&t thuc

- Cai dat thuat toan:
Ham SQ_Get c6 prototype:
int SQ_Get (S_QUEUE &QList, T &Data);

Ham thyc hién viéc 14y néi dung thanh phan d liéu cua phan t& dau hang dgi
quan ly bdi QList va ghi nhan vao Data néu ldy dugc. Ham trd vé gia tri 1 néu
viéc 1dy thanh céng, ngugc lai khi hang dgi bi réng ham tra vé gia tri -1.

No6i dung cda ham nhu sau:

int SQ_Get (S_QUEUE &QList, T &Data)
{ if (QList.Front == NULL)
return (-1);
Q_Type TempElement = QList.Front;
QList.Front = QList.Front->Next;
TempElement->Next = NULL;
Data = TempElement->Key;
if (QList.Front == NULL)
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QList.Rear = NULL;

delete TempElement;
return (1);

}
d. Huy hang doi:

Trong thao tac nay chung ta thuc hién viéc huy toan bé cac phan t trong hang dgi.
Ham SQ_Delete ¢6 néi dung nhu sau:

void SQ_Delete (S_QUEUE &QList)
{ QList.Rear = NULL;
while (QList.Front |= NULL)

{ Q_Type TempElement = QList.Front;
QList.Front = QList.Front->Next;
TempElement->Next = NULL;
delete TempElement;

}

return;
!
4.5.2. Ngan xép (Stack)

A. Khai niém - Cau trac dif liu:
Ngén x€p la moét danh sach ma trong dé thao tac thém mot phan tr vao trong danh
va thao tac ldy ra mot phan t ti trong danh sach dugc thyc hién & cung mét dau.

Nhu vay, cac phan t& dugc dua vao trong ngan x€p sau cung sé dugc ldy ra trudc
tién, phan t dua vao trong hang dgi truéc tién sé dugc ldy ra sau cung. Do dé ma
ngan x€p con dugc goi la danh sach vao sau ra truéc (LIFO List) va cau trac du liéu
nay con dugc goi la cau trac LIFO (Last In - First Out).

Tuong ty nhu hang dgi, c6 nhiéu cach dé biéu dién va t6 chiic cac ngan xép:
- S dung danh séach dac,
- St dung danh sach lién két,

Do & day ca hai thao tac thém vao va lay ra déu dudc thyc hién & mot dau nén
chung ta chi can quan ly vi tri dau ctia danh sach dung lam mét cho ngén x€p théng
qua bi€n chi s& bé méat SP (Stack Pointer). Chi s6 nay c6 thé la cuing chiéu (dau)
hodc ngugc chiéu (cudi) véi thi ty cac phan ti trong mang va trong danh sach lién
két. Diéu nay c6 nghia la bé mat ngan x&p c6 thé 1a dau mang, dau danh sach lién
két ma cling c6 thé la cudi mang, cudi danh sach lién két. D& thuan tién, & day
chung ta gid si bé méat clia ngén x€p la dau mang, dau danh sach lién két. Trudng
hgp ngudc lai, sinh vién ty ap dung tuong tu.

3 day ching ta ciing sé bi€u dién va té chic hang dgi bing danh sach déc va béng
danh séach lién két don dugc quan ly bdi con trdé dau danh sach. Do vay c&u trac da
liéu clia ngan x€p va cac thao tac trén dé sé dudc trinh bay thanh hai trudng hgp
khac nhau.

- Biéu dién va t6 chiic bdng danh sach dac:
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typedef struct S_C
{ int Size; //Kich thuéc ngan xép
int SP;
T * List;// Noi dung ngan xép
v C_STACK;
C_STACK CS_List;

Hinh anh minh hoa:

=

T 5 30 10| 39| 35|26 | 25 | 40

A

Size =14
- Biéu dién va t6 chiic bdng danh sach lién két don;

typedef struct S_Element
{ T Key;
S_Element * Next; // Vung lién két quan ly dia chi phan t ké tiép
} S_OneElement;

typedef S_OneElement * S_STACK;
S_STACK S_SP;

Hinh &anh minh hoa:

S_SP NULL
18 |® 40 |® 35 |®7* 30 |*

v

e—> 15 & 10 [ 20| ®

B. Cac thao tac trén ngén xép td chiic bang danh sach dic:

Do han ché cta danh sach ddc cho nén mdi ngan xép sé cé moét kich thude ¢é dinh.
Do vay, trong qué trinh thao tac trén ngan x&p cé thé xay ra hién tugng ngan xép bi
day. Ngan x€p bi day khi s6 phan ti cia ngan x&p béang kich thuéc cho phép cua
ngan xép (SP = 1). Luc nay chung ta khéng thé thém bat ky mét phan ti nao vao
trong ngan xép.

a. Khéi tao ngdan xép (Initialize):
Trong thao tac nay chung ta thuc hién viéc xac dinh kich thudc ngan x€p, cdp phat
b6 nhé dé luu tri phan di liéu cho ngan xép va cho gia tri thanh phan SP vé gia tri
Size+1.
- Thuat toan:

B1: CS_List.Size = MaxSize
B2: CS_List.List = new T[MaxSize]
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B3: IF (CS_List.List = NULL)
Thuc hién Bkt
B4: CS_List.SP = CS_List.Size + 1
Bkt: Két thuc

- Cai dat thuat toan:
Ham CS_Initialize c6 prototype:
T * CS_Initialize (C_STACK &SList, int MaxSize);

Ham thyc hién viéc khdi tao gia tri ban dau cho ngan xép quan ly bdi SList c6
kich thuéc MaxSize. Ham tra vé con tré tré téi dia chi dau khéi di liéu cia ngén
x€p néu viéc khdi tao thanh céng, ngugc lai ham tra vé con tré NULL.

N6i dung cia ham nhu sau:

T * CS_Initialize (C_STACK &SList, int MaxSize)
{ SList.Size = MaxSize;
SList.List = new T[MaxSize];
if (SList.List == NULL)
return (NULL);
SList.SP = SList.Size;
return (SList.List);
§

b. Thém (Pdy) mét phdn tit vao ngdn xép (Push):
Trong ngén x€p chung ta luén luén dua phan td mdi vao trén cung cua ngén xé&p,

ngay trudc vi tri SP (néu ngan x€p chua bi day). Gia s chung ta can dua phan td cé
gia tri NewData vao trong ngan xép:
- Thuat toan:
B1: IF (CS_List.SP = 1) // Néu ngan x€p bi day
Thuc hién Bkt
B2: CS_List.SP--

B3: CS_List.List[CS_List.SP] = NewData
Bkt: Két thuc

- Cai dat thuat toan:
Ham CS_Push cé prototype:
int CS_Push (C_STACK &SList, T NewData);
Ham thuc hién viéc ddy thém phan ti cé noi dung NewData vao trong ngan xép

quan ly bdi SList. Ham tra vé vi tri cia phan t&r vira méi thém néu viéc thém thanh
céng, ngugc lai khi ngén x€p bi day ham tra vé gia tri -1.

No6i dung cda ham nhu sau:

int CS_Push (C_STACK &SList, T NewData)
{ if (SList.SP == 0)
return (-1);
SList.SP -= 1;
SList.List[SList.SP] = NewData;
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return (SList.SP);
H

c. Ldy noi dung mot phdn tit trong ngdan xép ra dé xit Iy (Pop):

3 day chung ta ciing luén luén 14y noéi dung phan t& & ngay bé mat ngan xép, tai vi
tri SP (n€u ngén x€p khoéng réng). Gia su ta can ldy di liéu ra bién Data:

- Thuat toan:

// Néu ngan x€p bi réng

B1: IF (CS_List.SP = CS_List.Size+1)
Thuc hién Bkt

B2: Data = CS_List.List[CS_List.SP]

B3: CS_List.SP++

Bkt: K&t thuc

- Cai dat thuat toan:
Ham CS_Pop cé prototype:
int CS_Pop (C_STACK &SList, T &Data);
Ham thyc hién viéc 148y néi dung phan t & trén bé mat ngén x€p quan ly bdi SList
va ghi nhan vao Data néu ldy dugc. Ham trd vé gia tri 1 néu viéc lay thanh céng,
ngugc lai khi ngan xé€p bi réng ham tra vé gia tri -1.
N6i dung cia ham nhu sau:

int CS_Pop (C_STACK &SList, T &Data)
{ if (SList.SP == SList.Size)
return (-1);
Data = SList.List[SList.SP];
SList.SP += 1;
return (1);

}
d. Huy ngdn xép:
Trong thao tac nay chung ta thyc hién viéc huy bé nhé da cap phat cho ngéan xép.
Ham CS_Delete c6 ndi dung nhu sau:

void CS_Delete (C_STACK &SList)
{ delete SList.List;
return;

}
C. Cac thao tac trén ngan xép té chiic bing danh lién két don:
a. Khéi tao ngdn xép:
Ham SS_Initialize ¢6 ndi dung nhu sau:

S_STACK SS_Initialize (S_STACK &SList)
{ SList = NULL;
return (SList);
H
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b. Thém (Pdy) mét phdn tit vao ngdn xép (Push):

3 day chung ta thém mét phan ti vao trudc S_SP (Thém vao dau danh sach lién
két). Gid su chung ta can dua phan t& cé gia tri dir lieu la NewData vao trong ngan
xép:

- Thuat toan:

B1l: NewElement = SLL_Create_Node(NewData)

B2: IF (NewElement = NULL)
Thuc hién Bkt

B3: IF (S_SP = NULL) // Néu ngén x€p bi réng
B3.1: S_SP = NewElement
B3.2: Thuc hién Bkt

B4: NewElement->Next = S_SP

B5: S_SP = NewElement

Bkt: K&t thac

- Cai dat thuat toan:
Ham SS_Push c6 prototype:
S_STACK SS_Push (S_STACK &SList, T NewData);

Ham thyc hién viéc thém phan t c6 noi dung NewData vao trong ngén xé€p quan
ly bdi SList. Ham trd vé dia chi cua phan t vita méi thém néu viéc thém thanh
céng, ngugc lai ham tra vé con tré NULL.

N6i dung ciia ham nhu sau:

S_STACK SS_Push (S_STACK &SList, T NewData)
{ S_STACK NewElement = SLL_Create_Node(NewData);
if (NewElement == NULL)
return (NULL);
NewElement->Next = SList;
SList = NewElement;
return (NewElement);

}
c. Ldy ndi dung mét phan tit trong ngdn xép ra dé xit ly (Pop):

3 day chung ta 18y noi dung thanh phan di liéu cGa phan t& & dia chi S_SP ra bién
Data va ti€én hanh hdy luén phan t& nay.

- Thuat toan:

// Néu ngan xép bi réng
B1: IF (S_SP = NULL)
Thuc hién Bkt
B2: TempElement = S_SP
B3: S_SP = S_SP->Next
B4: TempElement->Next = NULL
B5: Data = TempElement->Key
B6: delete TempElement
Bkt: K&t thuc
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- Cai dat thuat toan:
Ham SS_Pop c6 prototype:
int SS_Pop (S_STACK &SList, T &Data);

Ham thyc hién viéc 1dy néi dung thanh phan di liéu ctia phan t& 8 bé mat ngan
x€p quan ly bdi SList va ghi nhan vao Data néu ldy dugc. Ham tré vé gia tri 1 néu
viéc 1dy thanh céng, ngudgc lai khi ngén x€p bi réng ham tra vé gia tri -1.

No6i dung cda ham nhu sau:

int SS_Pop (S_STACK &SList, T &Data)
{ if (SList == NULL)
return (-1);
S_STACK TempElement = SList;
SList = SList->Next;
TempElement->Next = NULL;
Data = TempElement->Key;
delete TempElement;
return (1);

}

d. Huy ngdn xép:

Trong thao tadc nay chung ta thuc hién viéc hay toan bé cac phan t trong ngan xép.
Ham SS_Delete c6 néi dung nhu sau:

void SS_Delete (S_STACK &SList)
{ while (SList != NULL)
{ S_STACK TempElement = SList;
SList = SList->Next;
TempElement->Next = NULL;
delete TempElement;

}

return;

}

4.5.3. Ung dung cia danh sdach han ché

Danh sach han ché dugc s dung trong nhiéu truéng hgp, vi du:
- Hang dgi thudng dugc st dung dé luu trit cac ludng di liéu can xd ly tuan tu;

- Ngan x€p thudng dugc xu ly trong cac luéng di liéu truy hoi, dac biét la trong viéc
khi dé quy cho céac thuat toan.

Céau hoi va Bai tap

1.

Trinh bay khai niém cla céac loai danh sach? Uu, nhugc diém va (ng dung ctia mdi
loai danh sach?

. Hay dua ra cac cau trac di liéu dé quan ly cac loai danh sach vira ké trén? Méi loai

ban hay chon ra mét céu truc di liéu ma theo ban la hay nhat? Giai thich sy luya
chon dé?
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3. Trinh bay thuat toan va cai dat tat ca cac thao tac trén danh sach lién két don trong
trudng hgp quan ly bang con tré dau va cudi trong danh sach?

4. Trinh bay thuat toan va cai dat tat ca cac thao tac trén danh sach lién két doi trong
trudng hgp chi quan ly bang con tré dau trong danh sach?

5. Trinh bay thuat toan va cai dat tat ca cac thao tac trén hang dgi, ngan xé&p biéu dién
bdi danh sach lién két doéi trong hai trudng hgp: Danh sach lién két cung chiéu va
ngugc chiéu véi hang dgi, ngan xép?

6. Van dung cac thuat toan sdp x€p da hoc, hay cai dat cac ham sap x€p trén danh
sach lién két don, lién két déi theo hai cach quan ly:

- Quan ly dia chi nat dau danh sach;
- Quan ly dia chi nat dau va cuéi danh sach.

Theo ban thuat toan sdp x€p nao dé van dung hon trén danh sach lién két don, lién
két doi trong hai trudng hgp nay?

7. Hay trinh bay thuéat toan va cai dat thao tac tach mot danh sach lién két (don/déi) cé
thanh phan du liéu la cac s6 nguyén thanh hai danh sach lién két cé thanh phan du
liéu tuong Ung la cac s6 chan va cac sé 1, sao cho t6i uu b6 nhé may tinh néu nhu
danh sach ban dau sau khi tach khéng con can thiét?

8. Hay trinh bay thuat toan va cai dat thao tac tron cac danh sach lién két (don/déi) co
th’ tu thanh mét danh sach lién két cé thi tu sao cho t6i uu bdé nhé may tinh néu
nhu cac danh sach sau khi tréon khéng con can thiét?

9. Van dung danh sach lién két déi, trinh bay thuat toan va cai dat cac thao tac tao
mdi, thém, b6t cdc muc trong mét menu thanh ngang, menu doc?

10. S dung Stack, viét chuong trinh nhap vao moét s6 nguyén, khéng am bat ky, sau
do xudt ra man hinh s6 ddo ngudgc thi tu cac chir s6 cda sé nhap vao.

Vi du: - Nhap vao mot sé nguyén: 10245
- S6 nguyén & dang dao ngugc: 54201

11. St dung Stack, viét chuong trinh chuyén déi mét s& nguyén N trong hé thap phan
(hé 10) sang biéu dién &:

a. Hé nhi phéan (hé 2)
b. Hé thap luc phan (hé 16)

12. Viét chuong trinh mé phdng cho bai todn “Thap Ha noi” va “Thap Saigon” vdi cac
cau trac du liéu nhu sau:

a. S dung danh sach lién két dé luu trir cac cot thap;
b. St dung Stack dé luu trir cac cot cla thap
Cé6 nhéan xét gi cho tung truéng hgp?
13. Van dung Stack dé gé dé quy cho thuat toan QuickSort?

14. Van dung danh sach lién két vong dé giai bai toan Josephus.
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Chuong 5: CAY (TREE)

5.1. Khai niém — Biéu dién cay

5.1.1. Pinh nghia céy

Cay la moét tap hgp cac phan tif (cac nat) dugce té chiic va cé cac dac diém sau:

- Ho&c la moét tap hgp réng (cay réng)

- Hoac la mot tap hgp khac réng trong dé6 c¢é moét nut duy nhat duge lam nat géc
(Root’s Node), cac nut con lai duge phan thanh cac nhém trong dé6 moéi nhom lai la

mot cdy goi la cay con (Sub-Tree).

Nhu vay, mét cay con cé thé la mot tap réng cac nut va ciing c6 thé la mot tap hop

khac réng trong dé ¢6 mét nat lam nat goéc cay con.

Vi du: Cay thu muc trén mét dia cing

(ON)

y

N

DOS

WINDOWS

N

N

PROGRAMS APPLICATIONS ATILITIES
PASCAL C WORD EXCEL|| NC| [Nd
BIN| [BGI| (BIN||INCLUDE| |BGI| | DOC| | PICTURE || SHEET]

5.1.2. M6t 86 kh&ai niém 1ién quan

a. Bac ciia mot niit:

Bac ciia mét nut (node’s degree) la sé cay con cua nat do

Vi du: Bac cda nuat OS trong cay trén bang 2

b. Bic cua mét caiy:

Bac clia moét cay (tree’s degree) la bac 16n nhat ciia cac nat trong cay.

