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Giao trinh: Cau True Dn"Liéu va Giai Thuat
Chuong 1: TONG QUAN VE CAU TRUC d@ liéu vA giai thuat

1.1. Tam quan trong cOa cau trGc d@ liéu va giai thuat trong mot
dé an tin hoc

1.1.1. Xay dung cdu trac d& liéu

C6 thé noi rang khong c6 mot chwong trinh may tinh nao ma khong co dir' lieu dé xi ly.
D@ liu c6 thé la du liéu dira vao (input data), di' liéu trung gian héac di liéu dira ra
(output data). D6 vay, viéc t6 chic dé lwu trir dit liéu phuc vu chd chwong trinh c6 y
nghia rat quan trong tréng téan bé hé théng chuwong trinh. Viéc xay dung cdu truc dir
liéu quyét dinh rat lon dén chat lvong cung nhu céng stic cua nguwoi lap trinh trong viéc
thiét ké, cai dat chwong trinh.

1.1.2. Xay dung giai thuat

Khai niém giai thuat hay thuat giai ma nhiéu khi cén dwoc goéi la thuat téan dung dé chi
phvong phap hay cach thitc (méthod) dé giai quyét van dé. Giai thuat cé thé dwoc minh
hdéa bang ngdén nglr tv nhién (natural languagé), bang so dé (flow chart) héac bang ma
gia (pséudo6 co6dé). Trong thuc té, giai thuat thuong dwoc minh hoa hay thé hién bang
ma gia twa trén mot hay mot s6 ngon ngl lap trinh naé doé (thwong la ngébn ngu ma
nguoi lap trinh chdn dé cai dat thuat téan), chang han nhuw C, Pascal, ..

Khi da xac dinh dwoc cau truc di liéu thich hop, nguoi lap trinh sé bat dau tién hanh
xay dung thuat giai twong (*ng théd yéu cau cla bai téan dat ra trén co so cla cau truc
di* liu da dwoc chdén. Dé giai quyét mot van dé co thé c6 nhiéu phvong phap, do vay
su’ lyd chon phuong phap phu hop la mot viéc ma nguwoi lap trinh phai can nhac va tinh
téan. Suv lva chén nay cung cO thé gép phan dang ké trong viéc giam bot cong viéc
cua nguoi lap trinh tréng phan cai dat thuat téan trén moét ngén ngl cu thé.
1.1.3. MG6i quan hé gil*a cau trac dir liéu va giai thuat
Mo6i quan hé giva cau truc dit liéu va Giai thuat c6 thé minh héa bang dang thuc:

Cau truc duv liéu + Giai thuat = Chuwong trinh
Nhu vay, khi da cé cau truc di liu toét, nam virng giai thuat thuc hién thi viéc thé hién
chwong trinh bang mét ngén ngw cu thé chi la van dé thoi gian. Khi ¢6 cau truc di liéu
ma chuwd tim rd thuat giai thi khéng thé cd chuong trinh va nguoc lai khong thé co
Thuat giai khi chua c6 Cau truc duv liéu. M6t chuong trinh may tinh chi cé thé dwoc hdan
thién khi c6 day du ca Cau truc du liéu dé lwu tre dir liéu va Giai thuat xw ly div ligu
théd yéu cau cua bai téan dat ra.

1.2. Banh gia cau trdc du liéu va giai thuat
1.2.1. Céac tiéu chuén danh gia cdu truc d¥ liéu

Dé danh gia mot cau truc duv liéu chung ta thwong dua vadé mét s6 tiéu chi sau:

- Cau truc du liéu phai tiét kiém tai nguyén (bé nho tréng),
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Giao trinh: Cau Tric Dn"Liéu va Giai Thuéat
- Cau trac div lieu phai phan anh dang thuc té cua bai toan,

- Cdau trac dir lieu phai dé dang trong viéc thao tdc di liéu.
1.2.2. Panh gia d6 phwec tap cua thuat toan

Viéc danh gia do phitc tap cla mot thuat toan qua khéng dé dang chut nao. O day,
chung td chi muén @dc I*Ong thei gidn thwc hién thian toan T(n) dé c6 thé cd suv so
sdnh tlrong doi giltd cac thadat toan voi nhau. Trong thuc té, thoi gian thiic hién mot
thuat toan con phu thuoc rat nhiéu vao cac diéu kién khac nhit cdu tdo cua may tinh,
di liéu dixad vao, .., @ day chung td chi xém xét trén miic do cua liong di¥ lieu d*a vao
bdn dau cho thuat toan thuc hién.

bé koc lrong thoi gidn thwe hién thaat toan chung td co thé xém xét thoi gidn thwc hién
thaat toan trong hai trirong hop:

- Trong triiong hop tot nhat: Tmin
- Trong tritong hop xau nhat: Tmax
Tl do chung t4 co thé Goc Ikong thei giadn thwce hién trung binh cua th(at toan: Tavg
1.3. Kiéu di¥ liéu
1.3.1. Khai niém ve kiéu d& liéu
Kiéu dit liéu T co thé xém nh{ 1a su két hop cua 2 thadnh phan:
- Mién gia tri ma kiéu di liéu T co thé lou triv: V,
- Tap hop cadc phép toan dé thao tac di liéu: O.
T=<, 0>
Moi kiéu di liéu thirong dirodc dai dién bdi mot tén (dinh danh). Moi phan tir di* liéu co

kiéu T sé co gia tri trong mién V va co thé dirdc thwc hién cac phép toan thuoc tap hop
cac phép toan trong O.

bé Iitu trir cac phan tl div lieu nay thirodng phai ton mot so byté(s) trong bo nho, so
byté(s) nay goi la kich thitoc cua kiéu di liéu.

1.3.2. Cé&c kiéu dir liéu co s¢

Hau hét cdc ngon ngir 14p trinh déu co cung cdp cac kiéu di liéu co s¢. Tuy vdo moi
ngon ngl* ma cac kiéu dir liéu co so co thé co cac tén goi khdc nhau song chung quy
l4i co nhitng loai kiéu dit liéu co so nhir sau:
- Kiéu so nguyén: co thé co dau hoac khong co dau va thirong co cac kich thirdc sau:
+ Kiéu so nguyén 1 byté
+ Kiéu so nguyén 2 bytés
+ Kiéu so nguyén 4 bytés

Kiéu so nguyén thitong di*rdc thuc hién voi cdc phép toan: O = {+, -, *, /, DIV, MOD, <
> <=, >z, T uo}
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Gido trints: Chw Trie Dic Litw va Gidi Thudt
- Kiéu sé thyc: Thudng cé cac kich thuéc sau:

+ Kiéu sé thuyc 4 bytes

+ Kiéu sé thuyc 6 bytes

+ Kiéu sé thyc 8 bytes

+ Kiéu sé thyc 10 bytes
Kiéu s8 thuc thudng dudc thyc hién véi cac phép toan: O = {+, -, *, /, <, >, <=, >=, =, ..}
- Kiéu ky tu: C6 thé cé cac kich thudc sau:

+ Kiéu ky tu byte

+ Kiéu ky tu 2 bytes

Kiéu ky ty thudng dugc thyc hién v38i cac phép toan: O = {+, -, <, >, <=, >=, =, ORD,
CHR, ..}

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

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

- Kiéu luén ly: Thuéng c6 kich thuéc 1 byte
Kiéu luén ly thuéng dugc thyc hién véi cac phép toan: O = {NOT, AND, OR, XOR, <, >,
<=, >=, =, w}

1.3.3. Cdc kiéu dia 1iéu co6 cdu tric

Kiéu dif liéu cé cédu tric 14 cac ki€u di liéu duge xay dyng trén cd sé cac kiéu di liéu
da c6é (c6 thé lai 14 mét ki€u di liéu cé cdu tric khac). Tuy vao tiing ngén ngi lap
trinh song thudéng cé cac loai sau:

- Kiéu mang hay cén goi la day: kich thuéc bing téng kich thuéc cia cac phéan td

- Kiéu ban ghi hay c4au trac: kich thuéc bang téng kich thuéc cac thanh phan (Field)

1.3.4. Kiéu di 1iéu con trd

Céac ngén ngi lap trinh thudéng cung cdp cho ching ta mét kiéu dif liéu dic biét dé luu
trit cac dia chi cua bé nhd, d6 la con tré (Pointer). Tuy vao loai con tré gan (near
pointer) hay con tré xa (far pointer) ma kiéu dit liéu con tré cé cac kich thuéc khac
nhau:

+ Con tré gan: 2 bytes

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

Tap tin (File) cé thé xem 14 mét kiéu dit liéu dac biét, kich thudc t8i da cia tap tin tuy
thudéc vao khéng gian dia ndi luu tri tap tin. Viéc doc, ghi di liéu tryc ti€p trén tap tin
rat méat théi gian va khéng bdo ddm an toan cho dir liéu trén tap tin dé. Do vay, trong
thuc t&€, ching ta khéng thao tac truc ti€p di liéu trén tap tin ma ching ta can chuyén
tiing phan hodc toan bé néi dung cida tap tin vao trong bé nhé trong dé xi ly.
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Gido trints: Chw Trie Dic Litw va Gidi Thudt
Céu hdi va Bai tap

1. Trinh bay tdm quan trong cua Cé&u truc di liéu va Giai thuat déi vSi ngudi 1ap trinh?

2. Cac tieu chudn dé danh gia cdu tric di liéu va giai thuat?

3. Khi xay dyng giai thuat cé can thiét phai quan tam tdi c4u truc dd liéu hay khéng?
Tai sao?

4. Liét ké cac kiéu di liéu cd sd, cac kiéu di liéu ¢6 cdu tric trong C, Pascal?

5. St dung cac kié€u di liéu co ban trong C, hay xay dung céu tric di liéu dé luu triy
trong bé nhd trong (RAM) ciia may tinh da thitc c6 béac ty nhién n (0 < n < 100) trén
trudng sé thuc (a;, x € R):

n

m(x) = Z a,x’

i=0

V&i cdu tric di liéu duge xay dung, hay trinh bay thuat toan va cai dat chuong trinh dé
thuc hién cac c¢éng viéc sau:

- Nhap, xuét cac da thiec.
- Tinh gia tri cda da thic tai gia tri x, nao dé.
- Tinh téng, tich cla hai da thic.

6. Tuong ty nhu bai tap 5. nhung da thic trong truéng sé hiiu ty Q (cac hé s a va x la
cac phan sé c6 td s6 va méu sé la cac sé nguyén).