Cay c6 bac N goi la cay N-phan (N-Tree)
Vi du: Bac cua cay trén bdng 4 (badng bac cua nat géc) va cay trén goi la cay ta
phéan (Quartz-Tree)
c. Niit goc:

Nut géc (root’s node) la nut khéng phai la nut géc cay con cia bat ky mét cay con
nao khéac trong cay (nat khéng lam nat géc cay con).
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Vi du: Nat \ cia cay trén la cac nat géc.
d. Niit két thiic:
Nut két thuc hay con goi la nut 14 (leaf’s node) 1a nat cé bac bang 0 (nut khéng cé
nut cay con).
Vi du: Cac nut DOS, WINDOWS, BIN, INCLUDE, BGI, DOC, PICTURE, SHEET, NC,
NU cuda cay trén la cac nat la.

e. Nit trung gian:

Nut trung gian hay con goi la nat gita (interior’s node) la nit khéng phai la nat géc

va cang khong phai la nat két thac (nat c6 bac khac khéong va la nat géc cay con

clia mot cay con nao do trong cay).

Vi du: Cac nat OS, PROGRAMS, APPLICATIONS, UTILITIES, PASCAL, C, WORD,
EXCEL cta céay trén la cac nuat trung gian.

Jf. Miic ciia mdt niit:

Muc cia moét nut (node’s level) bang muc cda nat géc cdy con chia né coéng thém
1, trong dé muc cda nat goéc bang 1.

Vi du: Mdc cada cac nat DOS, WINDOWS, PASCAL, C, WORD, EXCEL, NC, NU cuaa
cay trén bang 3; muc cua cac nat BIN, INCLUDE, BGI, DOC, PICTURE,
SHEET, cua cay trén bang 4.
g. Chiéu cao hay chiéu sdu ciia mjt cdy:

Chiéu cao ciia mét cay (tree’s height) hay chiéu sau cua moét cay (tree’s depth) la
muc cao nhat cla cac nuat trong cay.

Vi du: Chiéu cao cua cay trén bang 4.
h. Niit trudc va niit sau cia mot niit:

Nat T dudc goi la nat trudc (ancestor’s node) cua nut S néu cay con c6 géc la T

chira cay con cé géc la S. Khi dé, nat S dugce goi la nut sau (descendant’s node) cua

nut T.

Vi du: Nut PROGRAMS la nut trudc ctua cac nat BIN, BGI, INCLUDE, PASCAL, C va
ngudc lai cac nut BIN, BGI, INCLUDE, PASCAL, C la nat sau cua nut
PROGRAMS trong cay trén.

i. Niit cha va niit con ctia mt niit:

Nut B dugc goi la nat cha (parent’s node) cta nut C néu nat B la nat trudc cda nat C
va muc cta nat C 16n hon muic cda nat B la 1 mdc. Khi d6, nat C dugc goi la nat
con (child’s node) cua nuat B.

Vi du: Nut PROGRAMS la nat cha cta céc nat PASCAL, C va ngudc lai cac nut
PASCAL, C la nat con ctia nait PROGRAMS trong cay trén.

j. Chiéu dai duong di ciia mot niit:

Chiéu dai dudng di cia mét nat la sé dinh (s nat) tinh tir nat géc dé di dén nat dé.
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k.

Nhu vay, chiéu dai dudng di cia nat géc luén luén bang 1, chiéu dai dudng di téi
moét nut bang chiéu dai dudng di ti nat cha né céng thém 1.

Vi du: Chiéu dai dudng di t6i nut PROGRAMS trong cay trén la 2.

Chiéu dai duong di ciia mét cdy:

Chiéu dai dudng di cia moét cay (path’s length of the tree) la téng tat ca cac chiéu
dai dudng di cda tat ca cac nut trén cay.

Vi du: Chiéu dai dudng cua cay trén la 65.

Ghi chi: Pay la chiéu dai dudng di trong (internal path’s length) cia cay. Dé c6 dugc
chiéu dai dudng di ngoai (external path’s length) cia cay ngudi ta mé réng tat ca
cac nat cla cay sao cho tat cad cac nut cua cay cé cung bac bang cach thém vao
cac nut gid sao cho tat ca cac nut cé bac bang bac cia cay. Chiéu dai dudng di
ngoai clia cay béng téng chiéu dai cta tat ca cac nit md roéng.

l. Ritng:

Rung (forest) la tap hgp cac cay.

Nhu vay, mot cay khi mat nat géc sé tréd thanh mét ring.

5.1.3. Biéu dién cay

) « X ) Py o2 X ~
C6 nhiéu cach dé biéu dién cay:

- S dung d6 thi: Nhu vi du vé cay thu muc & trén.
- S dung gian do6 tap hgp
- S dung dang phan cép chi s6: Nhu bang muc luc trong céc tai liéu, gido trinh, ...

Bi€u dién cay trong b6 nhé may tinh:

D& biéu dién cay trong bé nhé may tinh ching ta cé thé sit dung danh sach lién két.
Nhu vay, dé biéu dién cay N-phan ching ta st dung danh sach c6 N méi lién két dé
quan ly dia chi N nat géc cay con. Nhu vay c&u trac di liéu cda cay N-phan tuong
tu nhu cdu truc da liéu ctia danh sach da lién két:

const int N = 100;

typedef struct NT_Node
{ T Key;
NT_Node * SubNode[N]; // Vung lién két quan ly dia chi N nat géc cay con
} NT_OneNode;

typedef NT_OneNode * NT_Type;
D& quan ly cac cay ching ta chi can quan ly dia chi nat géc cla cay:
NT_Type NTree;

Trong pham vi phan nay chung ta sé trinh bay cac thao tac trén cay nhi phan
(Binary Tree) la cay phé bién va théng dung nhat.
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5.2. Cay nhi phan (Binary Tree)
5.2.1. Ppinh nghia

Cay nhi phan la cay c6 bac bang 2 (bac ciia méi nut téi da bang 2).

Vi du: Cay nhi phan biéu dién biéu thic (2 x a) + [b : (c — 1) + d] nhu sau:

ExprTree

NJLL NJLL NJLL NJLL

NJLL

NJLL NJLL NJLL NJLL

5.2.2. Biéu dién va Cdc thao tdc

A. Biéu dién cay nhj phan:

Pé biéu dién cay nhi phan trong bé nhé may tinh ching ta cé thé st dung danh sach
c6 2 mdi lién két dé quan ly dia chi cia 2 nat géc cay con (cay con trai va cay con
phéai). Nhu vay céu trac da liéu cia cay nhi phan tuong ty nhu c&u trac do liéu cia
danh sach lién két déi nhung vé cach thuc lién két thi khac nhau:

typedef struct BinT_Node
{ T Key;
BinT_Node * BinT_Left; // Vung lién két quan ly dia chi nat géc cay con trai
BinT_Node * BinT_Right; // Ving lién két quén ly dia chi nat géc cay con phai
} BinT_OneNode;

typedef BinT_OneNode * BinT_Type;

D& quan ly cac cay nhi phan ching ta can quan ly dia chi nat géc cta cay:
BinT_Type BinTree;

B. Cac thao tac trén cay nhj phan:

a. Khoi tao cdy nhi phén:

Viéc khdi tao cay nhi phan chi don gian chung ta cho con tré quan ly dia chi nat géc vé
con tré NULL. Ham khdi tao cay nhi phan nhu sau:
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BinT_Type BinT_Initialize (BinT_Type &BTree)
{ BTree = NULL,
return (BTree);

}

b. Tao madi mot nuit:

Thao tac nay hoan toan tucng tu nhu déi vdi thao tac tao méi moét nut trong danh
sach lien két doi. Gid s chung ta can tao méi mét nat c6 thanh phan da liéu la
NewData.

- Thuat toan:

B1: BTNode = new BinT_OneNode
B2: IF (BTNode = NULL)

Thuc hién Bkt
B3: BTNode->BinT_Left = NULL
B4: BTNode->BinT_Right = NULL
B5: BTNode->Key = NewData
Bkt: K&t thac

- Cai dat thuat toan:
Ham BinT_Create_Node c6 prototype:
BinT_Type BinT_Create_Node(T NewData);

Ham tao m&i mot nut cé thanh phan di liéu la NewData, ham tréa vé con tré tré
t6i dia chi cia nat méi tao. Néu khéng di bé nhé dé tao, ham trd vé con trd
NJLL.

BinT_Type BinT_Create_Node(T NewData)
{ BinT_Type BTnode = new BinT_OneNode;
if (BTnode != NULL)
{ BTnode->BinT_Left = NULL;
BTnode->BinT_Right = NULL;
BTnode->Key = NewData;

}
return (BTnode);

H
- Minh hoa thuat toan:
Gia s chung ta can tao nat c6 thanh phan di liéu la 30: NewData = 30
BTnode = new BinT_OneNode
BTnod

BTnode->BinT_Left = NULL
BTnode->BinT_Right = NULL
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BTnode->Key = NewData

BTnodeI

(o8

NULL NULL
¢. Thém mot niit vao trong cdy nhi phdn:

Gia s chung ta can thém mét nat c6 gia tri thanh phan di liéu la NewData vao
trong cay nhi phan. Viéc thém cé thé dién ra & cay con trai hodc cay con phai clia
cay nhj phan. Do vay, ¢ day ching ta trinh bay 2 thao tac thém riéng biét nhau:

- Thuat toan thém 1 nat vao bén trai nhat ctua cay:

B1: NewNode = BinT_Create_Node (NewData)
B2: IF (NewNode = NULL)
Thuc hién Bkt
B3: IF (BinTree = NULL) // Cay réng
B3.1: BinTree = NewNode
B3.2: Thyc hién Bkt
B4: Lnode = BinTree
B5: IF (Lnode->BinT_Left = NULL) // Cay con trai réng
B5.1: Lnode->BinT_Left = NewNode
B5.2: Thyc hién Bkt
B6: Lnode = Lnode->BinT_Left // Di theo nhanh céay con trai
B7: Lap lai B5
Bkt: Két thuc

- Minh hoa thuat toan:

Gia s chung ta can thém nut cé thanh phan da liéu la 17 vao bén trai nhat cua
cay nhi phan: NewData = 17

NewNode BinTree

NJLL NJLL

NJLL NJLL NJLL NJLL
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B5.1: Lnode->BinT_Left = NewNode
NewNode BinTree

NJLL

NALL NJLL NJLL NALL
Két qua sau khi thém:

BinTree

NJLL NALL NALL NJLL NJLL NALL

- Cai dat thuat toan:
Ham BinT_Add_Left c6 prototype:
BinT_Type BinT_Add_Left(BinT_Type &BT_Tree, T NewData);
Ham thuc hién viéc thém vao bén trai nhéat trong cay nhi phan BT_Tree moét nut
c6 thanh phan du liéu la NewData, ham tré vé con tré tré téi dia chi cia nat méi
thém néu viéc thém thanh céng, ngugc lai néu khéng du bé nhé, ham tré vé con
tré NULL.

BinT_Type BinT_Add_Left(BinT_Type &BT_Tree, T NewData)
{ BinT_Type NewNode = BinT_Create_Node(NewData);
if (NewNode == NULL)
return (NewNode);
if (BT_Tree == NULL)
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BT_Tree = NewNode;
else

{ BinT_Type Lnode = BT_Tree;

while (Lnode->BinT_Left != NULL)

Lnode = Lnode->BinT_Left;

Lnode->BinT_Left = NewNode;

H

return (NewNode);

H
- Thuat toan thém 1 nat vao bén phai nhat ctia cay nhi phan:

B1: NewNode = BinT_Create_Node (NewData)
B2: IF (NewNode = NULL)
Thuc hién Bkt
B3: IF (BinTree = NULL) // Cay réng
B3.1: BinTree = NewNode
B3.2: Thuc hién Bkt
B4: Rnode = BinTree
B5: IF (Rnode->BinT_Right = NULL) // Cay con phai rong
B5.1: Rnode->BinT_Right = NewNode
B5.2: Thuc hién Bkt
B6: Rnode = Rnode->BinT_Right // Di theo nhanh céy con phai
B7: Lap lai B5
Bkt: K&t thuc

- Minh hoa thuat toan:

Gia s chung ta can thém nuat cé thanh phan di liéu la 21 vao bén phai nhét cua
cay nhi phan: NewData = 21

BinTree NewNode

NJLL NJLL

NJLL NJLL NJLL

NJLL NJLL NJLL NJLL
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B5.1: Rnode->BinT_Right = NewNode

BinTree NewNode

NJLL NJLL NJLL

dLL
Két qua sau khi thém:
BinTree

NJLL NJLL NJLL NJLL

- Cai dat thuat toan:
Ham BinT_Add_Right c6 prototype:
BinT_Type BinT_Add_Right(BinT_Type &BT_Tree, T NewData);

Ham thyc hién viéc thém vao bén phai nhat trong cay nhi phan BT_Tree moét nuat
c6 thanh phan du liéu la NewData, ham tra vé con tré tré tdi dia chi cda nat méi
thém néu viéc thém thanh céng, ngugc lai néu khéng du bé nhé, ham tra vé con
tré NULL.

BinT_Type BinT_Add_Right(BinT_Type &BT_Tree, T NewData)
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{ BinT_Type NewNode = BinT_Create_Node(NewData);
if (NewNode == NULL)
return (NewNode);
if (BT_Tree == NULL)
BT_Tree = NewNode;
else
{ BinT_Type Rnode = BT_Tree;
while (Rnode->BinT_Right != NULL)
Rnode = Rnode->BinT_Right;
Rnode->BinT_Right = NewNode;

}

return (NewNode);

}
d. Duyét qua cdc niit trén cdy nhi phan:
Trong thao tac nay ching ta tim cach duyét qua (ghé tham) tat ca cac nut trong cay
nhi phan dé thuc hién moét thao tac x ly nao dé déi véi nat nay (Xem nédi dung
thanh phan di liéu chang han). Céan ¢ vao th ty duyét nut géc so véi 2 nat géc
cay con, thao tac duyét cé thé thuc hién theo mét trong ba thir tu:
- Duyét theo thit ty nat géc truéc (Preorder):

Theo cach duyét nay thi nat géc sé dugc duyét trudc sau dé6 mdi duyét dén hai cay
con. Can cu vao thu ty duyét hai cdy con ma chung ta cé hai cach duyét theo thu ty
nut géc trudc:

+ Duyét nat géc, duyét cay con trai, duyét cay con phai (Root — Left — Right)
+ Duyét nat géc, duyét cay con phai, duyét cay con trai (Root — Right - Left)
- Duyét theo thi¥ ty nat géc giita (Inorder):

Theo cach duyét nay thi ching ta duyét mot trong hai cay con truéc réi dén duyét
nut géc va sau dé6 mdi duyét cay con con lai. Can c vao thi tu duyét hai cay con
ching ta cing sé cé hai cach duyét theo thi ty nat géc gita:

+ Duyét cay con trai, duyét nat géc, duyét cay con phai (Left — Root - Right)

+ Duyét cay con phai, duyét nat géc, duyét cay con trai (Right — Root - Left)
- Duyét theo thi¥ ty nut géc sau (Postorder):

Tuong ty nhu duyét theo nut géc trudc, trong cach duyét nay thi nat géc sé dugc

duyét sau cung so v@i duyét hai nat géc cay con. Do vay, cén ci vao tha ty duyét

hai cay con ma chung ta cing cé hai cach duyét theo th tu nut géc sau:

+ Duyét cay con trai, duyét cay con phai, duyét nat géc (Left — Right - Root)

+ Duyét cay con phai, duyét cay con trai, duyét nat géc (Right — Left - Root)
Trong phan nay chung ta chi trinh bay moét cach duyét theo mét thi ty cu thé dé la:
Duyét cay con trai, duyét nat géc va duyét cay con phai (Left - Root — Right) va su
dung thuat todn dé quy. Céac cach duyét khac bang thuat toan dé quy hay khéong dé
quy sinh vién ty van dung tuong tu.
- Thuat toan dé quy dé duyét cay nhj phan theo thi tu Left - Root — Right (LRootR):

B1: CurNode = BinTree
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B2: IF (CurNode = NULL)
Thuc hién Bkt
B3: LRootR (BinTree->BinT_Left) // Duyét cay con trai
B4: Process (CurNode->Key) // X ly théng tin nat géc
B5: LRootR (BinTree->BinT_Right) // Duyét cdy con phai
Bkt: K&t thuc

- Minh hoa thuat toan:

Gia sU chung ta can duyét qua cac nut trong cay nhi phan duédi day theo thi ty
Left — Root — Right:
BinTree

NJLL NJLL NJLL NJLL

NJLI dLL

LRootR(BinTree->BinT_Left)
LRootR(BinTree->BinT Left->BinT Left)
LRootR(NULL)
Process(12)
LRootR(NULL)

Process(36)

LRootR(BinTree->BinT Left->BinT_Right)
LRootR(NULL)
Process(18)
LRootR(NULL)

Process(40)

LRootR(BinTree->BinT_Right)
LRootR(BinTree->BinT_Right->BinT _Left)
LRootR(BinTree->BinT_Right->BinT_Left->BinT_Left)
LRootR(NULL)
Process(10)
LRootR(NULL)
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Process(45)

LRootR(BinTree->BinT_Right->BinT_Left->BinT_Right)
LRootR(BinTree->BinT_Right->BinT_Left->BinT_Right->BinT_Left)
LRootR(NULL)
Process(11)
LRootR(NULL)

Process(8)

LRootR(BinTree->BinT_Right->BinT_Left->BinT_Right->BinT_Right)
LRootR(NULL)
Process(5)
LRootR(NULL)

Process(55)

LRootR(BinTree->BinT_Right->BinT_Right)
LRootR(NULL)
Process(21)
LRootR(NULL)

Nhu vay thi ty céc thong tin cla cac nat duge xa ly nhu sau:
12 -> 36 -> 18 -> 40 -> 10 -> 45 -> 11 -> 8 -> 5 -> 55 -» 21

- Cai dat thuat toan:

Ham BinT_LRootR_Travelling c6 prototype:
void BinT_LRootR_Travelling(BinT_Type BT_Tree);

Ham thuyc hién thao tac duyét qua tat ca cac nuat trong cay nhi phan BT_Tree theo
tha tu duyét Left — Root — Right dé x(r ly théng tin 8 médi nut.

void BinT_LRootR_Travelling(BinT_Type BT_Tree)
{ if (BT_Tree == NULL)
return;
BinT_LRootR_Travelling (BT_Tree->BinT_Left);
Process (BT_Tree->Key)
BinT_LRootR_Travelling (BT_Tree->BinT_Right);
return;

& Luuy:
Ham Process thuc hién viéc xU ly théng tin (Key) ciia méi nat. Do vay tay ting
trudng hdp cu thé ma ching ta viét ham cho phu hgp. Chdng han dé xuat théng
tin thi chi can cac lénh xuét di liéu dé xuat thanh phan Key.

e. Tinh chiéu cao cua cdy:

P& tinh chiéu cao cuia cay (TH) chung ta phai tinh chiéu cao cda cac cay con, khi dé
chiéu cao cua cay chinh la chiéu cao 16n nhéat ciia cac cay con cong thém 1 (chiéu
cao nut goc). Nhu vay thao tac tinh chiéu cao cta cay la thao tac tinh dé quy chiéu
cao cua cac cay con (chiéu cao cla cay con c6 goéc la nat la bang 1).

- Thuat toan:

Trang: 160



Gido tnint: Chu Tnic Dic Licw va Gide Thadt

B1l: IF (BinTree = NULL)

B1.1: TH=0

B1.2: Thuc hién Bkt
B2: THL = TH(BinTree->BinT_Left)
B3: THR = TH(BinTree->BinT_Right)
B4: IF (THL > THR)

TH =THL + 1
B5: ELSE
TH=THR + 1

Bkt: Két thuc

Vi du: Chiéu cao cua cay nhi phan sau bang 4.

BinTree

v

o}jNULL ¢ NULL 0] NULL OJNULL fNULL O} NULL

- Cai dat thuat toan:
Ham BinT_Height c6 prototype:
int BinT_Height(BinT_Type BTree);

Ham tinh chiéu cao cua cay BTree theo thuat toan dé quy. Ham tra vé chiéu cao
cula cay can tinh.

int BinT_Height(BinT_Type BTree)
{ if (BTree == NULL)
return (0);
int HTL = BinT_Height(BTree->BinT_Left);
int HTR = BinT_Height(BTree->BinT_Right);
if (HTL > HTR)
return (HTL+1);
return (HTR+1);
}

f. Tinh s6 niit cuia cdy:

Tuong tu nhu tinh chiéu cao cla cay, sé nut cia cay (NN) bang téng sé nut cda hai
cay con céng thém 1. Do vay thao tac nay ching ta cing sé tinh dé quy sé nat cia
cac cay con (s6 nut cda cay con c6 goc la nat 1a bang 1).
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- Thuat toan:

B1l: IF (BinTree = NULL)

B1.1: NN =0

B1.2: Thyc hién Bkt
B2: NNL = NN(BinTree->BinT_Left)
B3: NNR = NN(BinTree->BinT_Right)
B4: NN = NNL + NNR + 1
Bkt: K&t thuc

Vi du: S6 nat cia cay nhi phan sau bang 8.

BinTree

NULL NULL NULL  NdLL NULL  NULL
+—> +—> +—> +—> +—> +—> +—>
0 0 0 0. 0 0 0
C1(0+0+1)  1(0+0+1) yart NALL 1 (0+0+1)
3 (1+1+1) 0 0

) 2 (0+1+1) . R
) ) 4 (2+1+1) i
) 8 (3+4+1) !

- Cai dat thuat toan:
Ham BinT_Num_Node cé prototype:
int BinT_Num_Node(BinT_Type BTree);

Ham tinh sé nat cda cay BTree theo thuat toan dé quy. Ham trd vé s6 nut cua cay
can tinh.

int BinT_Num_Node(BinT_Type BTree)
{ if (BTree == NULL)
return (0);
int NNL = BinT_Num_Node(BTree->BinT_Left);
int NNR = BinT_Num_Node(BTree->BinT_Right);
return (NNL + NNR + 1);
}

g. Huy mot niit trén cdy nhi phén:

Viéc hiy mét nat trong cay cé thé lam cho cay trd thanh rung. Do vay trong thao tac
nay néu chung ta ti€n hanh huy mét nuat 1a thi khéng cé diéu gi xay ra, song néu hay
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nat khéng phai la nat 14 thi ching ta phai tim cach chuyén cac nat géc cay con la
cac nut con cda nat can hdy thanh cac nat géc cay con cla cac nut khac réi méi
ti€n hanh hdy nuat nay.

- Trudng hgp néu nat can hiy chi ¢6 01 niat géc cay con thi ching ta cé thé chuyén
nat géc cady con nay thanh nut géc cay con cda nat cha cua nuat can huay.

- Trusng hgp néu nat can hiy cé 2 nat géc cay con thi ching ta phai chuyén 02
nut géc cay con nay thanh nat géc cay con cta cac nut khac véi nat can huy.
Viéc chon céac nat dé lam nhiém vu nat cha clia cac nat géc cay con nay tuy vao
ting trudng hgp cu thé clia cay nhi phan ma ching ta sé lua chon cho phu hgp.

Do vay, thao tac hily mét nat sé dugc trinh bay cuy thé trong céac loai cay cu thé

dugc trinh bay & cac phan sau.

5.2.3. C4dy nhi phdn tim kiém (Binary Searching Tree)

A. Khai niém - Cau trac dit lidu:

Cay nhi phan tim ki€m la cay nhi phan c6 thanh phan khéa cia moi nut 16n hon thanh
phan khéa cua tat ca cac nuat trong cay con trai cia né va nhé hon thanh phan khéa
cla tat ca cac nut trong cay con phai cda né.

Vi du: Hinh &nh sau la hinh anh ctia mot cay nhi phan tim ki€m
BSTree

NJLL NALL NALL NALL
T khai niém nay chung ta ¢6 moét s6 nhan xét:
- C4u trac di liéu cia cay nhi phan tim kiém la cdu trac di liéu dé biéu dién céac cay
nhi phan néi chung.
typedef struct BST_Node
{ T Key;
BST_Node * BST_Left; // Vung lién két quan ly dia chi nut géc cay con trai
BST_Node * BST_Right; // Vung lién két quan ly dia chi nat géc cay con phai
} BST_OneNode;
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typedef BST_OneNode * BST_Type;

D& quan ly cac cay nhi phan tim ki€ém ching ta can quan ly dia chi nat géc cta cay:
BST_Type BSTree;

- Khéa nhan dién (Key) cda céac nut trong cay nhi phan tim ki€ém déi mét khac nhau
(khéng c6 hién tugng trung khoa).

Tuy nhién trong trudng hgp can quan ly cac nat cé khéa tring nhau trong cay nhi phan
tim ki€m thi ching ta c6 thé md réng cdu tric di liéu ctia mdi nat bdng cach thém
thanh phan Count dé ghi nhan sé lugng cac nat trung khéa. Khi dé, cau trac di liéu dé
quan ly cac cay nhi phan tim kiém dugc md réong nhu sau:

typedef struct BSE_Node
{ T Key;
int Count;
BSE_Node * BSE_Left; // Vung lién két quan ly dia chi nat géc cay con trai
BSE_Node * BSE_Right; // Vung lién két quan ly dia chi nat géc cay con phai
} BSE_OneNode;

typedef BSE_OneNode * BSE_Type;

va chung ta quan ly cay nhi phan tim kiém nay bang cach quan ly dia chi nat géc:
BSE_Type BSETree;

- Nat & bén trai nhat la nat c6 gia tri khéa nhan dién nhd nhat va nat & bén phai nhat
la nat c6 gia tri khdéa nhan dién 16n nhat trong cay nhi phan tim kiém.

- Trong mot cay nhi phan tim ki€m th tu duyét cay Left — Root — Right la thd tu duyét

theo su tdng dan cac gia tri cia Key trong cac nuat va th tu duyét cay Right — Root —
Left la tha ty duyét theo sy gidm dan cac gia tri cia Key trong céac nut.

B. Cac thao tac trén cay nhj phan tim ki€m:
a. Tim kiém trén cdy:

Gia si chung ta can tim trén cay nhi phan tim ki€ém xem c6 ton tai nat c6 khéa Key
la SearchData hay khéng.

Pé thyc hién thao tadc nay chung ta sé van dung thuat toan tim ki€ém nhi phan: Do
dac diém cla cay nhi phan tim ki€m thi tai mét nat, néu Key cda nat nay khac véi
SearchData thi SearchData chi cé thé tim thdy hoac trén cay con trai cia nat nay
néu SearchData nhd hon Key cta nut nay hoac trén cay con phai ctia nat nay néu
SearchData I6n hon Key cda nuat nay.

- Thuéat toan tim ki€m 1 nit trén cay nhi phan tim kiém:

B1: CurNode = BSTree

B2: IF (CurNode = NULL) or (CurNode->Key = SearchData)
Thuc hién Bkt

B3: IF (CurNode->Key > SearchData) // Tim ki€m trén cay con trai
CurNode = CurNode->BST_Left

B4: ELSE // Tim ki€m trén cay con phai
CurNode = CurNode->BST_Right

B5: Lap lai B2
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Bkt: K&t thuac
- Minh hoa thuat toan:

Gia s chung ta can tim ki€m nut cé thanh phan da liéu la 30 trén cay nhi phan
tim ki€m sau: SearchData = 30

CurNode BSTree

NULL NJLL NULL NULL

CurNode->Key > SearchData // Tim kiém trén cay con trai
= CurNode = CurNode->BST_Left

BSTree

NJLL NJLL NULL NULL
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CurNode->Key < SearchData // Tim kiém trén cay con phai
= CurNode = CurNode->BST_Right

BSTree

NJLL NJLL

NJLL NJLL NJLL NULL

CurNode->Key > SearchData // Tim kiém trén cay con trai
= CurNode = CurNode->BST_Left

BSTree

NJLL NJLL NULL NULL

CurNode->Key = SearchData = Thuét toan két thic (Tim thay)
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Bay gig gid s chung ta can tim ki€m nut c6 thanh phan di liéu la 35 trén cay nhj
phan tim kiém trén: SearchData = 35

CurNode BSTree

NULL NJLL NULL NULL

CurNode->Key > SearchData // Tim ki€m trén cay con trai
= CurNode = CurNode->BST_Left

BSTree

NULL NJLL NJLL NULL
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CurNode->Key < SearchData // Tim kiém trén cay con phai
= CurNode = CurNode->BST_Right

BSTree

NJLL NJLL

NJLL NJLL NJLL NULL

CurNode->Key > SearchData // Tim kiém trén cay con trai
= CurNode = CurNode->BST_Left

BSTree

NJLL NJLL NULL NULL

CurNode->Key < SearchData // Tim kiém trén cay con phai
= CurNode = CurNode->BST_Right
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BSTree

NAULL NALL NALL NALL
CurNode = NULL = Thuét toan két thuc (Khéng tim thay)
- Cai dat thuat toan:
Ham BST_Searching c6 prototype:
BST_Type BST_Searching(BST_Type BS_Tree, T SearchData);

Ham thuyc hién thao tac tim ki€ém trén cay nhi phan tim ki€ém BS_Tree nuat cé
thanh phan Key la SearchData. Ham tra vé con trd tré téi dia chi ctia nat c6 Key
la SearchData néu tim thdy, trong trudng hgp ngugc lai ham tra vé con tré NULL.

BST_Type BST_Searching(BST_Type BS_Tree, T SearchData)
{ BST_Type CurNode = BS_Tree;
while (CurNode != NULL && CurNode->Key != SearchData)

{ if (CurNode->Key > SearchData)

CurNode = CurNode->BST_Left;
else

CurNode = CurNode->BST_Right;

H

return (CurNode);

}
b. Thém mot niit vao trong cdy:

Gia st ching ta can thém mot nat cé thanh phan di lieu (Key) la NewData vao trong
cay nhi phan tim ki€m sao cho sau khi thém cay van la mét cay nhi phan tim kiém.
Trong thao tac nay truéc hét ching ta phai tim ki€m vi tri thém, sau dé6 mdi ti€n
hanh thém nat méi vao cay (Do vay thuéat toan con dugc goi la thuat toan tim ki€m
va thém vao cay). Qua trinh tim ki€ém tuan thd céc budc trong thuat toan tim ki€m
da trinh bay & trén.

Trong thuat toan nay chung ta sé trinh bay thao tac thém vao cay nhi phan tim ki€ém
trong trudng hgp khéng cé hién tugng trung 14p khéa. Do vay, néu NewData bj trung
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véi Key ciia mot trong cac nat & trong cay nhi phan tim ki€m thi chang ta sé khéng
thuc hién thao tac thém nay. Tuy nhién, néu chung ta s dung cau trac da liéu mé
rong thi viéc trung khéa sé giai quyét don gian vi khéng lam tang sé nut clda cay nhi
phan tim ki€ém ma chi lam tdng thanh phan Count cua nut bi trung khéa thém 1.

- Thuéat toan thém 1 nat vao cay nhi phan tim ki€m:

B1: NewNode = BinT_Create_Node(NewData)
B2: IF (NewNode = NULL)
Thuc hién Bkt
B3: IF (BSTree = NULL) // Cay réng
B3.1: BSTree = NewNode
B3.2: Thuc hién Bkt
B4: CurNode = BSTree
B5: IF (CurNode->Key = NewData) // Trung khéa
Thuc hién Bkt
B6: IF (CurNode->Key > NewData)
B6.1: AddLeft = True // Thém vao cay con trai cia CurNode
B6.2: If (CurNode->BST_Left != NULL)
CurNode = CurNode->BST_Left
B7: IF (CurNode->Key < NewData)
B7.1: AddLeft = False // Thém vao cay con phai cia CurNode
B7.2: If (CurNode->BST_Right != NULL)
CurNode = CurNode->BST_Right
B8: Lap lai B5
B9: IF (AddLeft = True)
CurNode->BST_Left = NewNode
B10: ELSE
CurNode->BST_Right = NewNode
Bkt: K&t thuc

- Minh hoa thuat toan:

Gia sU chung ta can thém vao trong cay nhi phan tim ki€ém 1 nat cé thanh phan
d@ liéu la 55: NewData = 55
NewNode CurNode BSTree

!

NJLL

NJLL NJLL NJLL NJLL NJLL NJLL
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CurNode->Key > NewData // Thém vao cay con trai
= AddLeft = True

CurNode->BST_Left |= NULL // Chuyén sang cay con trai
= CurNode = CurNode->BST_Left

BSTree

NewNode

NJLL NJLL

NJLL NJLL NJLL NJLL NJLL NJLL

CurNode->Key < NewData // Thém vao céy con phai
= AddLeft = False

CurNode->BST_Right != NULL // Chuyén sang cay con phai
= CurNode = CurNode->BST_Right

BSTree

NewNode

NJLL NJLL

NJLL NJLL NJLL NJLL NJLL NJLL

CurNode->Key < NewData // Thém vao cay con bén phai
= AddLeft = False

CurNode->BST_Right != NULL // Chuyén sang cay con bén phai
= CurNode = CurNode->BST_Right
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BSTree

NJLL NJLL NJLL NJLL NJLL NJLL NALL NJLL

CurNode->Key < NewData // Thém vao cay con phai
= AddLeft = False

CurNode->BST_Right == NULL

// Thém NewNode vao thanh nut géc cay con phai cia CurNode
// (AddLeft = False), thuat toan két thuc.
= CurNode->BST_Right = NewNode

K&t qua sau khi thém:

BSTree

- Cai dat thuat toan:
Ham BST_Add_Node cé prototype:
BST_Type BST_Add_Node(BST_Type &BS_Tree, T NewData);
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Ham thuc hién viéc thém vao cay nhi phan tim ki€m BS_Tree mét nat cé thanh
phan Key la NewData. Ham trd vé con tré tré téi dia chi cia nat mdéi théem néu
viéc thém thanh céng, trong trudng hgp ngugc lai ham tra vé con tré NULL.

BST_Type BST_Add_Node(BST_Type &BS_Tree, T NewData)
{ BST_Type NewNode = BinT_Create_Node(NewData);
if (NewNode == NULL)
return (NewNode);
if (BS_Tree == NULL)
BS_Tree = NewNode;
else
{ BST_Type CurNode = BS_Tree;
int AddLeft = 1;
while (CurNode->Key != NewData)
{ if (CurNode->Key > NewData)
{ AddLeft = 1;
if (CurNode->BST_Left != NULL)
CurNode = CurNode->BST_Left;
else
break;

!
else // CurNode->Key < NewData

{ AddLeft = 0;
if (CurNode->BST_Right != NULL)
CurNode = CurNode->BST_Right;
else
break;
§
§
if (AddLeft == 1)
CurNode->BST_Left = NewNode;
else
CurNode->BST_Right = NewNode;
§
return (NewNode);

}
¢. Loai bo (hity) mét niit trén cdy:

Clang nhu thao tac thém mét nat vao trong cay nhi phan tim ki€m, thao tac hdy mot
nat trén cay nhi phan tim kiém cing phai bdo dam cho cay sau khi hay nuat dé thi
cay van la mot cay nhi phan tim ki€ém. Day la mét thao tac khéng don gian bdi néu
khéng cén than ching ta sé bién cay thanh mét rung.