7. Cho bang gid tau di tir ga Saigon dén cac ga nhu sau (ga cuéi la ga Ha néi):

TAU Bl S2 S4 S6 S8 S10 S12 S14 S16 S18 LH2 | SN2
HANH TRINH | 32 gis | 41 gis | 41 gis | 41 gis | 41 gis | 41 gis | 41 gi5 | 41 gis | 41 gi§ | 27gi | 10g30
SAIGON PI | 21900 | 21950 | 11g10 | 15940 | 10g00 | 12930 | 17900 | 20400 | 22420 | 13920 | 18940
MUGNG MAN 2910 | 15921 | 19953 | 14907 | 16g41 | 21904 | 1915 | 3g16 | 17935 |22458
THAP CHAM 5901 | 18906 | 22947 | 16943 | 19919 | 0908 | 4905 | 6403 | 20419 | 2415
NHA TRANG | 4910 | 6947 | 20g00 | 0g47 | 18950 | 21910 | 1g57 | 5g42 | 8q06 | 22946 | 5415
TUY HOA 9943 | 23909 | 3939 | 21g53 | 0g19 | 5gl1 | 8g36 | 10g50 | 2g10
DIEd TRI 8g12 | 11g49 | 1920 | 5946 | 0g00 | 2930 | 7409 | 10942 | 13g00 | 4915
QUANG NGAI 15g41 | 4g55 | 9g24 | 3g24 | 5955 | 11g21 | 14g35 | 17904 | 7434
TAM KY 6g11 | 10939 | 44938 | 7910 | 12940 | 1608 | 18921 | 9403
PA NANG | 13927 | 19904 | 8929 | 12920 | 6919 | 9g26 | 14941 | 17943 | 20417 | 10453
HUE 16921 | 22g42 | 12929 | 15947 | 11g12 | 14932 | 18g13 | 21g14 | 23950 | 15910
PONG HA 0gl4 | 13g52 | 17g12 | 12g42 | 16905 | 19938 | 22939 | 1925
PONG HOI | 19915 | 2927 | 15952 | 19946 | 14941 | 17959 | 21938 | 0g52 | 3g28
VINH 23g21 | 7g45 | 21g00 | 1908 | 20912 | 23950 | 2959 | 7907 | 9920
THANH HOA 10g44 | 0g01 | 4g33 | 23909 | 3933 | 6939 | 9959 | 12920
NINH BINH 12904 | 1928 | 5g54 | 0g31 | 4950 | 7957 | 1igl2 | 13g51
NAM PINH 12937 | 2901 | 6926 | 1g24 | B5g22 | 8g29 | 11g44 | 1425
PHO LY 13g23 | 2g42 | 7908 | 2902 | 6900 | 94909 | 12g23 | 15906
PENHA NOI | 5g00 | 14940 | 4900 | 8930 | 3915 | 7910 | 10925 | 13945 | 16920

St dung cac kiéu dif liéu ¢ ban, hay xay dung cau tric di liéu thich hgp dé luu trid
bang gid tau trén vao bé nhd trong va bé nhd ngoai (disk) ciia may tinh.

Véi cdu triac di lieu da dudc xay dung & trén, hay trinh bay thuat toan va cai dat
chuong trinh dé€ thyc hién cac céng viéc sau:

- Xuat ra gié dén cia mét tau Ty nao dé tai mét ga Gy nao déb.
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Gido trints: Chw Trie Dic Litw va Gidi Thudt

- Xuat ra gid dén cac ga cua mét tau Ty nao do.

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

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

- Dong “HANH TRINH” ghi nhan téng s& gid tau chay ti ga Saigon dén ga Ha noi.

8. Tuong ty nhu bai tdp 7. nhung ching ta can ghi nhan thém théng tin vé doan tau khi
ding tai cac ga chi dé€ tranh tau hay dé cho khach lén/xuéng (cdc dong in nghiéng
tuong (ttng véi cdc ga c6 khach len/xuéng, cac dong khdc chi ding dé tranh tau).

9. St dung kiéu dif liéu c&u tric trong C, hay xay dung céau trac di liéu dé luu tri trong
bé nhd trong (RAM) cia may tinh trang thai cia cac ¢6t dén giao théng (cé 3 den:
Xanh, B4d, Vang). V&i cau trac di liéu da dude xay dung, hay trinh bay thuat toan va
cai dit chuong trinh dé mé phdéng (minh hoa) cho hoat déng cliia 2 cét dén trén hai
tuyén dudng giao nhau tai mét nga tu.

10. St dung céc kiéu dif liéu cd ban trong C, hay xay dyng céu tric di liéu dé luu tri
trong bé nhg trong (RAM) cia may tinh trang thai cia mét ban ¢ CARO c6 kich
thusc MxN (0 <M, N < 20). V3i cau tric di liéu duge xay dung, hay trinh bay thuat
toan va cai dit chuong trinh dé thyc hién cac cong viéc sau:

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

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

Trong thyc t&€, khi thao tac, khai thac di liéu chung ta hau nhu ldc nao cing phai thyc
hién thao tac tim kiém. Viéc tim ki€m nhanh hay chdm tuy thuéc vao trang thai va trat
ty ctia dif liéu trén dé. K&t qua cda viéc tim kiém cé thé la khéng <6 (khéng tim thay)
hodc cé (tim thdy). Néu két qua tim ki€m la cé tim thay thi nhiéu khi ching ta con phai
xac dinh xem vj tri cia phan ta d@ liéu tim thay la & dau? Trong pham vi cua chucng
nay ching ta tim cach gidi quyét cac cau hdi nay.

Trudc khi di vao nghién ctu chi tiét, chung ta gia su rdng madi phan t¢ di liéu dugc
xem xét cé6 mot thanh phan khéa (Key) dé nhan dién, <6 ki€u di liéu la T nao dé, cac
thanh phan con lai la théng tin (Info) lién quan dé&n phan t& da liéu d6. Nhu vay méi
phan t& da liéu cé cau trac di liéu nhu sau:

typedef  struct DataElement
{ T Key;
InfoType Info;

} DataType;
Trong tai liéu nay, khi néi téi gia tri cia moét phan tu da liéu chung ta muén néi téi gia
tri khéa (Key) cuia phan ti di liéu dé. D€ don gian, chiung ta gia si rang méi phan td
d@ liéu chi la thanh phan khéa nhan dién.
Viéc tim ki€m mét phan ti cé thé dién ra trén mét day/mang (tim ki€m néi) hodc dién
ra trén mét tap tin/ file (tim ki€ém ngoai). Phan t& can tim l1a phan t& can thda man diéu
kién tim ki€m (thudng c6 gia tri bdng gia tri tim ki€m). Tuy thuéc vao tiung bai toan cu
thé ma diéu kién tim ki€ém cé thé khac nhau song chung quy viéc tim kiém di liéu
thudng dudc van dung theo cac thuét toan trinh bay sau day.

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

Gia st chung ta c6 moét mang M géom N phéan tu. Van dé dat ra la c6 hay khéng phan t&
c6 gia tri bang X trong mang M? Néu cé thi phan ti cé gia tri bang X la phan tu thg
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 tudng:
Lan lugt so sanh cac phan ti cia mang M vdi gia tri X bat dau to phan t& dau tién
cho dén khi tim dén dudc phan ti cé gia tri X hodc da duyét qua hét tat ca cac phan
ti cia mang M thi két thuc.
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b. Thudt todn:

Bl: k =1 //Duyét t0 dau mang
B2: IF M[k] # X AND k <N //Néu chua tim thay va cing chua duyét hét mang
B2.1: k++
B2.2: Lap lai B2
B3:IF k<N
Tim th&y tai vi tri k
B4: ELSE
Khéng tim thdy phan ti c6 gia tri X
B5: Két thuc

c. Cai ddt thudt todn:
Ham LinearSearch cé prototype:

int LinearSearch (T M][],int N, T X);

Ham thyc hién viéc tim ki€m phan t& cé gia tri X trén mang M cé N phan td. Néu tim
thdy, ham trd vé mét s6 nguyén cé gia tri tod O dén N-1 14 vi tri tuong ung cia phan
tt tim thdy. Trong trudng hdp ngudc lai, ham tra vé gia tri -1 (khéng tim thay). Noi
dung cda ham nhu sau:
int LinearSearch (T M[],int N, T X)
{ int k = 0;
while (M[K] 1= X && k < N)
K++;
if (k < N)
return (k);
return (-1);

)
d. Phdn tich thudt todn:
- Trudng hgp tét nhat khi phan ti dau tién ciia mang cé gia tri bang X:
S6 phép gan: Gmin = 1
S6 phép so sénh: Smin =2+ 1 =3
- Trudng hdp x4u nh&t khi khéng tim thay phan ti nao cé gia tri biang 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 thuét toan trén, 8 méi budc 1dp ching ta can phai thuc hién 2 phép so sanh dé
kiém tra sy tim thay va ki€ém soat su hé&t mang trong quéa trinh duyét mang. Chung ta
cé thé gidm bét 1 phép so sanh néu ching ta thém vao cudi mang moét phan td cdm
canh (sentinel/stand by) cé gia tri bidng X dé nhan dién ra sy hét mang khi duyét
mang, khi dé thuat toan nay dudc cai tién lai nhu sau:
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Bl: k=1
B2: M[N+1] = X //Phan td cdm canh
B3: IF M[K] = X
B3.1: k++
B3.2: Lap lai B3
B4:IF k < N
Tim th&y tai vi tri k
B5: ELSE //k = N song dé chi la phan t& cam canh
Khéng tim thdy phan td c6 gia tri X
B6: Két thuc

Ham LinearSearch dudc viét lai thanh ham LinearSearch1 nhu sau:

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

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

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

- Trudng hdp x4u nh&t khi khéng tim thay phan t nao cé gia tri biang X:

S6 phép gan: Gmax = 2
S6 phép so sénh: 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 thuét toan nguyén thay.