Gia s chung ta can hdy nuat c6 thanh phan di liéu (Key) la DelData ra khdi cay nhi
phan tim ki€ém. Diéu dau tién trong thao tac nay la chung ta phai tim ki€m dia chi
cla nat can hay la DelNode, sau d6 mdi ti€n hanh hdy nat cé dia chi la DelNode nay
néu tim thay (Do vay thuéat todn nay con dugdc goi la thuat toan tim ki€ém va loai bo
trén cay). Qua trinh tim ki€ém da trinh bay & trén, & day chuing ta chi trinh bay thao
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tac huy khi tim thay nat cé dia chi DelNode (DelNode->Key = DelData) va trong quéa
trinh tim ki€m chung ta gi dia chi nat cha cda nat can hay la PrDelNode.

Viéc hly nuit cé dia chi DelNode c6 thé xay ra mét trong ba trudng hgp sau:

c;) DelNode la nit la:

Trong trudng hgp nay don gidn chung ta chi can cét bd méi quan hé cha-con gita
PrDelNode va DelNode bang cach cho con tré PrDelNode->BST_Left (néu DelNode la
nut con bén trai cda PrDelNode) hodc cho con tré PrDelNode->BST_Right (néu
DelNode la nut con bén phai ctia PrDelNode) vé con tré NULL va ti€n hanh huy
(delete) nut cé dia chi DelNode nay.

Vi du: Gia si can hay nut c6 Key = 30 (DelData = 30)

BSTree

NJLL NJLL NJLL NJLL NJLL NJLL

Trong trudng hgp nay ching ta cho PrDelNode->BST_Left = NULL:

BSTree

NJLL
®@
NJLL NULL
T (8
NJL NJLL olC NULL NJLL

NJLL NJLL
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K&t qua sau khi huy:

BSTree

NJL NJLL NJLL NJLL

c2) DelNode la nit chi ¢c6 01 nat géc cay con:

Trong trudng hgp nay ciing kha don gian chung ta chi cdn chuyén méi quan hé cha-
con gitta PrDelNode va DelNode thanh mé&i quan hé cha-con gitta PrDelNode va nut
gbc cay con cua DelNode réi ti€n hanh cét bd méi quan hé cha-con giita DelNode va
01 nat goc cay con cda nd va ti€n hanh huy nuat c6 dia chi DelNode nay.

Vi du: Gia si can hay nut c6 Key = 19 (DelData = 19)

BSTree

DelNode

NJLL
NJLL
®@
NJLL NJLL NJLL NJLL NJLL NJLL
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Trong trudng hgp nay chung ta thuc hién cac buéc:
B1: PrDelNode->BST_Left = DelNode->BST_Left
B2: DelNode->BST_Left = NULL

BSTree

DelNode

NJLL NJLL NJLL NJLL NJLL NJLL

K&t qua sau khi huy:
BSTree

NJLL NJLL NJLL NJLL

c3) DelNode 1a nat c6 da 02 nat géc cay con:

Trudng hop nay kha phic tap, viéc hly cé thé ti€n hanh theo moét trong hai cach sau
day (c6 thé cé nhiéu cach khac nita song & day chung ta chi trinh bay hai cach):

- Chuyén 02 cay con ciia DelNode vé thanh mét cdy con:

Theo phuong phap nay ching ta sé& chuyén cay con phai cua DelNode
(DelNode>BST_Right) vé thanh cay con phai cia cay con c6 nat géc la nat phai
nhét trong cay con trai cia DelNode (phai nhat trong DelNode->BST_Left), hoac
chuyén cay con trai cta DelNode (DelNode->BST_Left) vé thanh cay con trai cia
cay con c6 nut géc la nat trai nhat trong cay con phai cia DelNode (trai nhat trong
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DelNode->BST_Right). Sau khi chuyén thi DelNode sé& tré thanh nuat 14 hoac nat chi
c6 01 cay con va chang ta hiy DelNode nhu déi véi trudng hgp ¢;) va c;) 3 trén.

Vi du: Gid st can hiy nat cé Key = 25 (DelData = 25). Ching ta sé chuyén cay con
phai cua DelNode (DelNode->BST_Right) vé thanh cay con phai clda cay con
c6 nuat géce la nat phai nhat trong cay con trai cia DelNode (nut MRNode).

PrDelNgode BSTree

MRNode

NJLL
NJLL
@@
NJLL NJLL NJLL NJLL NJLL NJLL

Trong trudng hgp nay chung ta thuc hién cac buéc:
B1: MRNode->BST_Right = DelNode->BST_Right
B2: DelNode->BST_Right = NULL

PrDelNgode BSTree

NJLL NJLL NJLL NJLL NJLL NJLL
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Tién hanh cac buéc dé hiy DelNode:
B3: PrDelNode->BST_Left = DelNode->BST_Left
B4: DelNode->BST_Left = NULL

PrDelNgode BSTree

NJLL NJLL NJLL NJLL NJLL NJLL

K&t qua sau khi huy:
PrDelNgode BSTree

NJLL NJLL NJLL NJLL

- 8iF dung phan tir thé mang (standby):

Theo phucng phap nay ching ta sé& khéng hdy niat cé dia chi DelNode ma ching ta
s& hay nat c6 dia chi cia phan t& thé mang la nut phai nhat trong cay con trai cda
DelNode (MRNode), hoac la nut trai nhéat trong cay con phai cia DelNode (MLNode).
Sau khi chuyén toan boé néi dung di lieu cia nat thé mang cho DelNode
(DelNode>Key = MRNode->Key hoac DelNode->Key = MLNode->Key) thi ching ta
sé huy nut thé mang nhu déi va@i trudng hgp ¢;) va c;) J trén.

Vi du: Gia st can hiy nat cé6 Key = 25 (DelData = 25). Chung ta s& chon phan tu thé
mang MLNode la nut trai nhat trong cay con phai ciia DelNode (trai nhat trong
DelNode->BST_Right) dé hay,
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BSTree

NALL NJLL NJLL NJLL NJLL NALL
Chuyén di liéu trong MLNode vé cho DelNode: DelNode->Key = MLNode->Key
BSTree

NJLL NULL NULL NULL NJLL NJLL
Tién hanh hiy MLNode (hay nat 1a): PrMLNode->BST_Left = NULL
BSTree

NJLL NJLL NJLL NJLL NJLL NJLL
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K&t qua sau khi huy:

BSTree

NJLL NJLL NULL NJLL

- Thuat toan hdy 1 nat trong cay nhi phan tim ki€m bdng phuong phap chuyén cay
con phai clia ntit can hily vé thanh cay con phai clia cay con cé nit géc la nit
phai nhat trong cay con trai cda niat can hliy (n€u nat can hidy cé dia 02 cay con):

// Tim nat can hdy va nat cha cda nat can hay

B1:
B2:
B3:
B4:

B5:

B6:

B7:

DelNode = BSTree
PrDelNode = NULL
IF (DelNode = NULL)
Thuc hién Bkt
IF (DelNode->Key = DelData)
Thuc hién B8
IF (DelNode->Key > DelData) // Chuyén sang cay con trai
B5.1: PrDelNode = DelNode
B5.2: DelNode = DelNode->BST_Left
B5.3: OnTheLeft = True
B5.4: Thyc hién B7
IF (DelNode->Key < DelData) // Chuyén sang cay con phai
B6.1: PrDelNode = DelNode
B6.2: DelNode = DelNode->BST_Right
B6.3: OnTheLeft = False
B6.4: Thyc hién B7
Lap lai B3

// Chuyén cac mdi quan hé cia DelNode cho cac nat khac

B8:

IF (PrDelNode = NULL) // DelNode la nat géc

// Néu DelNode la nut la

B8.1: If (DelNode->BST_Left = NULL) and (DelNode->BST_Right = NULL)
B8.1.1: BSTree = NULL
B8.1.2: Thuc hién B10

// Néu DelNode cé moét cay con phai
B8.2: If (DelNode->BST_Left = NULL) and (DelNode->BST_Right != NULL)
B8.2.1: BSTree = BSTree->BST_Right
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B8.2.2: DelNode->BST_Right = NULL
B8.2.3: Thuc hién B10

// Néu DelNode c6 mét cay con trai

B8.3: If (DelNode->BST_Left |= NULL) and (DelNode->BST_Right = NULL)
B8.3.1: BSTree = BSTree->BST_Left
B8.3.2: DelNode->BST_Left = NULL
B8.3.3: Thuc hién B10

// Néu DelNode c6 hai cay con
B8.4: If (DelNode->BST_Left 1= NULL) and (DelNode->BST_Right != NULL)

// Tim nat phai nhat trong cay con trai cia DelNode
B8.4.1: MRNode = DelNode->BST_Left
B8.4.2: if (MRNode->BST_Right = NULL)
Thyc hién B8.4.5
B8.4.3: MRNode = MRNode->BST_Right
B8.4.4: Lap lai B8.4.2

// Chuyén cay con phai ctia DelNode vé cay con phai cia MRNode
B8.4.5: MRNode->BST_Right = DelNode->BST_Right
B8.4.6: DelNode->BST_Right = NULL

// Chuyén cay con trai con lai cia DelNode vé cho BSTree
B8.4.7: BSTree = BSTree->BST_Left

B8.4.8: DelNode->BST_Left = NULL

B8.4.9: Thuc hién B10

B9: ELSE // DelNode khéng phai la nut géc

// Néu DelNode 1a nut 14
B9.1: If (DelNode->BST_Left = NULL) and (DelNode->BST_Right = NULL)

// DelNode la cay con trai cia PrDelNode

B9.1.1: if (OnTheLeft = True)
PrDelNode->BST_Left = NULL

B9.1.2: else // DelNode la cay con phai cia PrDelNode
PrDelNode->BST_Right = NULL

B9.1.3: Thuc hién B10

// Néu DelNode cé moét cay con phai
B9.2: If (DelNode->BST_Left = NULL) and (DelNode->BST_Right != NULL)
B9.2.1: if (OnTheLeft = True)
PrDelNode->BST_Left = DelNode->BST_Right
B9.2.2: else
PrDelNode->BST_Right = DelNode->BST_Right
B9.2.3: DelNode->BST_Right = NULL
B9.2.4: Thuc hieén B10

// Néu DelNode c6 mét cay con trai
B9.3: If (DelNode->BST_Left != NULL) and (DelNode->BST_Right = NULL)
B9.3.1: if (OnTheLeft = True)
PrDelNode->BST_Left = DelNode->BST_Left
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B9.3.2: else

PrDelNode->BST_Right = DelNode->BST_Left
B9.3.3: DelNode->BST_Left = NULL
B9.3.4: Thuc hién B10

// Néu DelNode c6 hai cay con
B9.4: If (DelNode->BST_Left |= NULL) and (DelNode->BST_Right != NULL)

// Tim nat phai nhat trong cay con trai cia DelNode
B9.4.1: MRNode = DelNode->BST_Left
B9.4.2: if (MRNode->BST_Right = NULL)
Thyc hién B9.4.5
B9.4.3: MRNode = MRNode->BST_Right
B9.4.4: Lap lai B9.4.2

// Chuyén cay con phai DelNode vé thanh cay con phai MRNode
B9.4.5: MRNode->BST_Right = DelNode->BST_Right
B9.4.6: DelNode->BST_Right = NULL

// Chuyén cay con trai con lai ciia DelNode vé cho PrDelNode
B9.4.7: if (OnThelLeft = True)
PrDelNode->BST_Left = DelNode->BST_Left
B9.4.8: else
PrDelNode->BST_Right = DelNode->BST_Left
B9.4.9: DelNode->BST_Left = NULL
B9.4.10: Thyc hién B10

// Hay DelNode
B10: delete DelNode
Bkt: Két thuc

- Cai dat thuat toan:
Ham BST_Delete_Node_TRS cé prototype:
int BST_Delete_Node_TRS(BST_Type &BS_Tree, T DelData);

Ham thyc hién viéc hay nat c6 thanh phan Key la DelData trén cay nhi phan tim
ki€m BS_Tree bang phuong phap chuyén cay con phai ctia nat can hdy vé thanh
cay con phai cua cay cé nut géc la nut phai nhat trong cay con trai cua nat can
hdy (néu nut can hdy cé hai cay con). Ham tra vé gia tri 1 néu viéc huy thanh
céng (cé nat dé hay), trong trudng hgp ngudc lai ham tra vé gia tri 0 (khéng tén
tai nat c6 Key la DelData hoac cay réng).

int BST_Delete_Node_TRS(BST_Type &BS_Tree, T DelData)
{ BST_Type DelNode = BS_Tree;
BST_Type PrDelNode = NULL;
int OnTheLeft = O;
while (DelNode != NULL)
{ if (DelNode->Key == DelData)
break;
PrDelNode = DelNode;
if (DelNode->Key > DelData)
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{ DelNode = DelNode->BST_Left;
OnTheleft = 1;

H
else // (DelNode->Key < DelData)

{ DelNode = DelNode->BST_Right;
OnThelLeft = O;
}
H
if (DelNode == NULL) // Khéng c6 nut dé hay
return (0);
if (PrDelNode == NULL) // DelNode la nat géc
{ if (DelNode->BST_Left == NULL && DelNode->BST_Right == NULL)
BS_Tree = NULL;
else
if (DelNode->BST_Left == NULL) // DelNode c6 1 cay con phai
{ BS_Tree = BS_Tree->BST_Right;
DelNode->BST_Right = NULL,;
H

else
if (DelNode->BST_Right == NULL) // DelNode c6 1 cay con trai
{ BS_Tree = BS_Tree->BST_Left;
DelNode->BST_Left = NULL;
}

else // DelNode cé hai cay con
{ BST_Type MRNode = DelNode->BST_Left;
while (MRNode->BST_Right != NULL)
MRNode = MRNode->BST_Right;
MRNode->BST_Right = DelNode->BST_Right;
DelNode->BST_Right = NULL;
BS_Tree = BS_Tree->BST_Left;
DelNode->BST_Left = NULL,;

}
b

else // DelNode la nat trung gian
{ if (DelNode->BST_Left == NULL && DelNode->BST_Right == NULL)
if (OnTheLeft == 1)
PrDelNode->BST_Left = NULL;
else
PrDelNode->BST_Right = NULL;
else
if (DelNode->BST_Left == NULL) // DelNode c6 1 cay con phai
{ if (OnTheLeft == 1)
PrDelNode->BST_Left = DelNode->BST_Right;
else
PrDelNode->BST_Right = DelNode->BST_Right;
DelNode->BST_Right = NULL,;

else
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if (DelNode->BST_Right == NULL) // DelNode c6 1 cay con trai
{ if (OnTheLeft == 1)
PrDelNode->BST_Left = DelNode->BST_Left;
else
PrDelNode->BST_Right = DelNode->BST_Left;
DelNode->BST_Left = NULL;
§

else // DelNode cé hai cay con
{ BST_Type MRNode = DelNode->BST_Left;
while (MRNode->BST_Right != NULL)

MRNode = MRNode->BST_Right;
MRNode->BST_Right = DelNode->BST_Right;
DelNode->BST_Right = NULL,;
if (OnTheLeft == 1)

PrDelNode->BST_Left = DelNode->BST_Left;
else

PrDelNode->BST_Right = DelNode->BST_Left;
DelNode->BST_Left = NULL;

§

!
delete DelNode;

return (1);

}

- Thuat toan hidy 1 nit trong cay nhi phan tim ki€ém bing phuong phap hiy phan t&
th€ mang la phan ti trai nhat trong cay con phai clia niat can hily (n€u nat can
hiay cé6 du 02 cay con):

// Tim nat can huy va nat cha cda nat can hay
B1: DelNode = BSTree
B2: PrDelNode = NULL
B3: IF (DelNode = NULL)
Thuc hién Bkt
B4: IF (DelNode->Key = DelData)
Thuc hién B8
B5: IF (DelNode->Key > DelData) // Chuyén sang cay con trai
B5.1: PrDelNode = DelNode
B5.2: DelNode = DelNode->BST_Left
B5.3: OnTheLeft = True
B5.4: Thyc hién B7
B6: IF (DelNode->Key < DelData) // Chuyén sang cay con phai
B6.1: PrDelNode = DelNode
B6.2: DelNode = DelNode->BST_Right
B6.3: OnThelLeft = False
B6.4: Thuc hién B7
B7: Lap lai B3

// Chuyén cac méi quan hé cia DelNode cho cac nat khac
B8: IF (PrDelNode = NULL) // DelNode la nat géc
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// Néu DelNode la nut 14

B8.1: If (DelNode->BST_Left = NULL) and (DelNode->BST_Right = NULL)
B8.1.1: BSTree = NULL
B8.1.2: Thuc hién B11

// Néu DelNode cé moét cay con phai

B8.2: If (DelNode->BST_Left = NULL) and (DelNode->BST_Right != NULL)
B8.2.1: BSTree = BSTree->BST_Right
B8.2.2: DelNode->BST_Right = NULL
B8.2.3: Thyc hién B11

// Néu DelNode c6 mét cay con trai

B8.3: If (DelNode->BST_Left != NULL) and (DelNode->BST_Right = NULL)
B8.3.1: BSTree = BSTree->BST_Left
B8.3.2: DelNode->BST_Left = NULL
B8.3.3: Thyc hién B11

B9: ELSE // DelNode khéng phai la nut géc

// Néu DelNode la nut la
BO.1: If (DelNode->BST_Left = NULL) and (DelNode->BST_Right = NULL)

// DelNode la cay con trai cia PrDelNode

B9.1.1: if (OnTheLeft = True)
PrDelNode->BST_Left = NULL

B9.1.2: else // DelNode la cay con phai cia PrDelNode
PrDelNode->BST_Right = NULL

B9.1.3: Thyc hién B11

// Néu DelNode cé moét cay con phai
B9.2: If (DelNode->BST_Left = NULL) and (DelNode->BST_Right != NULL)
B9.2.1: if (OnTheLeft = True)
PrDelNode->BST_Left = DelNode->BST_Right
B9.2.2: else
PrDelNode->BST_Right = DelNode->BST_Right
B9.2.3: DelNode->BST_Right = NULL
B9.2.4: Thuc hién B11