2.2.3. Timnhi phdn (Binary Search)

Thuét toan tim tuyén tinh td ra don gian va thuén tién trong trudng hgp sé phan td cua
day khéng 16n 1dm. Tuy nhién, khi s6 phan ti cda day kha 1dn, chédng han ching ta tim
ki€ém tén mét khach hang trong mét danh ba dién thoai cia mét thanh phé 16n theo
thuat toan tim tuan ty thi qua thuc mat rat nhiéu thdgi gian. Trong thyc té&, théng thusng
cac phan tu cia day da cé mét thy ty, do vay thuat toan tim nhi phan sau day sé rut
ngdn dang ké thdi gian tim kiém trén day da cé thi ty. Trong thuéat toan nay ching ta
gia su cac phan tu trong day da cé thyd ty tdng (khéng giam dan), tuc la cac phan t@
ddng trudc luén cé gia tri nhd hon hodc biang (khéng Ion hon) phan td didng sau né.
Khi dé, néu X nhd hon gia tri phan ti diing & gita day (M[Mid]) thi X chi cé thé tim
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thdy & nia dau ctia day va ngudgc lai, néu X 16n hon phan t& M[Mid] thi X chi cé thé tim
thdy & nda sau cua day.

a. Tu tudng:

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

So sanh gia tri X vdi gia tri phan td ding & gitta cua day M la M[Mid].

Néu X = M[Mid]: Tim thay

Néu X < M[Mid]: Rat ngédn pham vi tim ki€ém vé ntta ddu cua day M (Last = Mid-1)
Né&u X > M[Mid]: Rut ngédn pham vi tim ki€m vé nua sau cia day M (First = Mid+1)

Lap lai qua trinh nay cho dén khi tim thdy phan t& cé gia tri X hodc pham vi tim
ki€m cia ching ta khéng cén nita (First > Last).

b. Thudt todn dé quy (Recursion Algorithm):

B1: First = 1
B2: Last = N
B3: IF (First > Last) //Hét pham vi tim kiém

B3.1: Khéng tim thdy

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])

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

Tim dé quy tu First = Mid + 1 dén Last
Bkt: K&t thuc

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

Ham thyc hién viéc tim kiém phan ta co6 gia tri X trong mang M <6 N phan td da co
th ty tdng. N&u tim thdy, ham tra vé moét sé nguyén co gia tri to 0 dén N-1 la vi tri
tuong Ung cua phan tu tim thdy. Trong trudng hgp ngudc lai, ham tra vé gia tri -1
(khéng tim thdy). Ham BinarySearch s& dung ham dé quy RecBinarySearch coé
prototype:

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

Ham RecBinarySearch thyc hién viéc tim ki€ém phan tt <6 gia tri X trén mang M
trong pham vi t0 phan tu thd First dén phan t¢ thd Last. Néu tim thdy, ham tra vé
mot s6 nguyén co gia tri tu First dén Last la vi tri tuong Ung cua phan td tim thay.
Trong truéng hgp ngudc lai, ham tra vé gia tri —1 (khéng tim thdy). Néi 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));
b

d. Phdn tich thudt toan dé quy:
- Trudng hgp tét nhat khi phan ti & gitta cua mang cé gia tri bang X:

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

- Trudng hdp x4u nhat khi khéng tim thay phan ti nao cé gia tri biang X:

S6 phép gan: Gmax = logoN + 1
S6 phép so sanh: Smax = 3log:N + 1

- Trung binh:

S6 phép géan: Gavg = % logzN + 1
S6 phép so sanh: Savg = ¥2(3log:N + 3)

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

B1: First = 1
B2: Last = N
B3: IF (First > Last)
B3.1: Khéng tim thdy
B3.2: Thyc 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])
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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f. Cai dat thuéat toan khéng dé quy:
Ham NRecBinarySearch c6 prototype: int NRecBinarySearch (T M[], int N, T X);

Ham thyc hién viéc tim kiém phan t c6 gia tri X trong mang M c6 N phan ti da cé
thi tw tang. NEéu tim thay, ham tra vé mét s6 nguyén c6 gia tri t¢ 0 dén N-1 la vi tri
ttong ng cta phan t tim thdy. Trong trkdng hdop ngwQc lai, ham tra vé gia tri -1
(khdng tim thay). Néi dung cta ham NRécBinarySéarch nhir sau:

int NRécBinarySéarch (T M[], int N, T X)
{ int First = 0;
int Last =N - 1,
whilé (First <= Last)
{ int Mid = (First + Last)/2;
if (X == M[Mid])
réturn(Mid);
if (X <M[Mid])
Last = Mid - 1;
Elsé
First = Mid + 1;

réturn(-1);
}
g. Phan tich thuat toan khéng dé quy:
- Trirdng hop tét nhat khi phan tlr & gilra cila mang c6 gia tri bang X
S6 phép gan: Gmin =3
S6 phép S6 sanh: Smin =2
- Trkdng h&p xau nhat khi khdng tim thay phan tk naé co6 gia tri bang X

S6 phép gan: Gmax = 216g2N + 4
S6 phép s6 sanh: Smax = 3l6g2N + 1

- Trung binh:

S6 phép gan: Gavg = l6g2N + 3.5
S6 phép sé sanh: Savg = ~(316g2N + 3)

h. Vidu:
Gia st ta c6 day M gom 10 phan tl¢ ¢c6 khoéa nhtr sau (N = 10):
1 3 4 5 8 15 17 22 25 30

- Trivdc tién ta thirc hién tim ki€ém 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 gau 9 Falsé 8 Falsé Trué Falsé
% 3 Falsé 2 3 Falsé Falsé Trué
3 Falsé 4 Falsé Falsé Trué
3 3 3 Falsé 3 5 True
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Két qua sau 3 lan lap (dé quy) thuat toan két thuc.
- By gi0¢ ta thyc hién tim kiém phan tlr co gia tri X = 7 (khong tim thay):

Lan 1ap First Last First >Last Mid  M[Mid] X = X < X >
M[Mid] M[Mid] M[Mid]
Ban gau 9 Falsé 8 Falsé Trué Falsé
% 3 Falsé 2 3 Falsé Falsé Trué
3 Falsé 4 Falsé Falsé Trué
3 3 3 Falsé 3 5 Falsé Falsé Trué
4 4 3 True

Két qua sdu 4 lan lap (dé quy) thuat tdan két thuc.
N Luuy:

> Thudt tédn tim nhi phan chi ¢6 thé van dung trong trtdng hop dady/mang da co
thtr tw. Trong tri’ong hop tdng quat chung ta chi c6 thé ap dung thuat t6an tim
kiém tuan tu.

> CAac thuat téan dé quy cd thé ngan gon song ton kém bd nho dé ghi nhan ma
[Enh chitong trinh (mdi lan goi dé quy) khi chdy ch&ong trinh, dé vay cd thé
[dam cho ch&ong trinh chdy cham Ilai. Trong thyc té, khi viét chrong trinh néu cd
thé chung td nén si dung thuat tdan khong dé quy.

2.3. CAc gidi thuat tim ki€ m ngoai (Tim kié m trén tap tin)
2.3.1. bat van dé

Gia slr chung td c6 mot tap tin F IGu trk N phan t. Van dé dat ra 14 c6 hay khéng phan
tl c6 gid tri bang X dkroc Iku trir trong tap tin F? Néu cd thi phan tr c6 gia tri bAng X la
phan tl ndm ¢ vi tri nd06 trén tap tin F?

2.3.2. Tim tuyén tinh

a. Twtudng:

Lan Ikot doc cac phan tl t&” ddu tadp tin F va so sanh voi gid tri X ché dén khi doc
diroc phan tr co gia tri X hodc da doc hét tap tin F thi két thuc.

b. Thuét toan:

Bl:. k=0
B2: ~“wind(F) /IVé dau tap tin F
B3: réad(F, &) /IDoc mdt phan tk tir tap tin F
B4: k =k + sizé6f(T) /IVi tri phan t& hién hanh (sdu phan t& moi doc)
B5: IF & * X AND !0sof(F))
Lap lai B3
B6: IF (& = X)
Tim thay tai vi tri k byté(s) tinh t&’ dau tap tin
B7: ELSE

Khong tim thdy phan tl co gia tri X
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B8: Két thuc
c. Cai ddt thudt todn:
Ham FLinearSearch cé prototype:
long FLinearSearch (char * FileName, T X);

Ham thyc hién tim ki€m phan ti cé gia tri X trong tap tin cé tén FileName. Néu tim
thdy, ham tra vé mét s6 nguyén cé gia tri to O dén filelength(FileName) la vi tri
tuong Ung cua phan td tim thdy so véi dau tap tin (tinh bang byte). Trong trudng hop
ngudc lai, hodc cé 18i khi thao tac trén tap tin ham tra vé gia tri -1 (khéng tim thay
hodc 18i thao tac trén tap tin). N6i dung cua ham nhu sau:

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

b
fclose(Fp);

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

)
d. Phdn tich thudt todn:
- Trudng hgp tét nhat khi phan ti dau tién cua tap tin c6 gia tri bang X:

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

- Trudng hdp x4u nh&t khi khéng tim thay phan ti nao cé gia tri biang 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. Pimkiém theo chi muc (Index Search)

Nhu chang ta da biét, méi phan tu di liéu dudc luu trit trong tap tin di liéu F thudng cé
kich thudc 16n, diéu nay cing lam cho kich thudc cua tap tin F ciing kha 1én. Vi vay
viéc thao tac di liéu tryc tiép lén tap tin F sé tré nén lau, chua ké sy mét an toan cho
dir liéu trén tap tin. D€ gidi quyét van dé nay, di kém theo mét tap tin dif liéu thuéng cé
thém céc tap tin chi muc (Index File) dé lam nhiém vu diéu khién thu ty truy xuéat di
liéu trén tap tin theo mét khéa chi muc (Index key) nao d6. Mdi phan t& di liéu trong
tap tin chi muc IDX gém <6 2 thanh phan: Khéa chi muc va Vi tri vat ly cda phan td di
liéu cé khéa chi muc tucng dng trén tap tin di liéu. C4u tric di liéu cda cac phan t@
trong tap tin chi muyc nhu sau:

typedef  struct IdxElement
§ T IdxKey;
long Pos;
}dxType;

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

a. Tu tudng:

Lan lugt doc cac phan tu tir dau tap tin IDX va so sanh thanh phan khéa chi muc véi
gia tri X cho dén khi doc dugc phan tir cé gia tri khéa chi muc 16n hon hodc biang X
hodc da doc hét tap tin IDX thi két thic. Néu tim thdy thi ta da cé vi tri vat ly cda
phan t di liéu trén tap tin di liéu F, khi dé 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 ai.ldxKey = X
Tim thay tai vi tri ai.Pos byte(s) tinh tir dau tap tin
B5: ELSE
Khéng tim thdy phan td c6 gia tri X
B6: Két thic

c. Cai ddt thudt todn:
Ham IndexSearch c6 prototype:
long IndexSearch (char * IdxFileName, T X);
Ham thyc hién tim kiém phan td cé gia tri X dua trén tap tin chi muc cé tén
IdxFileName. Néu tim thdy, ham trda vé mét s6 nguyén cé gia tri t0 O dén
filelength(FileName)-1 1a vi tri tudng Gng cda phéan td tim thdy so véi dau tap tin di

liéu (tinh bang byte). Trong truéng hdp ngudc lai, hodc cé 18i khi thao tac trén tap tin
chi muc ham tra vé gia trj —1 (khéng tim thay). N6i dung cua 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 (Ifeof(IDXFp))
{ if (fread(&ai, SOIE, 1, IDXFp) == 0)
break;
if (ai.ldxKey >= X)
break;

b
fclose(IDXFp);

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

}

d. Phdn tich thudt todn:

- Trudng hgp t6t nhat khi phan t0 dau tién cua tap tin chi muc cé gia tri khéa chi
muc Idn hon hodc bang X:
S6 phép géan: Gmin = 1
S6 phép so sénh: Smin =2+ 1 =3
S6 lan doc tap tin: Dmin = 1

- Trudng hgp x&u nhat khi moi phan tu trong tap tin chi muc déu cé khéa chi muc
nhd hon gia tri X:
S6 phép gan: Gmax = 1
S6 phép so sanh: Smax = 2N + 1
S6 lan doc tap tin: Dmax = N

- 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)

Céu hdi va Bai tap
1. Trinh bay tu tudng cua cac thuat toan tim kiém: Tuyén tinh, Nhi phan, Chi muc? Cac
thuat toan nay cé thé dudc van dung trong céc trusng hgp nao? Cho vi dy?

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

Cé6 nhan xét gi cho médi trudng hgp?
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3. Trong trudng hdp cac phan tu cia day da cé thd ty tdng, hay cai tién lai thuat toan
tim tuyé&n tinh? Cai d&dt cac thuat toan cai ti€n? Danh gia va so sanh gitta thuat toan
nguyén thdy vdéi cac thuat toan cai tién.

4. Trong trudng hdp cac phan ti cia day da cé tha ty giam, hay trinh bay va cai dat lai
thuét toan tim nhj phén trong hai truéng hgp: D& quy va Khéng dé quy?

5. Van dung thuéat toan tim nhi phan, hay cai tién va cai dat lai thuat toan tim kiém dua
theo tap tin chi muc? Panh gia va so sanh gilta thuat toan nguyén thdy vdi cac thuat
toan cai tién?

6. S& dung ham random trong C dé€ tao ra mét day (mang) M cé t8i thiéu 1.000 s&
nguyén, sau dé chon ngau nhién (ciing bdng ham random) mét gia tri nguyén K. Van
dung cac thuat toan tim tuyén tinh, tim nhi phan dé tim ki€m phéan ti& cé gia tri K
trong mang M.

V&i cung mét di lidu nhu nhau, cho biét thdi gian thuc hién cac thuat toan.

7. Trinh bay va cai dit thuat toan tim tuyén tinh déi vSi cac phan t¢ trén mang hai
chiéu trong hai trudng hgp:

- Khéng st dung phan t¢ “Cam canh”.
- C6 su dung phan ta “Cam canh”.

Cho biét thdi gian thyc hién cua hai thuat toan trong hai truéng hgp trén.

8. St dung ham random trong C dé tao ra téi thiéu 1.000 s nguyén va luu trif vao mét
tap tin c6 tén SONGUYEN.DAT, sau dé chon ngiu nhién (ciing bdng ham random)
mét gia tri nguyén K. Van dung thuat toan tim tuyén tinh dé€ tim ki€m phan ti cé gia
tri K trong tap tin SONGUYEN.DAT.

9. Théng tin vé méi nhan vién bao gém: Ma sé — la mét sé nguyén duong, Ho va Bém —
la mét chédi cé t6i da 20 ky tu, Tén nhan vién — la mét chudi c6 t6i da 10 ky tu,
Ngay, Thang, Nam sinh - la cac sé nguyén ducng, Phai — La “Nam” hodc “Na”, Hé
s6 luong, Luong cdn ban, Phu cdp - la cac s6 thyc. Viét chuong trinh nhap vao danh
sach nhan vién (it nhat la 10 ngusi, khéng nhap tring ma giita 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 thuéat toan tim tuyén tinh dé tim ki€m trén tap tin NHANSU.DAT xem cé
hay khéng nhan vién c¢6 ma la K (gia tri ctia K c6 thé nhap vao tu ban phim hoac
phat sinh bidng ham random). Né&u tim thdy nhéan vién cé ma la K thi in ra man hinh
toan bé théng tin vé nhan vién nay.

10. V&i tap tin diT liéu <6 tén NHANSU.DAT trong bai tap 9, thuc hién cac yéu cau sau:

- Tao mét bang chi muc theo Tén nhan vién.

- Tim kiém trén bang chi muc xem trong tap tin NHANSU.DAT <6 hay khéng nhan
vién c6 tén la X, néu c6 thi in ra toan bé théng tin vé nhan vién nay.

- Luu trit bang chi muc nay vao trong tap tin c¢é tén NSTEN.IDX.

- Van dung thuat toan tim kiém dua trén tap tin chi muc NSTEN.IDX dé tim xem <6
hay khéng nhan vién cé tén la X trong tap tin NHANSU.DAT, néu c6 thi in ra toan
bé théng tin vé nhan vién nay.

- C6 nhan xét gi khi thyc hién tim ki€m d@ liéu trén tap tin bdng cac phuong phap:
Tim tuyén tinh va Tim kiém dya trén t4p tin chi muc.
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Gido trints: Chw Trie Dic Litw va Gidi Thudt

Chuong 3: KY THUAT SAP XEP (SORTING)

3.1. Khai quat vé sdp xép

P& thuan tién va giam thiéu théi gian thao tdc ma daic biét la dé tim ki€m di liéu dé
dang va nhanh chéng, théng thudng truéc khi thao tac thi d@ liéu trén mang, trén tap
tin da cé thyd ty. Do vay, thao tac sdp xé&p di liéu la moét trong nhitng thao tac can thiét
va thudng gap trong qua trinh luu tr&t, quan ly di liéu.
Thd ty xudt hién di liéu cé thé la tha ty tdng (khéng gidam dan) hodc thd ty giam
(khéng tang dan). Trong pham vi chudng nay chung ta sé thuc hién viéc sdp x&p da
liegu theo thur ty tdng. Viéc sdp x&p di liéu theo thd ty gidm hoan toan tuong tu.
Cé rat nhiéu thuat toan sdp xép song ching ta cé6 thé phan chia cac thuat toan sip xép
thanh hai nhém chinh can ¢ vao vi tri luu trif cia da liéu trong may tinh, dé la:

- Cac giai thuat sdp x&p thu ty néi (sdp xép thy ty trén day/mang),

- Cac giai thuat sdp x&p thu ty ngoai (sdp x&p thu ty trén tap tin/ffile).
Cang nhu trong chudng trudc, chung ta gid st rdng mdi phan tt di liéu dugc xem xét
c¢é mét thanh phan khéa (Key) dé nhan dién, cé ki€u dir liéu 1a T nao dé, cac thanh
phan con lai la théng tin (Info) lién quan dén phan t di liéu dé. Nhu vay méi phan ta
di liéu c6 cdu tric di liéu nhu sau:

typedef  struct DataElement

{ T Key;
InfoType Info;
} DataType;

Trong chudng nay néi riéng va tai liéu nay néi chung, cac thuat toan sip xép cua
chung ta la sdp x€p sao cho céac phan ti dd liéu cé thi ty tidng theo thanh phan khéa
(Key) nhéan dién. D& don gidn, ching ta gid st rdng mdi phan ti di liéu chi la thanh
phan khéa nhan dién.

3.2. Cac giai thuat sdp xép ndi (Sdp xép trén ddy/mang)

o) day, toan bé di liéu can sdp xép dudc dua vao trong bé nhdé trong (RAM). Do vay, sé
phéan td di liéu khéng 16n 1dm do gidi han cia bé nhd trong, tuy nhién t6c dé sdp x&p
tuong déi nhanh. Céac giai thuat sdp xép néi bao gém cac nhém sau:

- Sap x&€p bang phucong phap dém (counting sort),

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

- Sap x&p bang phucng phap trén (merge sort).

Trong pham vi cua gido trinh nay chung ta chi trinh bay mét sé thuat toan sdp xé&p tiéu
bi€u trong cac thuat toan sdp x&p & cac nhém trén va giad su thd ty sdp x€p N phéan ta
c6 kiéu d liéu T trong mang M la thu ty tang.
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3.2.1. Sdp xép bdng phuong phdp d6i chd (Exchange Sort)

Cac thuat toan trong phan nay sé tim cach déi chd cac phan ti ding sai vi tri (so vdi
mang da sip xé&p) trong mang M cho nhau dé cudi cung tat ca cac phéan td trong mang
M déu vé dang vi tri nhu mang da sép xép.

Cac thuat toan sép x&€p bang phudng phap déi chd bao gém:
- Thuét toan sép x&p ndi bot (bubble sort),
- Thuat toan sap x&p lac (shaker sort),
- Thuét toan sdp x&p giam dé tdng hay dé dai budc giam dan (shell sort),
- Thuat toan sdp x&p dya trén sy phan hoach (quick sort).

o) day chung ta trinh bay hai thuat toan phé bién 14 thuat toan sdp x&€p ndi bot va sép
x&p dua trén sy phan hoach.

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

+ Di tir cudi mang vé dau mang, trong qua trinh di néu phan t0 & dudi (ding phia
sau) nhd hon phan ti dung ngay trén (truéc) né thi theo nguyén tic cia bot khi
phan t& nhe sé& bj “tréi” 1én phia trén phan ti ndng (hai phan td nay sé dudc déi
chd cho nhau). Két qua 14 phan td nhé nhat (nhe nhat) sé dudc dua lén (tréi 1én)
trén bé mat (dau mang) rat nhanh.

+ Sau mdi lan di chung ta dua dugc mét phan t tréi 1én dang ché. Do vay, sau N-1
lan di thi tat ca cac phan tu trong mang M sé cé thu ty tang.