// Néu DelNode c6 mot cay con trai
B9.3: If (DelNode->BST_Left != NULL) and (DelNode->BST_Right = NULL)
B9.3.1: if (OnTheLeft = True)
PrDelNode->BST_Left = DelNode->BST_Left
B9.3.2: else
PrDelNode->BST_Right = DelNode->BST_Left
B9.3.3: DelNode->BST_Left = NULL
B9.3.4: Thyc hién B11

// Néu DelNode c6 hai cay con
B10: If (DelNode->BST_Left != NULL) and (DelNode->BST_Right != NULL)

// Tim nut trai nhat trong cay con phai cua DelNode va nuat cha cda no
B10.1: MLNode = DelNode->BST_Right
B10.2: PrMLNode = DelNode
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B10.3: if (MLNode->BST_Left = NULL)
Thuc hién B10.7

B10.4: PrMLNode = MLNode

B10.5: MLNode = MLNode->BST_Left

B10.6: Lap lai B10.3

// Chép d lieu tr MLNode vé DelNode
B10.7: DelNode->Key = MLNode->Key

// Chuyén cay con phai cia MLNode vé cay con trai cia PrMLNode

B10.8: if (PrMLNode = DelNode) // MLNode la nat phai cia PrMLNode
PrMLNode->BST_Right = MLNode->BST_Right

B10.9: else // MLNode la nut trai cua PrMLNode
PrMLNode->BST_Left = MLNode->BST_Right

B10.10: MLNode->BST_Right = NULL

// Chuyén vai tré cua MLNode cho DelNode
B10.11: DelNode = MLNode
B10.12: Thuc hién B11

// Hay DelNode
B11: delete DelNode
Bkt: Két thac

- Cai dat thuat toan:
Ham BST_Delete_Node_SB c6 prototype:
int BST_Delete_Node_SB(BST_Type &BS_Tree, T DelData);

Ham thuc hién viéc hdy nat c6 thanh phan Key la DelData trén cay nhi phan tim
ki€m BS_Tree bdang phuong phap hay phan tir thé mang la phan tu trai nhéat trong
cay con phai cua nat can hdy (néu nut can hdy cé hai cay con). Ham trd vé gia
tri 1 néu viéc hdy thanh céng (c6 nat dé hdy), trong trudng hgp ngudc lai ham tra
vé gia tri 0 (khoéng tén tai nut c6 Key la DelData hodc cay réng).

int BST_Delete_Node_SB(BST_Type &BS_Tree, T DelData)
{ BST_Type DelNode = BS_Tree;
BST_Type PrDelNode = NULL;
int OnTheLeft = O;
while (DelNode != NULL)
{ if (DelNode->Key == DelData)
break;
PrDelNode = DelNode;
if (DelNode->Key > DelData)
{ DelNode = DelNode->BST_Left;
OnTheleft = 1;

}
else // (DelNode->Key < DelData)

{ DelNode = DelNode->BST_Right;
OnThelLeft = O;
§
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if (DelNode == NULL) // Khong c6 nut dé hay

return (0);
if (PrDelNode == NULL) // DelNode la nat géc
{ if (DelNode->BST_Left == NULL && DelNode->BST_Right == NULL)
BS_Tree = NULL;

else
if (DelNode->BST_Left == NULL)

{ BS_Tree = BS_Tree->BST_Right;
DelNode->BST_Right = NULL,;
}

else
if (DelNode->BST_Right == NULL) // DelNode c6 1 cay con trai

{ BS_Tree = BS_Tree->BST_Left;
DelNode->BST_Left = NULL;
§
}
else // DelNode la nat trung gian
{ if (DelNode->BST_Left == NULL && DelNode->BST_Right == NULL)

if (OnTheLeft == 1)
PrDelNode->BST_Left = NULL;

else
PrDelNode->BST_Right = NULL;

// DelNode c6 1 cay con phai

else
if (DelNode->BST_Left == NULL) // DelNode cé 1 cay con phai

{ if (OnTheLeft == 1)
PrDelNode->BST_Left = DelNode->BST_Right;

else
PrDelNode->BST_Right = DelNode->BST_Right;

DelNode->BST_Right = NULL;
b

else
if (DelNode->BST_Right == NULL) // DelNode c6 1 céy con trai

{ if (OnTheLeft == 1)
PrDelNode->BST_Left = DelNode->BST_Left;

else
PrDelNode->BST_Right = DelNode->BST_Left;

DelNode->BST_Left = NULL,;

b
b

// DelNode c6 hai céy con
if (DelNode->BST_Left |= NULL && DelNode->BST_Right != NULL)

{ BST_Type MLNode = DelNode->BST_Right;
BST_Type PrMLNode = DelNode;
while (MLNode->BST_Left != NULL)

{ PrMLNode = MLNode;
MLNode = MLNode->BST_Left;

}
DelNode->Key = MLNode->Key;
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if (PrMLNode == DelNode)
PrMLNode->BST_Right = MLNode->BST_Right;
else
PrMLNode->BST_Left = MLNode->BST_Right;
MLNode->BST_Right = NULL;
DelNode = MLNode;

!
delete DelNode;

return (1);

}
d. Huy toan bj cdy:

Thao tac chi don gian la viéc thyc hién nhiéu lan thao tac hiy moét nat trén cay nhi
phan tim kiém cho dén khi cay trd thanh réng.
Ham BST_Delete cé prototype:
void BST_Delete(BST_Type &BS_Tree);
Ham thyc hién viéc hdy tat cad cac nut trong cay nhi phan tim kiém BS_Tree.

void BST_Delete(BST_Type &BS_Tree)
{ BST_Type DelNode = BS_Tree;
while (BST_Delete_Node_TRS(BS_Tree, DelNode->Key) == 1)
DelNode = BS_Tree;
return;

!
5.3. Cay can bang (Balanced Tree)

5.3.1. pinh nghia - C4u tric d& 1iéu

a. Dinh nghia:
- Cay can bang tuong doéi:

Theo Adelson-Velskii va Landis dua ra dinh nghia vé cay can bang tuong déi nhu
sau:

Cay can bang tuong déi la mot cay nhi phan théa man diéu kién la déi véi moi
nat cia cay thi chiéu cao cia cay con trai va chiéu cao cia cay con phai cua nut
dé hon kém nhau khéng qua 1.

Cay can bang tuong déi con dugc goi la cay AVL (AVL tree).
- Cay can bang hoan toan:

Cay can bang hoan toan la moét cay nhi phan théa man diéu kién la déi véi moi
nut cua cay thi s6 nat & cay con trai va sé nut & cay con phai cia nat dé6 hon kém
nhau khéng qua 1.

Nhu vay, mét cay can bang hoan toan chac chén la moét cay can bang tucng déi.

Trang: 18&
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b. Cdu triic dit liéu ciia cdy cdn bang:

Pé ghi nhan muic do can bang tai mdi nat géc cay con ching ta s dung thém moét
thanh phan Bal trong c&u trac di liéu cda mébi nut. Do vay, cdu truc di liéu clda cay
nhi phan tim ki€m can bang tuong déi va cay nhi phan tim kiém can bang hoan toan
noéi riéng va cda cay can bang néi chung tuong tu nhu cdu trac di liéu cia cay nhi
phan ngoai trr trong d6 chung ta dua thém thanh phan Bal lam chi s6 can béng tai
mai nut nhu sau:

typedef struct BAL_Node
{ T Key;
int Bal; // Chi s6 can béang tai nat géc cay con
BAL_Node * BAL_Left; // Vung lién két quan ly dia chi nit géc cay con trai
BAL_Node * BAL_Right; // Vung lién két quan ly dia chi nat géc cay con phai
} BAL_OneNode;

typedef BAL_OneNode * BAL_Type;

P& quan ly cac cay nhi phan tim ki€ém can bang ching ta chi can quan ly dia chi nuat
gdc cua cay:

BAL_Type BALTree;

Gia tri chi s6 can bang Bal tai mot nat géc cay con trong cay can bdng tudng doi
bang hiéu sé gita chiéu cao cay con trai va chiéu cao cay con phai ctia nut dé.

Gia tri chi s6 can bang Bal tai mét nut géc cay con trong cay can bang hoan toan
bang hiéu s6 gilta s6 nut & cay con trai va s6 nut 8 cay con phai cda nat dé.

Nhu vay, n€u tai moi nat trong cay nhi phan ma théa méan diéu kién -1 < Bal < 1 thi
cay la cay can bang va pham vi t -1 dén +1 la pham vi cho phép cta chi s6 can
bang Bal:

+ Néu Bal = 0: cay con trai va cay con phai déu nhau
+ Néu Bal = -1: cay con trai nhd hon (thdp hon) cay con phai (léch phai)

+ Néu Bal = +1: cay con trai 16n hon (cao hon) cay con phai (léch trai)
5.3.2. Céc thao tac

Trong pham vi clia phan nay ching ta xem xét cac thao tac trén cay nhi phan tim
ki€m can bang tuong déi. Cac thao tac trén cay can bang hoan toan sinh vién tu van
dung tucng tu. Do vay, khi trinh bay céac thao tdc ma ndi t8i cay can bang nghia la
cay nhi phan tim ki€m can bang va chang ta cing chi xét cay nhi phan tim ki€m
trong truong hgp khéng trung khéa nhéan dién.

Trong céc thao tac trén cay nhi phan tim ki€ém can bang tucng déi thi cé hai thao tac
Thém moét nat vao cay va Hiy mét nat khdi cay la hai thao tac kha phic tap vi co
nguy cd pha v8 su can bang cua cay, khi dé chuang ta phai thyc hién viéc can bang
lai cay. Cac thao tac khac hoan toan tuong tu nhu trong céy nhi phan néi chung va
cay nhi phan tim ki€ém néi rieng. Do vay, trong phan nay chung ta chi trinh bay hai
thao tac nay ma théi.

Trang: 189



Gido tnint: Chu Tnic Dic Licw va Gide Thadt

a. Thém mot niit vao cdy cdn bang:

Gia s chung ta can théem moét nat NewNode c6 thanh phan di liéu la NewData vao
trong cay can bang BALTree sao cho sau khi thém BALTree van la mét cay can
bang. Dé thyc hién diéu nay truéc hét ching ta tim ki€m vi tri cia nat can thém la
nat con trai hodc nat con phai cia mét nat PrNewNode tuong tu nhu trong cay nhi
phéan tim ki€ém. Sau khi thém NewNode vao cay con trai hodac cay con phai cia
PrNewNode thi chi s6 can bang cta cac nut tir PrNewNode trd vé céac nut trudc sé bi
thay déi day chuyén va ching ta phai lan ngudc tir PrNewNode vé theo cac nut truéc
dé theo dbi su thay déi nay. Néu phat hién tai mét nat AncestorNode cé sy thay déi
vugt qua pham vi cho phép (bdang -2 hodc +2) thi chung ta ti€n hanh can bang lai
cay ngay tai nut AncestorNode nay.

Viéc can béng lai cay tai nat AncestorNode dudc ti€n hanh cuy thé theo cac trusng
hgp nhu sau:

Truong hop 1: Néu AncestorNode->Bal = -2:

Goi: AncL = AncestorNode->BAL_Left
AncR = AncestorNode->BAL_Right

= AncL c6 chiéu cao la h va AncR c¢6 chiéu cao la h+2 (h > 0)
= C6 it nh&t 1 cay con cua AncR c6 chiéu cao la h+1

Goi: AncRL = AncR->BAL_Left
AncRR = AncR->BAL_Right

= Cay con c¢6 nut géc AncestorNode cé thé & vao mét trong ba dang sau:

a;) AncRL cé chiéu cao la h va AncRR cé chiéu cao la h+1 (AncR->Bal = -1)

AncestorNode

D& can béng lai AncestorNode ching ta thyc hién viéc quay don cay con phai AncR
cla nut nay lén thanh nat géc; chuyén AncestorNode thanh nut con trai ctia nat géc
va AncestorNode c6 hai cdy con la AncL va AncRL (BAL_Right Rotation).

Cay con AncestorNode sau khi quay cay con phai AncR sé& la moét cay can bang.

Vi du: Viéc thém nuat c6 Key = 50 vao cay nhi phan tim ki€m can bang sau day sé
lam cho cay mat can bang va chung ta phai can bang lai theo trudng hgp nay:
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BALTree

NJLL NJLL NJLL NJLL

D& thuc hién can bang lai bang phép quay don nay ching ta thuc hién cac budc sau:
B1: AncestorNode->BAL_Right = AncR->BAL_Left

AncestorNode

AncL

AncRR

ﬁ
B2: AncR->BAL_Left = AncestorNode

fg\ COMPLETED

B3: AncR->Bal = AncestorNode->Bal = 0

Trang: 191
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Viéc quay két thuc, cay tré thanh cay can bang.

AncR

h+1

Chuyén vai tro cia AncR cho AncestorNode: AncestorNode = AncR
Két qua sau phép quay:
AncestorNode AncR

Vi du: Thém nut c6 Key = 50 vao cay nhi pha

BALTr

NJLL NJLL NJLL NJLL

Cay nhi phan tim ki€m can bang sau khi thém nat c6 Key = 50 nhu sau:

Trang: 192
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COMPLETED

NJLL

NJLL NJLL

Thuc hién quay cay con phai cia BALTree, cay nhj phan tim kiém sau khi quay trd
thanh cay nhi phan tim ki€ém can bang nhu sau:

NALL NULL NJLL NALL NULL NJLL
b;) AncRL va AncRR déu cé chiéu cao la h+1 (AncR->Bal = 0)

AncestorNode

Viéc bang lai dugc thyc hién tuong ty nhu truéng hgp a;) & trén:
B1: AncestorNode->BAL_Right = AncR->BAL_Left

Trang: 193
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AncestorNode

AncL

B2: AncR->BAL_Left = AncestorNode

{ COMPLETED

AncL AncR

B3: AncR->Bal = 1, AncestorNode->Bal =
Viéc quay két thac, cay tré thanh cay can bang

COMPLETED ey

AncL

:

h+1

Chuyén vai tro ciia AncR cho AncestorNode: AncestorNode = AncR

Trang: 194
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K&t qua sau phép quay:

AncestorNode AncR

{ COMPLETED

A

AncL

h+1

c1) AncRL cé chiéu cao la h+1 va AncRR cé chiéu cao la h (AncR->Bal = 1)

AncestorNode

D& can bang lai AncestorNode chuing ta thyc hién viéc quay kép: quay cay con trai

AncRL va quay cay con phai AncR (Double Rotation).

Vi du: Viéc thém nat c6 Key = 27 vao cay nhi phan tim ki€ém can bang sau day sé
lam cho cay mat can bang va chung ta phai can bang lai theo trudng hgp nay:

COMPLETED ,,

NJLL NJLL NJLL NJLL
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Viéc quay dudc ti€n hanh cu thé nhu sau:

Goi: AncRLL = AncRL->BAL_Left
AncRLR = AncRL->BAL_Right

= AncRLL va AncRLR c6 chiéu cao téi dala h
= Cay con c6 nut géc AncestorNode cé thé & vao mét trong ba dang sau:

- AncRLL c¢6 chiéu cao la h va AncRLR c¢6 chiéu cao la h-1 (AncRL->Bal=1; h>1)

AncestorNode

COMPLETED | -

Pé can béng lai AncestorNode dau tién ching ta thuc hién viéc quay don cay con
trai AncRL cia AncR lén thanh nut géc cay con phai clia AncestorNode, chuyén
AncR nut thanh nat géc cay con phai cia AncRL va chuyén AncRLR thanh nut géc
cay con trai cua AncR. Sau khi quay céay sé tré thanh:

AncestorNode

cRR

COMPLETED |
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Bay gid chung ta ti€p tuc thuyc hién viéc quay don cdy con phai AncRL cua
AncestorNode 1én thanh nat géc va chuyén AncRLL nudt thanh nat géc cay con phai
cua AncestorNode. Sau khi quay cay sé tré nén can bang:

AncRL

AncestorNode AncR

AncRLL AncRLR
®
i ‘

Nhu vay dé thuc hién qua trinh quay kép nay chung ta thuc hién cac buéc sau:
B1: AncestorNode->BAL_Right = AncRL->BAL_Left

| COMPLETED

AncestorNode

| COMPLETED
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B2: AncR->BAL_Left = AncRL->BAL_Right

AncestorNode

B3: AncRL->BAL_Left = AncestorNode ‘[ COMPLETED

AncestorNode

AncL

| COMPLETED

Trang: 196
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B4: AncRL->BAL_Right = AncR

AncestorNode

AncL

Hiéu chinh lai cac chi sé can bang: I COMPLETED

B5: AncestorNode->Bal = 0
B6: AncRL->Bal = 0
B7: AncR->Bal = -1

Chuyén vai tro ciia AncRL cho AncestorNode va chung ta cé cay can bang mdi:
B8: AncestorNode = AncRL

AncestorNode AncRL

AncR

AncRLL AncRLR cRR

| COMPLETED
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- AncRLL c6 chiéu cao la h-1 va AncRLR c6 chiéu cao la h (AncRL->Bal =-1; h>1)

AncestorNode

D& can bang lai AncestorNode hoan toan giéng véi trudng hgp trén, duy chi khac
nhau vé gia tri chi s6 can bang sau khi quay kép. Chung ta ciing thyc hién cac buéc
sau:

B1: AncestorNode->BAL_Right = AncRL->BAL_Left
B2: AncR->BAL_Left = AncRL->BAL_Right