- Thuat toan:

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

- Cai dat thuat toan:
Ham BubbleSort c6 prototype nhu sau:
void BubbleSort(T M]], int N);
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Ham thyc hién viéc sap xép N phan tlr cé ki€u dir lieu T trén mang M theo thi tu
tdng duwa trén thuat toan sap xép noi bét. No6i dung clia ham nhi sau:
void BubbleSort(T MI], int N)
{ for (int 1=0; | <N-1; I++)
for (intJ =N-1;J > 1; J--)
if (M[J] <M[J-1])
Swap(M[J], M[J-1]);
réturn;

}

Ham Swap co prototype nhir sau:
void Swap(T &X T &Y);
Ham thirc hién viéc hoan vi gia tri ctia hai phan t¢’ X va Y cho nhau. NOi dung cla
ham nh{ sau:
void Swap(T &X, T &Y)
{T Témp =X
X=Y,;
Y =Témp;
réturn;
}
- Vi du minh hoa thuéat toan:
Gia sl ta can sap xép mang M co 10 phan t&r sau (N = 10):
M: 15 10 2 20 10 5 25 35 22 30
Ta sé thuc hién 9 lan di (N - 1= 10 - 1 =9) dé sap xdp mang M:

Lan 1; First =1
J: 2< 3< 4 < 5< 6< 7< 8 < 9< 10

25 35 30

25 35 30

%bbb

B DN NN
S

25 35 30
S * )

<
G_
N\
N
>

25 35 30
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M: 2 15

Lan 2: First =2
J:

M 2 15
M 2 15
M 2 15

i
M: 2

\J

Lan 3: First =3
J:

M: 2

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
3<— —4<—— H<—— 6<
10 5 20 10
10 5 =0 o
w
—>
<
10 5 10 20
<N
10 10 20
15 10 10 20
4<——5<—— 6<
r X
| ">7
sIlS 10 10 20
10 15 10 20
BE<——6<
r \
10 15 10 20
% J
10 10 15 20
10 10 15 20
10 10 15 20

Giao trinh: Cau Tric Dn"Liéu va Giai Thuéat

22 25 35

7< 8 < O9<

22 25 35

22 25 30

22 25 30

22 25 30

22 25 30

7< 8 <

22 25 30

22 25 30

7< 8 <

22 25 30

22 25 30

b<— 71<—— 8 <—— 9 <—

22 25 30

71<—— 8 <—— 9 <—

22 25 30
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Lan 7: First =7
J: CJR e — [
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 treéng hép:
S6 phép gan: G=0
SO phép so sanh: S = (N-1) + (N-2) + .. + 1 =~N(N-1)
+ Trong trudng hop tét nhat: khi mang ban dau da c6 thu’ty tang
S6 phép hoan vi: Hmin =0
+ Trong trudng hdp xau nhat: khi mang ban dau da co th tv giam
S6 phép hoan vi: Hmin = (N-1) + (N-2) + .. + 1 = ~*N(N-1)
+ S0 phép hoan vi trung binh: Havg = "N(N-1)
- Nhan xét vé thuat toan noi bot:
+ Thuat toan sap xép ndi bot kha dén gian, dé hiéu va dé cai dat.
+ Trong thuat todn sap xép ndi bot, mdi lan di tw cudi mang vé dau mang thi phan tw

nhé dudc trdi Ién rét nhanh trong khi d6 phan td’nang lai “chim” xuéng kha cham
chap do khong tan dung dwdc chiéu di xudng (chiéu tlr ddu mang vé cudi mang).

+ Thuat todn ndi bot khong phat hién rd dudc cac doan phan tv nam hai dau cua
mang da nam dung vi tri dé co thé giam bd&t quang dwdng di trong moi lan di.
b. Thuét toan sap xép dwa trén swphan hoach (Partitioning Sort):

Thuat todn sap xép dua trén sy phan hoach con duwdc goi la thuat todn sap xép
nhanh (Quick Sort).

- Tw tudng:
+ Phan hoach day Mthanh 03 day con co thu’tw twdng ddi thod man diéu kién:
Day con thu nhat (dau day M) gom cac phan tv co gia tri nho hén gia tri trung
binh cua day M,
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Day con thu hai (giGa day M) gém cac phan ti cé gia tri bang gia tri trung binh
cla day M,

Day con tht ba (cuéi day M) gébm cac phan tu cé gia tri 16n hon gia tri trung binh
cla day M,

+ Néu day con th nhat va day con tht ba c¢6 nhiéu hon 01 phan t& thi chang ta lai
ti€p tuc phan hoach dé quy cac day con nay.

+ Viéc tim gia tri trung binh cia day M hodc tim kiém phan ti trong M cé gia tri bdng
gia tri trung binh cia day M rat khé khan va mat thdi gian. Trong thuc té&, ching
ta chon mét phan t& b4t ky (thudng la phan ti dung & vi tri gita) trong day cac
phan ti can phan hoach dé lam gia tri cho cac phan ti ctia day con thu hai (day
gitta) sau khi phan hoach. Phan t& nay con dudc goi la phan tu bién (boundary
element). Cac phan td trong day con thi nh&t s& cé gia tri nhé hon gia tri phan ta
bién va cac phan tu trong day con thd ba s& cé gia tri 16n hon gia tri phan ta bién.

+ Viéc phan hoach mét day dugc thyc hién bdng cach tim cac cdp phan t& ding &
hai day con hai bén phan ti gitta (day 1 va day 3) nhung bi sai tht ty (phan ta
ding & day 1 <6 gia tri I6n hon gia tri phan ti gitta va phan ti ding & day 3 cé
gia tri nhé hon gia tri phan td gitta) dé déi chd (hoan vi) cho nhau.

- Thuat toan:

B1: First = 1
B2: Last = N
B3: IF (First > Last) //Day con chi con khéng qua 01 phan tu
Thyc hién Bkt
B4: X = M[(First+Last)/2] //L&y gia tri phan tu gita
B5: I = First //Xuat phat t& dau day 1 dé€ tim phan td cé gia tri > X
B6: IF (M[I] > X)
Thyc hién B8

B7: ELSE
B7.1: I++
B7.2: Lap lai B6
B8: J = Last //Xu&t phat ti cudi day 3 dé€ tim phan ti c6 gia tri < X

BO: IF (M[J] < X)
Thuye hién B11
B10: ELSE
B10.1: J--
B10.2: Lip lai BO
B11: IF (I < J)
B11.1: Hoan_Vi(M[I], M[J])
B11.2: I++
B11.3: J--
B11.4: Lap lai B6
B12: ELSE
B12.1: Phan hoach dé quy day con t& phan td tha First dén phéan ta tha J
B12.2: Phan hoach dé quy day con t& phan t& thi [ dén phan td tha Last
Bkt: K&t thac

- Cai dat thuat toan:
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Ham Quicksort co prototype nhu sau:

void QuickSort(T MI[], int N);

Ham thuc hién viéc sap xép N phan tv c6 ki€u dw lieu T trén mang M theo thi tw
tang dua trén thuat toan sap xép nhanh. Ham Quicksort st dung ham phan hoach dé
quy PartitionSort dé thywc hién viéc sap xép theo thu ty tang cac phan tv cua mot day
con gi¢i han tr phan tw thé First dén phan tu thw Last trén mang M. Ham
PartitionSort co prototypé nhuv sau:

void PartitionSort(T MI[], int First, int Last);

Noi dung cua cac ham nhuw sau:

void PartitionSort(T M[], int First, int Last)

{ if (First >= Last)
réturn;
T X = M[(First+Last)/2];
int | = First;
int J = Last;
do { whilé (M[l] <X)
1++;
whilé (M[J] > X)
J--;
if (I <=1J)
{ Swap(M[1], M[J]);
++;
J--;
}

}
whilé (I <=1);
PartitionSort(M, First, J);
PartitionSort(M, |, Last);
réturn;

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

- Vi du minh hoa thuat toan:

Gia sl ta can sap xép mang M c6 10 phan t sau (N = 10):

M: 45 55 25 20 15
Ban dau: First =1 Last = 10

First
M: 45 55 25 20
Phan hoach:

30 10 3

X = M[(1+10)/2] =M[5] = 15

S

Last
25 30 10 3
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First
M: 3 10

Phan hoach cac phan t& trong day con tr First -> J:
Last =J =4 X =M[(1+4)/2] =M[2] = 10

First = 1
First X =10
M: 3 10
Phan hoach:
I X =70
M: 3 lo\
X =10
M: 3
M: 3

Phan hoach cac phéan tlr trong day con t&r First -> J:

Last =J =2 X =M[(1+2)/2] =M[1] = 3

First = 1
First Lést
M: 3 5
XV3

Last

15

15

15

15

15

20

20

20

20

20

25

25

25

25

25

25

25

25

25

25

25

25

25

30

30

30

30

30

30

30

30

55

55

55

55

55

55

55

55

45

45

Last
45

45

45

45

45

45
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Phan hoach:
M:

1J
M:
J
M:

First
M: 3

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

X = M[(3+4)/2] = M[3] = 10

First =1=3
M: 3
Phan hoach:
M: 3
M: 3
M: 3
First
M: 3

Phan hoach cac phan tuftrong day con tU I -> Last:
X = M[(5+10)/2] = M[7] =25
First

First =1=5
M: 3
Phan hoach:

Gido tinh:

10

10

10

I
10

Last =4
First

10

Last = 10

10

CAu Truc Do"Liéu va Giai Thuat

15

15

15

Last
15

Last
15

15

15

I
15

J
15

15

20

20

20

20

20

20

20

20

I
20

20

25

25

25

25

25

25

25

25

25

25

25

25

25

25

25

25

25

25

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 15
M 3 5 10 15
M: 3 5 10 15

Phan hoach cac phan tr trong day con tr First -> J:

First =5 Last =J =6 X =MJ[(5+6)/2] =M[5] =20
Léast

M: 3 5 10 15

Phan hoach:

M: 3 5 10 15

M 3 5 10 15
J

M 3 5 10 15

M: 3 5 10 15

Phan hoach cac phan tlr trong day con t& | -> Last:

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

First =1=7 Last = 10

M: 3 5 10 15
Phan hoach:

M: 3 5 10 15
M 3 5 10 15

I
20

20

20

First
20
X720

20
Xn20

X =20
First

20

20

20

20

25

25

25

I
25

J
25

25

25

25

25

25

25

25

25

First
25

25

25

30

30

30

30

30

30

30

30

X =30

55

55

55

55

55

55

55

55

55

55

55

45

45

Last
45

45

45

45

45

Last
45

Last
45

45

45
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X =30
J I
M: 3 5 10 15 20 25 25 30 55 45
Firsts | Last
M: 3 5 10 15 20 25 25 30 55 45
X ¢"30
Phan hoach cac phan t& trong day con tir | -> Last:
First =1=9 Last = 10 X =M[(9+10)/2] =M[9] =55
M: 3 5 10 15 20 25 25
Phan hoach:
M: 3 5 10 15 20 25 25
M 3 5 10 15 20 25 25
M: 3 5 10 15 20 25 25
Toan bo qua trinh phan hoach két thic, day Mtré thanh:
M: 3 5 10 15 20 25 25 30 45 55

- Phan tich thuat toan:

+ Triedng hdp tot nhat, khi mang M ban dau da cé thi tk’tang:
S6 phép gan: Gmin = 1+ 2 +4 + .. + 2A[Log2(N) - 1] = N-1
So phép so sanh: Smin = NxLog2(N)/2
So phép hoéan vi: Hmin =0

+ Triedng hép xau nhat, khi phan t¢’ X didc chon & gittd day con & giad tri I1&n nhat
cla day con. Tridng hép nady thuat todn QuickSort tré nén cham chap nhat:
So phép gan: Gmax =1+ 2 + .. + (N-1) = Nx(N-1)/2
So phép so sanh: Smax = (N-1)x(N-1)
So phép hoéan vi: Hmax = (N-1) + (N-2) + .. + 1 = Nx(N-1)/2

+ Trung binh:
So phép gan: Gavg = [(N-1)+N(N-1)/2]/2 = (N-1)x(N+2)/4
So phép so sanh: Savg = [NxLog2(N)/2 + Nx(N-1)]/2 = Nx[Log2(N)+2N-2]/4
So phép hoan vi: Havg = Nx(N-1)/4
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3.2.2. Sdp xép bdang phuong phdp chon (Selection Sort)

Cac thuéat toan trong phan nay sé tim cach lya chon cac phan t¢ thda man diéu kién
chon lya dé dua vé dang vi tri clia phan td dé, cudi cung t4t cad cac phan td trong
mang M déu vé dung vi tri.

Cac thuéat toan sdp xép bang phuong phap chon bao gém:
- Thuét toan sdp x&p chon tryc ti€p (straight selection sort),
- Thuét toan sdp x&p dua trén khéi/heap hay sdp x&p trén cay (heap sort).
3 day ching ta chi trinh bay thuat toan sp x&p chon tryc ti€p
Thudt todn sdp xép chon truc tiép (Straight Selection Sort):
- Tu tudng:

+ Ban dau day cé N phan t& chua <6 tht ty. Ta chon phan ti cé gia tri nhd nhat
trong N phan ti chua ¢é thd tu nay dé dua lén dau nhém N phén ta.

+ Sau lan th nhét chon lya phan t& nhd nhét va dua l1én dau nhém ching ta con lai
N-1 phéan t& ding & phia sau day M chua <6 thi ty. Chung ta tiép tuc chon phan
t& 6 gia tri nhé nhat trong N-1 phan ti chua cé thd ty nay dé dua lén dau nhém
N-1 phéan td. ... Do vay, sau N-1 lan chon lya phan ti nhd nhat dé dua lén dau
nhém thi t4t cd cac phan tu trong day M sé& c6 thu ty tang.

+ Nhu vay, thuat toan nay chd yéu ching ta di tim gia tri nhd nhat trong nhém N-K
phan tu chua <6 thd ty ding d 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)
Thyc hién Bkt
B3: Min = M[K+1]
B4: PosMin = K+1
B5: Pos = K+2
B6: IF (Pos > N)
Thyc 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 thwc hién viéc sap xép N phan tl co kiéu di lieu T trén mang M theo thi tw
tang dua trén thuat toan sap xép chon trirc ti€p. NOi dung ctia ham nhi sau:

void SéléctionSort(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++;

}

réturn;
}

- Vi du minh hoa thuéat toan:
Gia sir ta can sap xép mang M co 10 phan tr sau (N = 10):
M 1 60 2 25 15 45 5 30 33 20

Ta sé thwc hién 9 lan chon lya (N - 1 = 10 - 1 = 9) phan tf nho nhat dé sap xép
mang M:

Lan 1. Min = 1 PosMin = 1 =°
K+1

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

Lan 2: Min = 2 PosMin =3 K=1

K+1

M: 1 60 2 25 15 45 5 30 33 2)
K+1

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

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

S — 5
M 1 2 60 25 15 45 30 33 @
)
K+1
M: 1 2 5 25 15 45 60 30 33 @
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Lan 4: Min = 15 PosMin =5 K =3
K+1/-

~V
M: 1 2 5 25
t 15
K+1
M: 1 2 5 15 25
Lan 5: Min =20 PosMin =10 K=4
K+
M 1 2 5 15 25
K+1
M: 1 2 5 15 20
Lan 6: Min =25 PosMin =10 K=5
M: 1 2 5 15 20
M: 1 2 5 15 20
Lan 7: Min =30 PosMin =8 K =6
M: 1 2 5 15 20
M 1 2 5 15 20
Lan 8 Min =33 PosMin =9 K=7
M: 1 2 5 15 20
M: 1 2 5 15 20
Lan 9: Min =45 PosMin =10 K=18
M: 1 2 5 15 20

45

45

45

45

K+1

45

K+1
25

25

25

25

25

25

60

60

60

60

60

60

K+5

60

K+1
30

30

30

30

30

30

30

30

30

30

60

K+1
Lo
60

K+1
33

33

33

33

33

33

33

33

33

33

60

K.1

60 J
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Gido trints: Chw Trie Dic Litw va Gidi Thudt

K+1
M: 1 2 5 15 20 25 30 33 45 60
Sau lan 9: K = 9 va mang M trd 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 tét nhat, khi mang M ban dau da cé thy ty tang:
S6 phép gan: Gmin = 2x(N-1)

+ Trudng hgp x4u nhat, khi mang M ban dau da cé tha ty giam 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. 88p xép badng phuong phdp chén (Insertion Sort)

Cac thuéat toan trong phan nay sé tim cach tan dung K phan t0 dau day M da cé tha ty
tdng, chung ta dem phan ti thd K+1 chén vao K phan t dau day sao cho sau khi chén
chung ta c6 K+1 phan t& dadu day M da cé thy ty tang.

Ban dau day M cé it nhat 1 phan t& dau day da cé thu ty ting (K=1). Nhu vay sau téi
da N-1 budc chén la chung ta sé& sdp x&p xong day M c6 N phan ti theo thu ty tdng.

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

D& chén phan t thd K+1 vao K phan ti dadu day da cé thd ty ching ta sé ti€n hanh
tim vi tri ding cda phan td K+1 trong K phan t& dau bang cach van dung thuat giai
tim ki€m tuan ty (Sequential Search). Sau khi tim dudc vi tri chén (chdc chin <é vi
tri chén) thi ching ta sé tién hanh chén phan t& K+1 vao dung vi tri chén bang cach
ddi cac phan tu tu vi tri chén dén phan tu tha K sang phai (ra phia sau) 01 vj tri va
chén phéan td K+1 vao vi tri cia né.

- Thuat toan:

B1: K =1
B2: IF (K = N)
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Gido trints: Chw Trie Dic Litw va Gidi Thudt
Thuyc 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 tu ti Pos->K vé phia sau 1 vij tri
B8.1: M[I] = M[I-1]
B8.2: I--
B8.3: Lap lai B8
B9: ELSE //Pa ddi xong cac phan tu tir Pos->K vé phia sau 1 vj 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 thuc hién viéc sdp x€p N phan t& cé kiéu di liéu T trén mang M theo thd tu
tdng dya trén thuat toan sdp x&p chén tryc ti€p. N6i dung ctia 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 [ = K; 1 > Pos; I--)
M[I] = M[I-1];
M[Pos] = X;
K++;
b

return;

)
- Vi du minh hoa thuat toan:
Gia su ta can sdp xép mang M c6 10 phan ta 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) cac phan td vao day con da cé thd ty
tang ding dau day M:

Trang: 34



Giao trinh: Cau Tric Dn"Liéu va Giai Thuéat
Lan 1: K=1 X =M[K+1] = M[2] = 16 Pos =2

K: 1
M:
X
Lan 2. K =2 X = M[K+1] = M[3] = 12 Pos =2
K: 1
M:
® @ (13) (i6)
K 1 2
v © « ® ©
X
Lan 3: K=3 X =M[K+1] = M[4] =75 Pos = 4
K 1 2 3
e*®@ © © ., .
X
K 1 2 3
: © ©o ©

X

Lan 4: K =4 X =M[K+1] =M[5] =51  Pos =4
K: 1 2 3 4

M: (5 d 2) ® © i) ® 06)

X
K 2 3

|v|.: C) G2 de) C(i\) GB) © (T6)

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

K: 1 2 3 4 5
M 0 (i2) ® © i> ® (716)
X
K: 1 2 3 4 5
M. ("©) (~T) ("6) (50) (©4) © (a6)
X
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Giao trinh: Cau Tric Dn"Liéu va Giai Thuéat
Lan 6: K =6 X =M[K+1] =M[7] =5 Pos =1

K: 1 2 J—g’k 4 5 6
M: 12 16 A1 NB4AN) 75N 73 36 52
X
K: 1 2 3 4 5 6
wo ® © © © © © © @ ©
X
Lan 7: K = X =M[K+1] =M[8] =73  Pos =7
K: 1 2 3 4 5 6
12 N7 N 54 75 73 36 52
X
K 1 2 3 4 5 6 7
5 54 73 75 36 52
X
Lan 8: K =8 X =M[K+1] =M[9] =36 Pos =5
K: 1 2 3 4 5 6 7 8
X
K 1 2 3 4 5 6 7 8
5 36 5, 54 73 75 52
Lan 9: K =9 X = M[K+1] =M[10] =52 Pos =7
K: 1 2 3 4 5 6 7 8 9
K: 1
5
X

Thuat toan két thic: K = 10, mang M da duoc sap xép theo thu’ty tang
K: 1 2 3 4 5 6 7 8 9 10

M: 75
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Gido trints: Chw Trie Dic Litw va Gidi Thudt

- Phan tich thuat toan:
+ Trudng hgp tét nhat, khi mang M ban dau da <6 thd ty tdng:

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 hdp x&u nhat, khi madng M ban dau luén cé phan td nhé nhat trong N-K
phéan ti con lai ding & vi tri sau cung sau médi 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 thdy rdng quéa trinh tim kiém vj tri chén cda phan to K+1 va qua
trinh dSi cac phan tu ti vi tri chén dén K ra phia sau 01 vj tri cé thé két hgp lai
v3i nhau. Nhu vay, qua trinh di ddi cac phan ti ra sau nay sé bat dau tu phan ta
tht K trd vé dau day M cho dén khi gdp phan tu cé gia tri nhé hon phan to K+1
thi chung ta déng thsi vira di ddi xong va déng thdi ciing bat gdp 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 dadu day M ban dau cé tha ty tdng la bao nhiéu phan ti cht khéng
nhé&t thi€t phai la 1. Khi dé, thu4t toan sdp x&p chén tryc ti€p cda ching ta cé thé
dugc hiéu chinh lai nhu sau:

- Thuét toan hiéu chinh:

Bl: K =1

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

B3: IF (K = N)
Thyc hién Bkt

B4: X = M[K+1]

B5: Pos = K

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

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

Bkt: Két thuc

- Cai dat thuéat toan hiéu chinh:

Ham InsertionSort1 cé prototype nhu sau:
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Gido trinh: Cau Trdc Dn"Liéu va Giai Thuat
void InsertionSortl(T M[], int N);

Ham thuwc hién viéc s&p xép N phan t co kiéu dir liéu T trén méang M theo th tu
tang dira trén thuat toan sidp xép chen truc tiép da hiéu chinh. N6i dung cta ham
nhr sau:
void InsertionSortl(T MI], 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;

}

- Vi du minh hoa thuéat toan hiéu chinh:
Gia st ta can sap xép mang M cé 10 phan tir sau (N = 10):
M. 14 16 20 75 50 5 25 75 60 50
Ban dau K =4 nén ta sé thwc hién 6 1an chén (N -4 = 10 - 4 = 6) cac phan t& vao
day con da cé tht ty tdng ding dau day M:
Lan L K =4 X =M[K+1] =M[5] =50 P6s =3 =>P6s +1=4
K: 1 2 3

M: 14 25 75 60 50
K 1 2 3
M 14 ® 25 75 60 50
K 1 2 3
14 50 75 T) (25) © 60 50
X
60 50
50
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Giao trinh: Cau Tric Dn"Liéu va Giai Thuéat

K 1 2 3 4 5
5 14 16 20 50" 75" 25 75 60"
X
Lin 3: K=6 X = M[K+1] = M[7] = 25 Pos =4 =>Pos +1=5
K: 1 2 3 4 5 6
5 14 16 20 50" 75" 25 75 60"
X=25
K: 2 3 4 5 6
v | = / -=N.
5 14 16 20 50" 50" 75 75 60
K 1 2 3 4 5 6
yr =X \ [ ==\ f —X. [/—X f N /"X /X R
5 14 16 20 25 50 75 75 60
X
Lin 4: K=7 X =M[K+1] =M[8] =75__Pos =7 =>Pos +1=8
K: 1 2 3 4 5 T 7
M: 5 14 16 20 25" 50" 75 75 60"
X=75
K 1 2 3 4 5 6 7
X— s I —="X = X —X /_ X f '"X X IX / —X
5 14 16 20 25 50 75 75 60
X=75
Lan 5: K=8 X =M[K+1] =M[9] =60 -.../) Ps=6 =>Pos +1=7
K: 1 2 3 4 5 ~"6 7 8
5 14 16 20 25" 50" 75 75 60"
X=60
K 1 2 3 4 5 6 7 8
5 14 16 20 25" 50" 75 75 75"
K 1 2 3 4 5 6 7 8
X—. 1= =X f_x s—x f X X —X
M: 5 14 16 20 25 50 60 75 75
X
Lan 6: K=9 X =M[K+1] =M[10] =50 Pos =6 =>Pos +1=7
K: 1 2 3 4 5 6 7 8 9
A X /~x X —X  ——X " X y X f X I" X
5 14 16 20 25 50 60 75 75

50

50

50

50

50

50

50
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Giao trinh: Cau Tric Dn"Liéu va Giai Thuéat

K 1 2 3 4 5 6
M 50
” 2 3 4 5 6
M5 50 60 75 75

X

Thuat toan két thuc: K = 10, mang M da duoc sép xép theo thi ty ting
K: 1 2 3 4 5 6 7 8 9 10

M: 5

- Phan tich thuat toan hiéu chinh:
+ Trwdng hop tot nhat, khi mang M ban dau da co thy ty tang:

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

+ Trwdng hop xau nhat, khi mang M ban dau da co thv ty giam dan:

So phép gan: Gmax = 1+[1+2+...+(N-1)] +[N-1] = Nx(N+1)/2
So phép so sanh: Smax = 1+2x[1+2+...+(N-1)]+[N-1] = N2
So phép hodan vi: Hmax =0

+ Trung binh:

So phép gan: Gavg = [1+ Nx(N-1)/2]/2
So phép so sanh: Savg = [2x(N-1) + 1+N2]/2
So phép hoan vi: Havg =0

3.2.4. Sap x€p bang phuwong phép tron (Merge Sort)

Cac thuat toan trong phan nay sé tim cach tdch mang M thanh cac méang con theo céac
dudng chay (run) roi sau do tién hanh nhdp cadc mang nay lai theo tirng cap dudng
chay dé tdo thanh cac duwdng chay moi co chiéu dai lon hén dubéng chay cu. Sau mot
so lan tdch/nhép thi c0di cung mang M chi con lai 1 dwdéng chay, luc do thi cac phan tu
trén mang M sé trd nén co thi tu.

CA4c thuat toadn sap xép bang phuong phéap tron bad gom:
- Thlat toan sap x€p trén thang hay tron truc ti€p (stradight mérgé sort),
- Thaat toan sap x€ép tron ty nhién (nat "~ mérgé sort).

Trwoc khi di vao chi tiét twng thiat toan chung ta hay tim hiéu khai niém vé& cac van dé
lién quan dén dudng chay (run)

- budng chay (Run):
Day M[l], M[I+1], M[J] (1<J: 1<1,J <N) I& mot dwdng chay néu no co thi tu’.
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Gido trints: Chw Trie Dic Litw va Gidi Thudt
- Chiéu dai ctia dudng chay (Run’s Length):

S8 phan ti cia mét dudng chay con dudc goi la chiéu dai cua dudng chay.
Nhu vay:

+ Mé&i phan td cuda day la mét dudng chay <6 chiéu dai bang 1.
+ Mot day c6 thé bao gdm nhiéu dudng chay.

- Trén cac dudng chay:

Khi ta trén cac dudng chay lai vSi nhau s& cho ra mét dudng chay mdi cé chiéu dai
bang téng chiéu dai cac dudng chay ban dau.

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

Ban dau day M cé N run(s) vdi chiéu dai méi run: L = 1, ta ti€n hanh phan phéi luan
phién N run(s) cia day M vé hai day phyu Templ, Temp2 (Mbi day phu <6 N/2
run(s)). Sau dé trén tuong tng tling cdp run & hai day phu Temp1, Temp2 thanh mét
run mdi ¢6 chiéu dai L = 2 dé dua vé M va day M tré thanh day cé N/2 run(s) vdi
chiéu dai méi run: L = 2.

Nhu vay, sau méi lan phan phéi va trén cac run trén day M thi sé run trén day M sé
giam di mét na, déng thdi chiéu dai mdi run sé& tdng gdp déi. Do d6, sau Log,(N)
lan phan phéi va trén thi day M chi cén lai 01 run vdi chiéu dai 1a N va khi dé day M
trd thanh day <6 thu tu.

Trong thuét giai sau, dé dé& theo déi chung ta trinh bay riéng 02 thuéat giai:
+ Thuat gidi phan phéi luan phién (tdch) cac dudng chay vdi chiéu dai L trén day
M vé cac day phu Temp1, Temp2.
+ Thuat giai tréon (nhap) cac cdp dudng chay trén Temp1l, Temp2 cé chiéu dai L
vé M thanh céac dudng chay vdi chiéu dai 2*L.

- Thuat toan phan phdi:

Bl:1=1 //Chisé tréen M

B2: J1 = 1 //Chi s6 trén Temp]1

B3: J2 = 1 //Chi s6 trén Temp2

B4: IF (I > N) //Da phan phdi hét
Thyc hién Bkt

//Chép 1 run td M sang Temp1

B5: K =1 //Chi s8 dé duyét cac run

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

B7: Templ1[J1] = M[]]  //Chép cac phan td cda run trén M sang Temp1

B8: I++

B9: J1++

B10: K++

B11:IF (I > N) //Da phan phdi hét
Thyc hién Bkt

B12: Lap lai B6

//Chép 1 run td M sang Temp?2
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Gido trints: Chw Trie Dic Litw va Gidi Thudt

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

- Thuat toan trén:

Bl:1=1 //Chisétrén M
B2: J1 = 1 //Chi s6 trén Temp]1
B3: J2 = 1 //Chi s6 trén Temp2
B4: K1 = 1//Chi s8 dé duyét cac run trén Templ
B5: K2 = 1//Chi s6 dé duyét cac run trén Temp2
B6: IF (J1 > N1) //P& chép hét cac phan tu trong Temp1
Thuyc hién B25
B7: IF (J2 > N2) //D& chép hét cac phan ti trong Temp2
Thyc hién B30
B8: IF (Templ[J1] < Temp2[J2]) //Temp1[J1] ddng truéc Temp2[J2] trén M
B8.1: M[l] = Temp1[J1]
B8.2: I++
B8.3: J1++
B8.4: K1++
B8.5: If (K1 > L) //Da duyét hét 1 run trong Templ
Thyc hién B11
B8.6: Lap lai B6
B9: ELSE //Temp?2[J2] ding truéc Temp1[J1] trén M
B9.1: M[l] = Temp2[J2]
B9.2: I++
B9.3: J2++
B9.4: K2++
B9.5: If (K2 > L) //Pa duyét hét 1 run trong Temp2
Thyc hién B18
B9.6: Lap lai B6
B10: Lap lai B4
//Chép phan run con lai trong Temp2 vé M
B11: IF (K2 > L) //P& chép hét phan run con lai trong Temp2 vé M

Lap lai B4
B12: M[l] = Temp2[J2]
B13: [++
B14: J2++
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Gido trints: Chw Trie Dic Litw va Gidi Thudt