B3: AncRL->BAL_Left = AncestorNode

B4: AncRL->BAL_Right = AncR

B5: AncestorNode->Bal = 1

B6: AncR->Bal = 0

B7: AncRL->Bal = 0

B8: AncestorNode = AncRL

Sau khi quay kép cay sé tré thanh: | CL C OM P LE TE D

AncestorNode
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- Ca AncRLL va AncRLR déu c6 chiéu cao la h (AncRL->Bal =0; h > 0)

AncestorNode

Cang tuong tu, chung ta can bang lai AncestorNode bang cach quay kép giéng nhu
trudng hogp trén nhung vé gia tri chi s6 can bang sau khi quay thi khac nhau. Cac
budéc thyc hién nhu sau:

B1: AncestorNode->BAL_Right = AncRL->BAL_Left
B2: AncR->BAL_Left = AncRL->BAL_Right

B3: AncRL->BAL_Left = AncestorNode

B4: AncRL->BAL_Right = AncR

B5: AncestorNode->Bal = 0

B6: AncR->Bal = 0

B7: AncRL->Bal = 0

B8: AncestorNode = AncRL

Sau khi quay kép cay sé trd thanh:

v+« COMPLETED

AncestorNode
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Vi du: Thém nut c6 Key = 27 vao cay nhi phan tim ki€m can bang sau day:

BALTree

NJLL NJLL NJLL NJLL

Cay nhj phan tim ki€ém can bang sau khi thém nut cé Key = 27 nhu sau:

BALTree

NJLL

NULL N JLL NZILY

w | COMPLETED

Thyc hién quay don cay con trai cia BALTree->BAL_Right céy nhj phan tim ki€m
sau khi quay trd thanh cay nhi phan tim kiém nhu sau:

NJLL

NJLL NJLL NJLL

NJLL NJLL

Thuc hién quay don cay con phai cia BALTree cay nhi phan tim kiém sau khi quay
trd thanh cay nhi phan tim ki€m can bang nhu sau:
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NJLL NJLL NJLL NJLL NUJLL NJdLL

Truong hop 2: Néu AncestorNode->Bal = 2:

Ciang tuong tu nhu trudng hdp 1 song & day chiang ta sé thuc hién quay don hoac
quay kép céac nhanh phia ngugc lai

Goi: AncL = AncestorNode->BAL_Left
AncR = AncestorNode->BAL_Right

= AncL c6 chiéu cao la h+2 va AncR cé chiéu cao la h (h > 0)
= C6 it nh&t 1 cay con cua AncL c6 chiéu cao la h+1

Goi: AncLL = AncL->BAL_Left
AncLR = AncL->BAL_Right

= Cay con c¢6 nut géc AncestorNode cé thé & vao moét trong ba dang sau:

a,) AncLL cé chiéu cao la h+1 va AncLR cé chiéu cao la h (AncL->Bal = 1)

AncestorNode

AncLL

h+1

| COMPLETED

D€ can bang lai AncestorNode ching ta thuyc hién viéc quay don cay con trai AncL
cla nut nay lén thanh nat géc; chuyén AncestorNode thanh nat con phai ciia nut géc
va AncestorNode cé hai cay con la AncLR va AncR (BAL_Left Rotation).

Vi du: Viéc thém nat c6 Key = 10 vao cay nhi phan tim ki€m can bang sau day sé
lam cho cay mét can bang va chung ta phai can bang lai theo trudng hgp nay:
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FARMA |

COMPLETED

Céac bubc thyc hién viéc can bang lai bang phép quay nay nhu sau:

B1: AncestorNode->BAL_Left = AncL->BAL_Right
B2: AncL->BAL_Right = AncestorNode
B3: AncL->Bal = AncestorNode->Bal = 0

NJLL NJLL NJLL NJLL

Chuyén vai tro ctia AncL cho AncestorNode:
B4: AncestorNode = AncL

K&t qua sau phép quay don cay con trai:

Ancl. AncestorNode

| COMPLETED

Vi du: Thém nuat cé Key = 10 vao cay nhi phan tim ki€m can bang sau day:

NZILL

COMPLETED

NJLL NJLL NJLL NJLL
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Cay nhi phan tim ki€m can bang sau khi thém nuat cé6 Key = 10 nhu sau:

NZILL

COMPLETED

NJLL

NJLL NJLL

Thuc hién quay cay con trai cia BALTree, cay nhi phan tim kiém sau khi quay trd
thanh cay nhi phan tim ki€m can bang nhu sau:

BALTree

NJULL NULL NULL NULL NJLL At
bs) AncLL va AncLR déu c6 chidu cao I3 h+1 (AncL->Bal = 0) C O M PL E TE D
AncestorNode

vy

 COMPLETED
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Viéc can bang lai AncestorNode cing thuc hién thao tac quay don nhu trén song chi
s6 can bang sé khac. Do vay, cac budc thuc hién viéc quay nhu sau:

B1: AncestorNode->BAL_Left = AncL->BAL_Right
B2: AncL->BAL_Right = AncestorNode

B3: AncL->Bal = -1

B4: AncestorNode->Bal = 1

Chuyén vai tro cia AncL cho AncestorNode:
B5: AncestorNode = AncL

Két qua sau phép quay don cay con trai:

Ancl. AncestorNode

| COMPLETED

c2) AncLL cé chiéu cao la h va AncLR cé chiéu cao l1a h+1 (AncL->Bal = -1)

AncestorNode

AncR

AncLL

h " COMPLETED

V.

Cang tuong tu nhu trudng hgp c¢;) Viéc can bang lai AncestorNode dugc thuc hién

thong qua phép quay kép: quay cay con phai AncLR va quay cay con trai AncL
(Double Rotation).

Trang: 206
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Vi du: Viéec thém nat c6 Key = 44 vao cay nhi phan tim ki€ém can bang sau day sé
lam cho cay mat can bang va chung ta phai can bang lai theo trudng hgp nay:

NJLL NJLL NJLL

N
Viéc quay dudc ti€n hanh cuy thé nhu sau: COMPLETED

Goi: AncLRL = AncLR->BAL_Left
AncLRR = AncLR->BAL_Right

= AncLRL va AncLRR c6 chiéu cao téi da la h
= Cay con c¢6 nut géc AncestorNode cé thé & vao moét trong ba dang sau:

- AncLRL c¢6 chiéu cao la h-1 va AncLRR c6 chiéu cao la h (AncRL->Bal=-1; h>1)

AncestorNode

Qua trinh quay kép dugc thyuc hién théng cac buée sau: COMPLETED

B1: AncestorNode->BAL_Left = AncLR->BAL_Right
B2: AncL->BAL_Right = AncLR->BAL_Left

B3: AncLR->BAL_Right = AncestorNode

B4: AncLR->BAL_Left = AncL

Hiéu chinh lai cac chi s6 can bang:

B5: AncestorNode->Bal = 0
B6: AncLR->Bal = 0
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B7: AncL->Bal = 1
Chuyén vai troé clia AncLR cho AncestorNode va ching ta cé cay can bang mdi:

B8: AncestorNode = AncLR

AncestorNode

'COMPLETED

- AncLRL c¢6 chiéu cao la h va AncLRR c¢6 chiéu cao la h-1 (AncRL->Bal=1; h>1)

AncestorNode

AncLRL AncLRR

COMPLETED

Qua trinh quay kép dugc thuc hién théng cac buéc sau:

B1: AncestorNode->BAL_Left = AncLR->BAL_Right
B2: AncL->BAL_Right = AncLR->BAL_Left

B3: AncLR->BAL_Right = AncestorNode

B4: AncLR->BAL_Left = AncL

Hiéu chinh lai cac chi sé can bang:

B5: AncestorNode->Bal = -1
B6: AncLR->Bal = 0
B7: AncL->Bal = 0

Chuyén vai tro ciia AncLR cho AncestorNode va chung ta cé cay can bang mdi:
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B8: AncestorNode = AncLR

AncestorNode AncLP

COMPLETED

AncLRL AncLRR

¥

- Ca AncLRL va AncLRR déu c6 chiéu cao la h (AncRL->Bal =0; h > 0)

AncestorNode

AncLRL AncLRR

<

=

Qua trinh quay kép dugc thuc hién théng cac buéc sau: COMPLETED

B1: AncestorNode->BAL_Left = AncLR->BAL_Right
B2: AncL->BAL_Right = AncLR->BAL_Left

B3: AncLR->BAL_Right = AncestorNode

B4: AncLR->BAL_Left = AncL

Hiéu chinh lai cac chi sé can bang:

B5: AncestorNode->Bal = 0
B6: AncLR->Bal = 0
B7: AncL->Bal = 0

Chuyén vai tro ciia AncLR cho AncestorNode va ching ta cé cay can bang mdi:

B8: AncestorNode = AncLR
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A CID

COMPLETED

AncestorNode

AncLRL AncLRR

!
) |
aYls

Vi du: Thém nuat cé6 Key = 44 vao cay nhi phan tim kiém can bang sau day:

o( 0) NULL NeH
&% COMPLETED

NJLL NJLL NJLL NJLL

Cay nhi phan tim ki€ém can bang sau khi thém nuat cé Key = 44 nhu sau:

' COMPLETED

NJLL

NJLL NJLL

Thuc hién quay cay con phai cia BALTree->BAL_Left, cay nhi phan tim ki€ém sau khi
quay tré thanh cay nhi phan tim kiém nhu sau:

Trang: 210


hung
Completed

hung
Completed

hung
Completed


Gido tnint: Chu Tnic Dic Licw va Gide Thadt

NJLL NJLL

Thuc hién quay cay con phai cia BALTree->BAL_Left, cay nhi phan tim ki€m sau khi
quay trd thanh cay nhi phan tim ki€m nhu sau:

BALTree

NJLL NJLL NJLL NJLL NJLL NJdLL

- Thuat toan dé quy dé thém 1 nat vao cay nhi phan tim ki€m can béng tuong déi
(AddNew):

// Tao nut mdi c6 Key la NewData dé thém vao cay NPTKCBTD
B1: NewNode = new BAL_OneNode
B2: IF (NewNode = NULL)
Thuc hién Bkt
B3: NewNode->BAL_Left = NewNode->BAL_Right = NULL
B4: NewNode->Key = NewData
B5: NewNode->Bal = 0
B6: IF (BALTree = NULL) // Cay réng
B6.1: BALTree = NewNode
B6.2: Taller = True // Cay NPTKCBTD bi cao 1én hon truéc khi thém
B6.3: Thuc hién Bkt
B7: IF (BALTree->Key = NewData) // Trung khéa
Thuc hién Bkt
B8: IF (BALTree->Key < NewData)
// Thém dé quy vao cay con phai ciia BALTree
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B8.1: AddNew(NewData, BALTree->BAL_Right, Taller)
B8.2: If (Taller = True) // Viéc thém vao lam cho cay con phai cao thém
B8.2.1: if (BALTree->Bal = 1) // Cay sé can bang tét hon
B8.2.1.1: BALTree->Bal = 0
B8.2.1.2: Taller = False
B8.2.1.3: Thuyc hién Bkt
B8.2.2: if (BALTree->Bal = 0) // Cay van cop-ednbina
B8.2.2.1: BALTree->Bal = -1
B8.2.2.2: T hién Bkt COMPLETED
B8.2.3: if (BALTree->Bal = -1)
// Cay mat can bang theo trudng hgp 1, phai can bang lai
B8.2.3.1: AncR = BALTree->BAL_Right
B8.2.3.2: if (AncR->Bal = 1) // Thuc hién quay don theo a;), b;)
B8.2.3.2.1: BALTree->BAL_Right = AncR->BAL_Left
B8.2.3.2.2: AncR->BAL_Left = BALTree
B8.2.3.2.3: if (AncR->Bal = -1)
BALTree->Bal = AncR->Bal = 0

B8.2.3.2.4: else
AncR->Bal = 1
B8.2.3.2.5: BALTree = AncR
B8.2.3.3: else // Thuc hién quay kép theo c;)

B8.2.3.3.1: AncRL = AncR->BAL_Left
B8.2.3.3.2: BALTree->BAL_Right = AncRL->BAL_Left
B8.2.3.3.3: AncR->BAL_Left = AncRL->BAL_Right
B8.2.3.3.4: AncRL->BAL_Left = BALTree
B8.2.3.3.5: AncRL->BAL_Right = AncR
B8.2.3.3.6: if (AncRL->Bal = 1)
B8.2.3.3.6.1: BALTree->Bal = AncRL->Bal = 0
B8.2.3.3.6.2: AncR->Bal = -1
B8.2.3.3.7: if (AncRL->Bal = -1)

AncR->Bal = AncRL->Bal = 0

COMPLETED B8.2.3.3.8: if (AncRL->Bal = 0)

AncR->Bal = BALTree->Bal = 0

B8.2.3.3.9: BALTree = AncRL
B8.2.3.4: Taller = False
BO: IF (BALTree->Key > NewData)
// Thém dé quy vao cay con trai cia BALTree
B9.1: AddNew(NewData, BALTree->BAL_Left, Taller)
B9.2: If (Taller = True) // Viéc thém vao lam cho cay con trai cao thém
B9.2.1: if (BALTree->Bal = -1) // Cay sé can bang tét hon
B9.2.1.1: BALTree->Bal = 0
B9.2.1.2: Taller = False
B9.2.1.3: Thuc hién Bkt
B9.2.2: if (BALTree->Bal = 0) // Cay van con can bang
B9.2.2.1: BALTree->Bal = 1
B9.2.2.2: Thuc hién Bkt
B9.2.3: if (BALTree->Bal = 1)
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// Cay mat can bang theo trudng hgp 2, phai can bang lai

B9.2.3.1: AncL = BALTree->BAL_Left

B9.2.3.2: if (AncL->Bal # -1) // Thyc hién quay don theo a,), by)
B9.2.3.2.1: BALTree->BAL_Left = AncL->BAL_Right
B9.2.3.2.2: AncL->BAL_Right = BALTree
B9.2.3.2.3: if (AncL->Bal = 1)

BALTree->Bal = AncL->Bal = 0

B9.2.3.2.4: else

COMPLETED

B9.2.3.2.5: BALTree = AncR

B9.2.3.3: else // Thyc hién quay kép theo c;)
B9.2.3.3.1: AncLR = AncL->BAL_Right
B9.2.3.3.2: BALTree->BAL_Left = AncLR->BAL_Right
B9.2.3.3.3: AncL->BAL_Right = AncLR->BAL_Left
B9.2.3.3.4: AncLR->BAL_Right = BALTree
B9.2.3.3.5: AncLR->BAL_Left = AncL
B9.2.3.3.6: if (AncLR->Bal = -1)
B9.2.3.3.6.1: BALTree->Bal = AncLR->Bal = 0
B9.2.3.3.6.2: AncL->Bal = 1

B9.2.3.3.7: if (AncLR->Bal = 1)

AncL->Bal = AncLR->Bal = 0
COMPLETED | 552555 ¥ oneinensico)

AncL->Bal = BALTree->Bal = 0

B9.2.3.3.9: BALTree = AncLR
B9.2.3.4: Taller = False
Bkt: Két thuc

- Cai dat thuat toan:
Ham BAL_Add_Node c6 prototype:
BAL_Type BAL_Add_Node (BAL_Type &BTree, T NewData, int &Taller);

Ham thuc hién viéc thém vao cay nhi phan tim ki€m can bang BTree moét nut cé
thanh phan Key la NewData. Ham tra vé con tré tré tSi dia chi clia nit méi thém
néu viéc thém thanh céng, trong trudng hgp ngugc lai ham tra vé con tré NULL.
Trong trudng hgp viéc thém lam cho cay phat trién chiéu cao thi Taller cé gia tri
la 1, ngugc lai Taller c6 gia tri la 0.

BAL_Type BAL_Add_Node (BAL_Type &BTree, T NewData, int &Taller)
{ if (BS_Tree == NULL)
{ BTree = new BAL_OneNode;

if (BTree != NULL) COMPLETED

{ BTree->Key = NewData;

BTree->Bal = 0;
BTree->BAL_Left = BTree->BAL_Right = NULL;
Taller = 1;

}

return (BTree);

}
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if (BTree->Key == NewData)
{ Taller = 0;
return (NULL);

}
if (BTree->Key < NewData)

{ BAL_Add_Node (BTree->BAL_Right, NewData, Taller);
if (Taller == 1)
{ switch (BTree->Bal)
{ case 1: BTree->Bal = 0;
Taller = O;

cseosresssa- 1. | COMPLETED

break;
case -1: BAL_Type AncR = BTree->BAL_Right;
if (AncR->Bal != 1)
{ BTree->BAL_Right = AncR->BAL_Left
AncR->BAL_Left = BTree;
if (AncR->Bal == -1)
BTree->Bal = AncR->Bal = 0;

else
AncR->Bal = 1;
BTree = AncR;
¥
else

{ BAL_Type AncRL = AncR->BAL_Left;
BTree->BAL_Right = AncRL->BAL_Left;
AncR->BAL_Left = AncRL->BAL_Right;
AncRL->BAL_Left = BTree;
AncRL->BAL_Right = AncR;
if (AncRL->Bal == 1)

{ BTree->Bal = AncRL->Bal = 0;
AncR->Bal = -1;
¥
else
if (AncRL->Bal == -1)
AncR->Bal = AncRL->Bal = 0;
else

AncR->Bal = BTree->Bal = 0;

COM P L E TE D \ BTree = AncRL;

Taller = O;
break;
} // switch
} // if (Taller == 1)

} // if (BTree->Key < NewData)
else // (BTree->Key > NewData)

{ BAL_Add_Node (BTree->BAL_Left, NewData, Taller);

if (Taller == 1)
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{ switch (BTree->Bal)

{ case -1: BTree->Bal = 0;

case 0: BTree->Bal = 1;

COMPLETED

} // switch

preak: COMPLETED

break;

case 1: BAL_Type AncL = BTree->BAL_Left;
if (AncL->Bal != -1)
{ BTree->BAL_Left = AncL->BAL_Right

}

else

AncL->BAL_Right = BTree;
if (AncL->Bal == 1)
BTree->Bal = AncL->Bal = 0;

else
AnclL->Bal = -1;
BTree = AncL;

{ BAL_Type AncLR = AncL->BAL_Right;

}

BTree->BAL_Left = AncLR->BAL_Right;
AncL->BAL_Right = AncLR->BAL_Left;
AncLR->BAL_Right = BTree,;
AncLR->BAL_Left = AncL;
if (AncLR->Bal == -1)
{ BTree->Bal = AncLR->Bal = 0;
AncL->Bal = 1;
}
else
if (AncLR->Bal == 1)
AncL->Bal = AncLR->Bal = 0;
else
AncL->Bal = BTree->Bal = 0;
BTree = AncLR;

Taller = O;

break;

} // if (Taller == 1)
} // else: (BTree->Key > NewData)

return (BTree);

}

b

COMPLETED

b. Hity mét niit ra khéi cdy cdn bang:

Tuong tu nhu trong thao tac thém, gid s& chung ta can huy moét nat DelNode cé
thanh phan di liéu la DelData ra khdi cay can biang BALTree sao cho sau khi hay
BALTree van la mét cay can bang. P& thuc hién diéu nay truéc hét ching ta phai
thuc hién viéc tim ki€m vi tri cia nat can hdy la nat con trai hodc nat con phai cua
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mot nut PrDelNode tuong tu nhu trong cay nhi phan tim ki€m. Viéc huy cang chia
lam ba truéng hgp nhu déi véi trong cay nhi phan tim kiém:

- DelNode la nut 14,
- DelNode la nut trung gian c6 01 céay con,
- DelNode la nat c¢6 da 02 cay con.

Trong trudng hgp DelNode c¢é du 02 cay con ching ta s dung phucdng phap huay
phan tr th€ mang vi theo phuong phap nay sé lam cho chiéu cao cua cay it bién
déng hon phuong phap kia.

Sau khi hiy DewNode ra khoi cay con trai hodc cay con phai cia PrNewNode thi chi
s& can bang cia cac nut t PrDelNode trd vé cac nut truéc ciing sé bi thay déi day
chuyén va chung ta phai lan ngugc tu PrDelNode vé theo céac nat truéc dé theo doi
su thay déi nay. Néu phat hién tai mét nat AncNode cé su thay déi vugt qua pham vi
cho phép (badng -2 hodc +2) thi chung ta ti€én hanh can bang lai cay ngay tai nat
AncNode nay.

Viéc can béng lai cay tai nit AncNode dugc ti€n hanh cu thé theo cac trusng hgp
tuong tu nhu trong thao tac thém:

- Thuat toan dé quy dé hiy 1 nat trong cay nhi phan tim ki€m can bing tudng doi
(BAL_Delete_Node):

// Tim nat can huy va nat cha cda nat can hay
B1: PrDelNode = NULL
B2: IF (BALTree = NULL)
B2.1: Shorter = False COMPLETED
B2.2: Thuc hién Bkt
B3: PrDelNode = BALTree
B4: IF (BALTree->Key > DelData) // Chuyén sang cay con trai
B4.1: OnTheLeft = True
B4.2: BAL_Delete_Node (BALTree->BAL_Left, DelData, Shorter)
B5: IF (BALTree->Key < DelData) // Chuyén sang cay con phai
B5.1: OnThelLeft = False
B5.2: BAL_Delete_Node (BALTree->BAL_Right, DelData, Shorter)
B6: If (Shorter = True)
B6.1: if (OnTheLeft = True)
B6.1.1: if (BALTree->Bal = 1) // Cay can béang t6t hon
B6.1.1.1: BALTree->Bal = 0
B6.1.1.2: Shorter = False
// Cay van bj thdp nhung van con can béng
B6.1.2: if (BALTree->Bal = 0)
BALTree->Bal = -1
B6.1.3: if (BALTree->Bal = -1) // Cay mat can bang
B6.1.3.1: AncR = BALTree->BAL_Right
B6.1.3.2: if (AncR->Bal = 1) // Thuc hién quay don
B6.1.3.2.1: BALTree->BAL_Right = AncR->BAL_Left
B6.1.3.2.2: AncR->BAL_Left = BALTree
B6.1.3.2.3: if (AncR->Bal = -1)
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BALTree->Bal = AncR->Bal = 0
B6.1.3.2.4: else
AncR->Bal = 1
B6.1.3.2.5: BALTree = AncR
B6.1.3.3: else // Thyc hién quay kép
B6.1.3.3.1: AncRL = AncR->BAL_Left
B6.1.3.3.2: BALTree->BAL_Right = AncRL->BAL_Left
B6.1.3.3.3: AncR->BAL_Left = AncRL->BAL_Right
B6.1.3.3.4: AncRL->BAL_Left = BALTree
B6.1.3.3.5: AncRL->BAL_Right = AncR
B6.1.3.3.6: if (AncRL->Bal = 1)
B6.1.3.3.6.1: BALTree->Bal = AncRL->Bal = 0
B6.1.3.3.6.2: AncR->Bal = -1
B6.1.3.3.7: if (AncRL->Bal = -1)
AncR->Bal = AncRL->Bal = 0
B6.1.3.3.8: if (AncRL->Bal = 0)
AncR->Bal = BALTree->Bal = 0
B6.1.3.3.9: BALTree = AncRL
B6.1.3.4: Shorter = False
B6.2: else // (OnTheLeft = False)
B6.2.1: if (BALTree->Bal = -1) // Cay can bang tét hon
B6.2.1.1: BALTree->Bal = 0
B6.2.1.2: Shorter = False

// Cay van bj thap nhung van con can bang
B6.2.2: if (BALTree->Bal = 0)
BALTree->Bal = 1
B6.2.3: if (BALTree->Bal = 1) // Cay mat can bang
B6.2.3.1: AncL = BALTree->BAL_Left
B6.2.3.2: if (AncL->Bal # -1) // Thyc hién quay don
B6.2.3.2.1: BALTree->BAL_Left = AncL->BAL_Right

B6.2.3.2.2: AncL->BAL_Right = BALTree

B6.2.3.2.3: if (AncL->Bal = 1)
COMPLETED BALTree->Bal = AncL->Bal = 0

B6.2.3.2.4: else
AncL->Bal = 1
B6.2.3.2.5: BALTree = AncL
B6.2.3.3: else // Thyc hién quay kép

B6.2.3.3.1: AncLR = AncL->BAL_Right
B6.2.3.3.2: BALTree->BAL_Left = AncLR->BAL_Right
B6.2.3.3.3: AncL->BAL_Right = AncLR->BAL_Left
B6.2.3.3.4: AncLR->BAL_Right = BALTree
B6.2.3.3.5: AncLR->BAL_Left = AncL
B6.2.3.3.6: if (AncLR->Bal = -1)
B6.2.3.3.6.1: BALTree->Bal = AncLR->Bal = 0
B6.2.3.3.6.2: AncL->Bal = 1
B6.2.3.3.7: if (AncLR->Bal = 1)
AncL->Bal = AncLR->Bal = 0
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B6.2.3.3.8: if (AncLR->Bal = 0)
AncL->Bal = BALTree->Bal = 0
B6.2.3.3.9: BALTree = AncLR
B6.2.3.4: Shorter = False

// Chuyén cac méi quan hé cia DelNode cho cac nut khac
B7: IF (PrDelNode = NULL) // Huy la nat géc

// Néu nat can hay la nat 14
B7.1: If (BALTree->BAL_Left = NULL) and (BALTree->BAL_Right = NULL)
B7.1.1: BALTree = NULL

B7.1.2: delete BALTree COMPLETED
B7.1.3: Thuc hién Bkt

// Néu nat can hdy cé mét cay con phai

B7.2: If (BALTree->BAL_Left = NULL) and (BALTree->BAL_Right != NULL)
B7.2.1: BALTree = BALTree->BAL_Right
B7.2.2: BALTree->BAL_Right = NULL

B7.2.3: delete BALTree
B7.2.4: Thuc hién Bkt

// Néu nat can hiy cé mét cay con trai
B7.3: If (BALTree->BAL_Left |= NULL) and (BALTree->BAL_Right = NULL)
B7.3.1: BALTree = BALTree->BAL_Left
B7.3.2: BALTree->BAL_Left = NULL
B7.3.3: delete BALTree
B7.3.4: Thuc hién Bkt

B8: ELSE // nat can huy khéng phai la nat géc

// Néu nat can hay la nat 14
B8.1: If (BALTree->BAL_Left = NULL) and (BALTree->BAL_Right = NULL)

// Nut can hudy la cay con trai cua PrDelNode

B8.1.1: if (OnTheLeft = True)
PrDelNode->BAL_Left = NULL

B8.1.2: else // Nut can hudy la cay con phai cia PrDelNode
PrDelNode->BAL_Right = NULL

B8.1.3: delete BALTree

B8.1.4: Thuc hién Bkt

// Néu nat can hdy cé mét cay con phai
B8.2: If (BALTree->BAL_Left = NULL) and (BALTree->BAL_Right != NULL)
B8.2.1: if (OnTheLeft = True)
PrDelNode->BAL_Left = BALTree->BAL_Right
B8.2.2: else
PrDelNode->BAL_Right = BALTree->BAL_Right
B8.2.3: BALTree->BAL_Right = NULL
B8.2.4: delete BALTree
B8.2.5: Thuc hién Bkt

// Néu nat can hdy cé mét cay con trai
B8.3: If (BALTree->BAL_Left |= NULL) and (BALTree->BAL_Right = NULL)
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B8.3.1: if (OnTheLeft = True)
PrDelNode->BAL_Left = BALTree->BAL_Left
B8.3.2: else
PrDelNode->BAL_Right = BALTree->BAL_Left
B8.3.3: BALTree->BAL_Left = NULL

B8.3.4: delete BALTree C O M P L E TE D
B8.3.5: Thuc hién Bkt

// Néu DelNode cé hai cay con

BO: If (BALTree->BAL_Left != NULL) and (BALTree->BAL_Right != NULL)

// Tim nut trai nhat trong cay con phai cia nat can hdy va nat cha ctia né
B9.1: MLNode = BALTree->BAL_Right
B9.2: PrMLNode = BALTree
B9.3: if (MLNode->BAL_Left = NULL)
Thuc hién B9.7
B9.4: PrMLNode = MLNode
B9.5: MLNode = MLNode->BAL_Left
B9.6: Lap lai B9.3

// Chép di lieu tr MLNode vé DelNode
B9.7: BALTree->Key = MLNode->Key

// Chuyén cay con phai cia MLNode vé cay con trai cia PrMLNode

B9.8: if (PrMLNode = BALTree) // MLNode la nat phai cia PrMLNode
PrMLNode->BAL_Right = MLNode->BAL_Right

B9.9: else // MLNode la nut tréi cia PrMLNode
PrMLNode->BAL_Left = MLNode->BAL_Right

B9.10: MLNode->BAL_Right = NULL

// Chuyén vai tréo ciia MLNode cho nat can huay
B9.11: BALTree = MLNode
Bkt: Két thuc

- Cai dat thuat toan:
Ham BAL_Del_Node cé prototype:

int BAL_Del_Node(BAL_Type &BALTree, T Data,
int &Shorter, BAL_Type &PrDNode, int &OnTheLeft);

Ham thyc hién viéc huy nat c6 thanh phan Key la Data trén cay nhi phan tim
ki€m can bang BALTree bang phuong phap hiy phan tr thé mang la phan ti phai
nhat trong cay con trai cua nat can hdy (néu nat can hdy cé hai cay con). Ham
trad vé gia tri 1 néu viéc hly thanh céng (c6é nat dé hudy), trong trudng hdp ngudc
lai ham tra vé gia tri O (khéng tén tai nat c6 Key la Data hodc cay réng).

int BAL_Del_Node(BAL_Type &BALTree, T Data,
int &Shorter, BAL_Type &PrDNode, int &OnTheLeft)
{ if (BALTree != NULL)
{ Shorter = 0;
PrDNode = NULL;
return (0)

}
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PrDNode = BALTree;
if (BALTree->Key > Data) // Hay niat & cay con trai
{ OnTheLeft = 1;
return(BAL_Del_Node (BALTree->BAL_Left, Data, Shorter, PrDNode));
§
if (BALTree->Key < Data) // Hay nat & cay con phai
{ OnTheLeft = 0O;
return(BAL_Del_Node (BALTree->BAT_Right, Data, Shorter, PrDNode));
H
if (Shorter == True)
{ if (OnTheLeft == 1)
{ if (BALTree->Bal == 1)  // Cay can bang t6t hon
{ BALTree->Bal = 0;
Shorter = 0;
h
if (BALTree->Bal==0) //Cay van bj thap nhung van con can bang
BALTree->Bal = -1;
if (BALTree->Bal == -1) // Cay maét can béng
{ BAL_Type AncR = BALTree->BAL_Right;
if (AncR->Bal != 1) // Thyc hién quay don
{ BALTree->BAL_Right = AncR->BAL_Left;
AncR->BAL_Left = BALTree;
if (AncR->Bal == -1)
BALTree->Bal = AncR->Bal = 0;
else
AncR->Bal = 1;
BALTree = AncR;

¥
else  // Thuyc hién quay kép
{ BAL_Type AncRL = AncR->BAL_Left;
BALTree->BAL_Right = AncRL->BAL_Left;
AncR->BAL_Left = AncRL->BAL_Right;
AncRL->BAL_Left = BALTree;
AncRL->BAL_Right = AncR;
if (AncRL->Bal == 1)
{ BALTree->Bal = AncRL->Bal = 0;
AncR->Bal = -1;
h
if (AncRL->Bal == -1)
AncR->Bal = AncRL->Bal = 0;
if (AncRL->Bal == 0)
AncR->Bal = BALTree->Bal = O;
BALTree = AncRL;
}
Shorter = 0;

}
}
else // (OnTheLeft = 0)
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{ if (BALTree->Bal == -1) // Caycan bina t&t han

{ BALTree->Bal = 0;
Shorter - 0 COMPLETED
H
// Cay van bj thdp nhung van con can béng
if (BALTree->Bal == 0)
BALTree->Bal = 1;
if (BALTree->Bal == 1)  // Cay maét can bang
{ BAL_Type AncL = BALTree->BAL_Left;
if (AncL->Bal != -1) // Thuc hién quay don
{ BALTree->BAL_Left = AncL->BAL_Right;
AncL->BAL_Right = BALTree;
if (AncL->Bal == 1)
BALTree->Bal = AncL->Bal = O;
else
AncL->Bal = 1;
BALTree = AncL;

H
else  // Thuyc hién quay kép
{ BAL_Type AncLR = AncL->BAL_Right;
BALTree->BAL_Left = AncLR->BAL_Right;
AncL->BAL_Right = AncLR->BAL_Left;
AncLR->BAL_Right = BALTree;
AncLR->BAL_Left = AncL;
if (AncLR->Bal == -1)
{ BALTree->Bal = AncLR->Bal = 0;
AncL->Bal = 1;
H
if (AncLR->Bal == 1)
AncL->Bal = AncLR->Bal = 0;
if (AncLR->Bal == 0)
AncL->Bal = BALTree->Bal = O;
BALTree = AncLR
H
Shorter = 0;
}
}
H
if (PrDNode == NULL) // huy nut géc
{ if (BALTree->BAL_Left == NULL && BALTree->BAL_Right == NULL)
BALTree = NULL;
else
if (BALTree->BST_Left == NULL) // nat can hdy cé 1 cay con phai
{ BALTree = BALTree->BAL_Right;
BALTree->BAL_Right = NULL,;
}
else
if (BALTree->BAL_Right == NULL) //nat can huy c6 1 cay con trai
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{ BALTree = BALTree->BAL_Left;
BALTree->BAL_Left = NULL;

§
} N
else // nat can hay la nat trung gian
{ if (BALTree->BAL_Left == NULL && BALTree->BAL_Right == NULL)
if (OnTheLeft == 1)
PrDNode->BAL_Left = NULL;
else
PrDNode->BAL_Right = NULL;
else
if (BALTree->BAL_Left == NULL)
{ if (OnTheLeft == 1)
PrDNode->BAL_Left = BALTree->BAL_Right;
else
PrDNode->BAL_Right = BALTree->BAL_Right;
BALTree->BAL_Right = NULL,;
}
else
if (BALTree->BAL_Right == NULL)
{ if (OnTheLeft == 1)
PrDNode->BAL_Left = BALTree->BAL_Left;
else
PrDNode->BAL_Right = BALTree->BAL_Left;
BALTree->BAL_Left = NULL;
h

}
if (BALTree->BAL_Left |= NULL && BALTree->BAL_Right != NULL)

{ BAL_Type MLNode = BALTree->BAL_Right;
BAL_Type PrMLNode = BALTree;
while (MLNode->BAL_Left != NULL)
{ PrMLNode = MLNode;
MLNode = MLNode->BAL_Left;

}
BALTree->Key = MLNode->Key;

if (PrMLNode == BALTree)
PrMLNode->BAL_Right = MLNode->BAL_Right;
else
PrMLNode->BAL_Left = MLNode->BAL_Right;
MLNode->BAL_Right = NULL,;
BALTree = MLNode;

}
delete BALTree;

return (1);
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wivi COMPLETED

s uc di liéu cta céac loai cay? So sanh vdi
danh sach lién két?

2. Hay dua ra phuong phap dé chuyén tu cdu tric di liéu cia mét cay N-phan noéi
chung thanh mét cay nhi phan?

3. Trinh bay thuat toan va cai dat tat ca cac thao tac trén cay nhi phan tim kiém, cay
nhi phan tim ki€ém can bang?

4. Trinh bay thuéat toan va cai dat tat ca cac thao tac trén cay nhi phan tim kiém, cay
nhi phan tim ki€m can béang trong truéng hgp chdp nhan sy trang khéa nhan dién
cua cac nut trong cay?

5. Trinh bay t4t ca cac thuat toan va cai dat tat ca cac thuat toan dé thyc hién viéc hdy
mot nat trén cay nhi phan tim ki€m néu cay cé 02 cay con? Theo ban, thuat toan
nao la don gian? Cho nhan xét vé méi thuat toan?

6. Trinh bay va cai dat tat cd cac thuat toan dé thuc hién céac thao tac trén cay nhj
phan tim ki€m, cay nhi phan tim ki€m can bang trong hai trudng hgp: Chap nhan va
Khéng chap nhéan sy trung lap vé khoda cluia cac nut badng cach khéng su dung thuat
toan dé quy (Tru céc thao tac da trinh bay trong tai liéu)?

7. Trinh bay thuat toan va cai dat chuong trinh thuc hién cac céng viéc sau trén cay nhij
phéan:

a) Tinh s6 nut la cua cay.

b) Tinh s6 nuat trung gian cla cay.

c) Tinh chiéu dai dudng di t6i mot nat c6 khéa la K trén cay.
d) Cho biét cap clia mét nat cé khoa la K trén cay.

8. Trinh bay thuéat toan va cai dat chuong trinh thuc hién céng viéc tao cay nhi phan
tim ki€m ma khoa cua cac nat la khéa cua cac nat trong mét danh sach lién két doéi
sao cho t6i uu héa bé nhd. Biét rang, danh sach lién két doéi ban dau khéng can thiét
sau khi tao xong cay nhi phan tim ki€ém va gid s& khéng cho phép su trung khoéa
gita cac nut trong cay.

9. V&i yéu cau trong bai tap 8 & trén, trong trudng hdp néu danh sach lién két c6 nhiéu
nat cé thanh phan di lieu giéng nhau, ban hay dé xuét phuong an gidi quyét dé
khong bi mat du liéu sau khi tao xong cay nhi phan tim ki€m.

10. Trinh bay thuat toan va cai dat chuong trinh thyc hién céng viéc chuyén cay nhi
phan tim ki€ém thanh danh sach lién két déi sao cho t6i uu héa bé nhdé. Biét rang,
cay nhi phan tim kiém ban dau khéng can thiét sau khi tao xong danh sach lién két
(ngugc véi yéu cau trong bai tap 8).

11. Trinh bay thuat toan va cai dat chuong trinh thuc hién céng viéc nhéap hai cay nhi
phan tim kiém thanh mét cay nhi phan tim ki€ém duy nhat sao cho t&i uu boé nhé. Biét
rang, hai cay nhi phan tim ki€ém ban dau khéng céan thiét sau khi tao xong cay mdi.
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ON TAP (REVIEW)

Hé théng lai cac Cau truc dif liéu va cac Giai thu[ COM P L E TE D

Chuong 1: Téng quan vé Cau Tric Dit Liéu va Giai Thuat
1. Tam quan trong ctia Cau tric dif liéu va Giai thuat trong mot dé an tin hoc
1.1. Xay dung C&u trac du liéu
1.2. Xay dung Giai thuat
1.3. M@&i quan hé gitta C4u trac du liéu va Giai thuat
2. Panh gia Cau trac dif liéu va Giai thuat
2.1. Cac tiéu chuéan danh gia Cau trac di liéu
- Thai gian thuc hién
- Mtc dé tiéu tén bé nhé
- Tinh thuc té
2.2. Bbanh gia do phtc tap cta thuat toan
3. Kiéu dif licu
3.1. Khai niém vé Kiéu dif liéu
T=(V,O)
3.2. Céac kiéu di liéu cd sd
- Nguyén
- Thuc
- Ky tu
3.3. Céac kiéu dif liéu cé cau trac
- Méng
- C&u trac (struct)
3.4. Kiéu di lieu con trd

T * Pt;

3.5. Kiéu di liéu tap tin COMPLETED
FILE * Fp;
int Fh;

Chuong 2: Ky thuat tim ki€ém (Searching)
1. Khai quat vé tim ki€m
2. Cac giai thuat tim ki€m noi (tim ki€m trén day)
2.1. Tim tuyén tinh (Linear Search)
Duyét to dau dén cudi mang dé tim
2.2. Tim nhj phan (Binary Search)
Duyét tung nira cac phan tu, chi ap dung cho mang da cé thu ty.
3. Cac giai thuat tim ki€m ngoai (tim ki€m trén tap tin)
3.1. Tim tuyén tinh (Linear Search)
Duyét tir dau dén cudi file dé tim
3.2. Tim ki€m theo chi muc (Index Search)
Duyét tir dau dén tap tin chi muc dé 1ay di liéu trong tap tin di liéu.

Chuong 3: Ky thuat sap xép (Sorting)
1. Khai quat ve sap xép
2. Cac phuong phap sidp xép ndi (sap xép day)
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2.1. Sép xé€p bang phuong phap déi ché (Exchange)
- N&i bot (Bubble Sort)
- Phan hoach (Quick Sort)

2.3. Sap x€p bang phuong phap chon (Selection)
Chon tryc ti€p (Straight Selection Sort)

2.4. Sap x€p bang phuong phap chén (Insertion)
- Chén tryc ti€p (Straight Insertion Sort)

2.5. Sap x€p bang phuong phap tron (Merge)
- Trén truc ti€p (Straight Merge Sort)
- Trén ty nhién (Natural Merge Sort)

3. Cac phuong phap sap x&p ngoai (sap x&p tap tin)

3.1. Sap x€p bang phuong phap tron

- Trén truc ti€p (Straight Merge Sort)

- Tron ty nhién (Natural Merge Sort) COMPLETED
3.2. Sap x€p theo chi muc
Chuong 4: Danh sach (List)
1. Khai niém vé danh sach
2. Cac phép toan trén danh sach
3. Danh sach dac (Condensed List)

3.1. Dinh nghia
3.2. Biéu dién va Céac thao tac

const int MaxLen = 10000; // hoac: #define MaxLen 10000
int Length;
T CD_LIST[MaxLen];// hodac: T * CD_LIST = new T[MaxLen];
3.3. Uu nhugc diém va Ung dung
4. Danh sach lién két (Linked List)
4.1. Binh nghia
4.2. Danh séach lién két don (Singly Linked List)

typedef struct SLL_Node
{ T Key;
SLL_Node * NextNode;
} SLL_OneNode;

typedef SLL_OneNode * SLL_Type;
4.3. Danh séach lién két kép (Doubly Linked List)

typedef struct DLL_Node
{ T Key;
DLL_Node * NextNode; COMPL ETED
DLL_Node * PreNode;
} DLL_OneNode;

typedef DLL_OneNode * DLL_Type;
4.4. Uu nhudc diém cua danh sach lién két
5. Danh sach han ché
5.1. Hang dgi (Queue)

typedef struct Q_C
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{ int Len; //Chiéu dai hang dgi
int Front, Rear;
T * List;// N6i dung hang dgi
} C_QUEUE;

C_QUEUE CQ_List;
5.2. Ngan xép (Stack)

typedef struct S_C
{ int Size; //Kich thudéc ngan xép
int SP;
T * List;// N6i dung ngan xép
\ C_STACK;

C_STACK CS_List;

Chuong 5: Cay (Tree)
1. Cac khai niém
2. Cay nhi phén (Binary tree)
2.1. Dinh nghia
2.2. Biéu dién va Cac thao tac

typedef struct BinT_Node
{ T Key;
BinT_Node * BinT_Left;
BinT_Node * BinT_Right;
} BinT_OneNode;

typedef BinT_OneNode * BinT_Type;
2.3. Cay nhi phan tim kiém (Binary Searching Tree)

typedef struct BST_Node
{ T Key;
BST_Node * BST_Left;
BST_Node * BST_Right;
} BST_OneNode;

typedef BST_OneNode * BST_Type;
3. Cay can bang (Balanced tree)
3.1. binh nghia

typ{ed_[e_f Ks;;jct BAL_Node COMPL ETED

int Bal;

BAL_Node * BAL_Left;
BAL_Node * BAL_Right;
} BAL_OneNode;

typedef BAL_OneNode * BAL_Type;
3.2. Céac thao tac
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Cau hdi va Bai tap é6n tap téng hop

1.

Phan biét vé cau tric du liéu, y nghia va tac dung gitta: danh sach lién két doi, danh
sach da lién két c6 hai mai lién két va cay nhi phan?

. Hay s dung c&u trac di liéu thich hgp dé luu trir cac s6 nguyén cé dau cé gia tri

tuyét déi qua 16n trong bé nhd trong cua may tinh. VGi cdu truc da liéu nay, hay
trinh bay thuat toan va cai dat chuong trinh thuc hién viéc cdng, tra, nhéan, chia
nguyén, ldy du, so sanh cac s6 nguyén cé gia tri I6n nay.

. Hay s dung cau truc di liéu thich hgp dé luu trit do6 dai dudng di gitta cac Thanh

phé véi nhau trong mot quéc gia vao trong bé nhé trong cia may tinh. Véi cdu trac
dw liéu nay, hay trinh bay thuat toan va cai dat chuong trinh thyc hién viéc liét ké tat
cd cac dudng di to Thanh phé A dén Thanh phé B? Pudng di nao la dudng di ngén
nhat?

. Cac van ban dugc luu trr thanh ting dong trén céc file van ban, méi dong cé chiéu

dai khéng qua 127 ky tu. Hay dé xuat c&u trac di liéu thich hgp dé luu tri trong bo
nhd trong clia may tinh tan sudt xudt hién cla cac tu trong tap tin van ban nay. Véi
cau truc du liéu nay, hay trinh bay thuéat toadn va cai dat chuong trinh thuc hién viéc
théng ké xem cac tu trong file van ban xuat hién véi tan sudt nhu thé nao? Cho biét
van ban cé bao nhiéu tu, bao nhiéu tén tu?

. Cac van ban dugc luu tri thanh ting dong trén céac file van ban, mébi dong cé chiéu

dai khéng qua 127 ky tu. Hay dé xuéat cau trac di liéu thich hgp dé luu trit trong bo
nhé trong clia may tinh cac dong van ban trong tap tin van ban nay (c6 thé bé nhé
khéng du dé luu toan bé noéi dung tap tin van ban nay vao trong bé nhé trong clia
may tinh). V&i cdu trac du liéu nay, hay trinh bay thuat toan va cai dat chuong trinh
thuc hién viéc hién ndi tap tin van ban nay theo ting trang man hinh sao cho ching
ta c6 thé st dung cac phim Pglp/PgDn dé lat 1én/xuéng theo ting trang man hinh va
st dung cac phim Up-arrow/Down-arrow dé cho tréi lén/xuéng tiing dong van ban
trén man hinh? Cho biét van ban c6 bao nhiéu dong?

. Hay st dung cédu trac dir liéu thich hgp dé luu trit cac ma tran thua (ma tran ma chi

yéu gia tri cac phan ti bang 0) trong boé nhé trong cia may tinh. V&i cdu trac di lieu
nay, hay trinh bay thuéat toan va cai dat chuong trinh thyc hién viéc cong, tru, nhan
hai ma tran thua véi nhau, tao ma tran thua chuyén vi tr mét ma tran thua khac.

. Hay st dung céau trac di liéu thich hgp dé luu trir Gia pha cia mét dong ho nao dé

trong boé nhd trong ciia may tinh. Véi cdu trac di liéu nay, hay trinh bay thuat toan
va cai dat chuong trinh thyc hién viéc kiém tra xem 02 ngudi cé tén la X va Y cé
phai la hai anh em ruét hay khéng? Néu khong phai thi ai c6 “vai vé&” cao hon? Gia
si rang mdi cap vg chdéng c6 khéng qua 05 ngudi con.

. Hay st dung c&u trac di liéu thich hgp dé luu trit mét hé théng Menu cé nhiéu muc

chon, nhiéu cédp trong bé nhé trong ciia may tinh. Véi cau trac di liéu nay, hay trinh
bay thuat toan va cai dat chuong trinh thyc hién viéc cho menu xuat hién trén man
hinh va cho phép ngudi s dung chon mét chiic nang nao dé cia menu.

. K&t hgp cdu truc di liéu & trong bai tap va 4, 5 va 8. Hay trinh bay thuéat toan va cai

dat chuong trinh thyc hién cac chlic ndng cia mét phan mém soan thao van ban
don gian?
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10. Hay s dung c&u trac di liéu thich hgp dé luu trit cac t clia mot tir dién vao trong
tap tin c6 tén DICT.DAT. Théng tin giai nghia vé mot th bao géom: Tén tu, Loai tu
(Danh tu, dong tu, tinh ti, ...), nghia ti€ng Viét.

a) St dung tap tin chi muc dé liét ké cac tu theo thi ty Alphabet (A -> Z).

b) Hay dé xuét c&du trac di liéu thich hgp dé luu trit trong bé nhé trong clia may tinh
théng tin gidi nghia clia cac tu trong tap tin DICT.DAT nay (c6 thé bé nhé khong
du dé Iuu toan bo noéi dung tap tin DICT.DAT nay vao trong bé nhé trong ciia may
tinh). V&i cdu trac du liéu nay, hay trinh bay thuat toan va cai dat chuong trinh
thyc hién viéc tra nghia cho mét tu. Ngoai ra, ta cé thé si dung cac phim
PgUp/PgDn dé€ lat 1én/xudng theo ting trang (do minh quy dinh) man hinh va s
dung cac phim Up-arrow/Down-arrow dé cho tréi lén/xuéng ting ti trén man
hinh? St dung céu trac di liéu thich hgp dé luu trit trong bé nhé trong cac tu da
dudgc tra nghia.

11. Ngudi ta luu trid cac hé s6 ciia mot da thiic bac n thanh cac dong van ban trong file
DATHUC.DAT theo nguyén tdc: Méi dong la hé s6 va s6 ma cua 1 da thac va cac hé
s6 va s6 ma nay cach nhau it nhat la mét khoang tréng.

Hay s dung cau trac di liéu thich hgp dé luu trit mot da thic vao trong bé nhé
trong cua may tinh. V&i cdu trac di liéu nay, hay trinh bay thuat toan va cai dat
chuong trinh thyc hién cac céng viéc sau:

- Xuat cac da thuc trong file DATHUC.DAT ra man hinh;
- Tinh da thic téng, da thic hiéu clia cac da thic nay;
- Tinh da thic tich cda cac da thic nay.

12. Mét hinh vuéng cé do dai canh la a dugc t6 02 mau: trdng va den. Ngudi ta ti€n
hanh chia hinh vuéng nay thanh 04 hinh vuéng con déu nhau va ghi nhan vj tri cda
chung trong hinh vuéng I6n. Néu trong méi hinh vuéng con chi gém toan mau tréng
hoac mau den thi gitt nguyén, cén néu trong hinh vuéng con con cé 02 mau thi tiép
tuc chia hinh vuéng con nay thanh 04 hinh vuéng con nhdé hon va ghi nhéan vi tri, ..,
cl nhu vay sau moét s6 hitu han phép chia sé két thac viéc chia. Hay st dung cau
trac d liéu thich hgp dé luu tri cac hinh vuéng nay vao trong bé nhé trong ctia may
tinh. V&i cdu trac du liéu lya chon, hay trinh bay thuat toan va cai dat chuong trinh
thuc hién cac céng viéc sau:

- Tinh téng s6 hinh vuéng tao thanh qua céac lan chia.

- Tinh téng s6 hinh vuéng mau trdng, mau den va téng dién tich tuong (ng cua
chung.

- Tai tao lai hinh vuéng ban dau.

13. Binh nghia c&u trac di liéu thich hgp dé luu trir cac gia tri trong tam giac Pascal
vao trong boé nhé trong cuia may tinh. Vi cau trac di liéu nay hay trinh bay thuéat
toan va viét chuong trinh thyc hién cac céng viéc sau:

- In tam giac Pascal c6 N dong ra man hinh.
- In va tinh gia tri biéu thitc (a+b)" ra man hinh.

14. Trinh bay thuéat toan va viét chuong trinh thuc hién céng viéc minh hoa (Demo) qua
trinh thyc hién tat ca céac thuéat toan da hoc.
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IV. HUGNG DAN SU DUNG TAI LIEU THAM KHAO

1. Cau trac dif liéu
Téac gia: Nguyén Trung Truyc
Khoa CNTT, trusng BHBK TP.HCM
2. Giao trinh Cau trac dit liéu 1
Tac gia: Tran Hanh Nhi - Ducng Anh Buc
Khoa CNTT, trusng BPHKHTN - PHQG TP.HCM
3. Algorithms + Data Structures = Programs
Tac gia: N.Wirth
NXB: Prentice Hall, 1976
4. Data Structures and Algorithms
Tac gia: Alfred V.Aho - John E.Hopcroft — Jeffrey D.Ullman
NXB: Addison-Wesley Publishing Company
5. Algorithms (Second Edition)
Téac gia: Robert Sedgewick
NXB: Addison-Wesley Publishing Company
6. Data Structures and Program Design (Third Edition)
Tac gia: Robert L.Kruse
NXB: Prentice Hall
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