B15: K2++

B16: IF (J2 > N2) //Da chép hét cac phan tu trong Temp2
Thye hién B30

B17: Lap lai B11

//Chép phan run con lai trong Temp1 vé M

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

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

B23: IF (J1 > N1)//D& chép hét cac phan tu trong Temp1
Thuyc hién B25
B24: Lap lai B18
//Chép cac phan td con lai trong Temp2 vé M
B25: IF (J2>N2)
Thyc hién Bkt
B26: M[I] = Temp2[J2]
B27: [++
B28: J2++
B29: Lap lai B25
//Chép cac phan tu con lai trong Temp1 vé M
B30: IF (J1-N1)
Thyc hién Bkt
B31: M[I] = Temp1[J1]
B32: [++
B33: J1++
B34: Lap lai B30
Bkt: Két thuc
- Thuat toan sdp xép tron thing:
B1: L =1 //Chiéu dai ban dau cua cac run
B2: IF (L = N) //Déay chi con 01 run
Thyc hién Bkt
B3: Phan_Ph&i(M, N, Temp1, N1, Temp2, N2, L)
B4: Trén(Templ, N1, Temp2, N2, M, N, L)
B5: L = 2*L
B6: Lap lai B2
Bkt: Két thuc
- Cai dat thuat toan:
Ham StraightMergeSort c¢é prototype nhu sau:
void StraightMergeSort(T M][], int N);
Ham thuc hién viéc sdp x€p N phan t& cé kiéu di liéu T trén mang M theo thd tu
tdng dua trén thuat toan sdp trén tryc ti€p. Ham st dung cac ham Distribute, Merge
c6 prototype va y nghia nhu sau:

void Distribute(T M][], int N, T Templ][], int &N1, T TempZ2[], int &N2, int L);
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Gido trints: Chw Trie Dic Litw va Gidi Thudt

Ham thyc hién viéc phan phéi luan phién cac dudng chay cé chiéu dai L trén day M
c6 N phan tg vé thanh cac day Templ va Temp2 cé tuong tng 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 vdi d6 dai L trén
Temp1, Temp2 vé ddy M thanh cac dudng chay cé chiéu dai 2*L.

Noi dung cda cac ham nhu sau:

void Distribute(T M][], int N, T Templ][], int &N1, T TempZ2[], int &N2, int L)
{int [=0,J1=0,J2=0;
while (I < N)
{ for(int K = 0; K<L && I<N; K++, [++, J1++)
Templ[Jd1] = M]I];
for(K = 0; K<L && [<N; K++, [++, J2+4+)
Temp2[J2] = M[I];
b
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[l] = Temp1[J1];
[++;
J1++;
if (J1 == N1)
{ for (; J2 < N2; J2++, [++)
M[I] = Temp2[J2];

return;
}
K1++;
if (Kl1==L)

{ 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[l] = Temp2[J2];
[++;
J2++;
if (J2 == N2)
{ for (; J1 < NT1; J1++, [++)
M[I] = Temp1[J1];
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return;
}
K2++;
if (K2 ==1L)

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

b
while (J1 < N1)

{ M[I] = Temp1[J1];
[++;
J1++;

b
while (J2 < N2)

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

}
N = NI + 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 Il Temp2 == NULL)
return;
while (L < N)
{ Distribute(M, N, Temp1, N1, Temp2, N2, L);
Merge(Templ, N1, Temp2, N2, M, N, L);
L =2*L;
b
delete Templ;
delete Temp?2;
return;

)
- Vi du minh hoa thuat toan:
Gia s’ ta can sdp xép mang M cé 10 phan td sau (N = 10):
M: 41 36 32 47 65 21 52 57 70 50
Ta thyc hién cac 1an phan phéi va trén cac phan té cia M nhu sau:

Lan 1: L =1
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Phan phdi Mthanh Tepsy, Te
M: (4T) ~36)
Tempi:Ni=5

© © ©

Temp2:N2=5

(36) o °

Trén Tempi, Temp2 thanh M:

Tempi:Ni=5

Temp2:N2=5

Lan 2: L =2

Phan phdi M thanh Tempi, Temp2:

Tempi: Ni=6

Temp2: N2=4

Tréon Tempi, Temp2 thanh M:

Tempi: Ni=6

36 40) (© 65
Temp2: N2=4

32 470 © 2 57
M:
Lan 3: L =4

(50

70)
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Phan phdi M thanh Templ, Temp2:

M: 32 36

Tempi:Ni=6

Temp2: N2=4

Trén Tempi, Temp2 thanh M:

Tempi:Ni=6 32 36 41 47:
Temp2: N2=4 C2T 52 57 65
M: <27 _32 36 41 47 52 57 65:
Lan 4: L =38

Phan phdéi Mthanh Tempi, Temp2:

M:

Tempi: Ni=8

Temp2: N2=2

Trén Tempi, Temp2 thanh M:

Tempi: Ni=8 121 32 36 4i 47 52 57
Temp2: N2=2 70
M:

L = 16 > 10: K&t thuc thuat toan
- Phan tich thuat toan:

+ Trong thuéat giai nay chdng ta 1a6n thuc hién log2(N) lan phan phdi va trén cac run.

Trang: 47



Giao trinh: Cau Tric Dn"Liéu va Giai Thuéat
+ O moi 1an phan phdi run chung ta phai thwc hién: N phép gan va 2N phép so sanh
(N phép so sanh hét dudong chay va N phép so sanh hét day).

+ O mdi lan trén run chung ta cung phai thwc hién: N phép gan va 2N+N/2 phép so
sanh (N phép so sanh hét duong chay, N phép so sanh hét day va N/2 phép so
sanh gia tri cac cap tydng ng trén 2 day phu).

+ Trong moi tryong hop:

So phép gan: G = 2NxLog2(N)
So phép so sanh: S = (4AN+N/2)xLog2(N)
So phép hoan vi: Hmin =0

+ Trong thuat giai nay chung ta su dung 02 day phu, tuy nhién tong so phan ty ¢ 02
day phu nay cung chi bang N, do vay da tao ra sv lang phi bo nh¢ khong can
thiét. Dé giai quyét van dé nay chung ta chi can sy dung 01 day phu song chung
ta két hop qua trinh trén cac cap run co chiéu dai L twong ¢ng & hai dau day
thanh cac run co chiéu dai 2L va phan phoi luan phién vé hai dau cta mot day
phu. Sau do chung ta doéi vai tro cua 02 day nay cho nhau.

+ Trywoc khi hiéu chinh lai thuat giai chung ta xét day M gom 10 phan tu sau dé minh
hoa cho qua trinh nay:

Gia su ta can sap xép mang M co 10 phan tv sau (N = 10):
M: 81 63 69 74 14 77 56 57 9 25

Ta thyc hién cac lan trén cac cap run ¢ hai dau day nay va két hop phan phoi cac
run moi tron vé hai dau day kia nhu sau:

Lan ' L=1

Tron cac cap run co chiéu dai L = 1trén Mthanh cac run co chiéu dai L = 2 va két
hop phan phoi luan phién cac run nay vé hai dau day Tmp:

Lan 2: L =2
Tron cac cap run co chiéu dai L = 2 trén M thanh cac run co chiéu dai L =4 va két
hop phan phoi luan phién cac run nay vé hai dau day Tmp:

M:

Tmp:
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Doi vai tro cia Mva Tmp cho nhau

Lan 3: L =4

Trén cac cap run cO chiéu dai L = 4 trén M thanh cac run cd chiéu dai L = 8 va két
hép phan phdi luan phién cac run nay vé hai dau day Tmp:

TmpiLo” 25 56 57 63 69 74
Doi véi trd ctda Mva Tmp chd nhad

M. C9~"25 56 57 63 69 74 81

Lan 4: L =8

Trén cac cap run cO chiéu dai L = 4 trén M thanh cac run cd chiéu dai L = 8 va két
hop phan phdi luan phién cac run nay vé hai dau day Tmp:

Tmp

Doi \ itrd cia Mva Tmp chd nhad

L = 16 > 10: K&t thuc thuat tdan

+ Nhu vay, trong thGat gidi nay chung ta chi con thad tac trén cac cdp run co chiéu
dai L tvong ung & hai dau day thanh mét run méi cd chiéu dai 2L dé dva vé day
phu. Véan dé la chung ta sé luan phién dat run méi vaé dau day phu (théd thi tw
tang) va cUM day phu (th&d thu’ty giam). T&c la hai budc trén va phan phéi da
dwdc két hép lai véi nhau. Thaat giai hiéu chinh nhu sau:

- Thuat toan Tron - Phan phéi cac cdp duong chay:

B1: 11 = 1 // Chis0 tv dau day M

B2: 12 = N // Chi s tu’cUM day M

B3: J1 = 1// Chi so tuv dau day Témp

B4: J2 = N// Chi s8 tv cUM day Témp

B5: Héad = Trué // C& baod phia dat run méi trong qua trinh tron - phan phoi
B6: KL = 1// Chi sd dé duyét cac run dau diay M

B7: K2 = 1// Chi s0 dé duyét cac run ~6i day M

B8: IF (11 >12) // Ba tron va phdan phdi hét cac run
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Thuyc hién Bkt
BO: IF (M[I1] < M[I2])  // M[I1] dGng trudc M[I2] trén Temp
B9.1: If (Head = True)
B9.1.1: Temp[J1] = MJ[I1]
B9.1.2: J1++
BO.2: Else
B9.2.1: Temp[J2] = M][I1]
B9.2.2: J2--
B9.3: I1++
B9.4: If (I1 > I2)
Thyc hién Bkt
B9.5: K1++
B9.6: If (K1 > L) //Da duyét hét 1 run phia dau trong M
Thyc hién B11
B9.7: Lap lai B9
B10: ELSE // M[12] ding 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 > [2)
Thyc hién Bkt
B10.5: K2++
B10.6: If (K2 > L) //Pa duyét hét 1 run phia sau trong M
Thyc 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[12]
B12.2: J1++

B13: ELSE
B13.1: Temp[J2] = M[12]
B13.2: J2--

B14: 12--

B15: If (I1 > I2)

Thuyc hién Bkt

B16: K2++

B17: L&p lai B11

//Chép phan run con lai & phia truéc trong M vé Temp
B18: IF (K1 > L) //Da chép hét phan run con lai & phia truéc trong M vé Temp
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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: I1++

B22: If (I1 > 12)
Thuyc hién Bkt

B23: K1++

B24: Lap lai B18

Bkt: Két thuc

- Thuat toan sdp xép tron thdng hiéu chinh:

B1l: L =1 //Chiéu dai ban dau cta céac run
B2: IF (L = N) //Déay chi con 01 run
Thuyc hién Bkt
B3: Trén_Phan_Phéi(M, N, Temp, L)
B4: L = 2*L
B5: IF (L > N)
// Chép cac phan ti t& Temp vé M
B5.1:1=1
B5.2: If (I > N)
Thyc hién Bkt
B5.3: M[I] = Temp][]]
B5.4: [++
B5.5: Lap lai B5.2

B6: Trén_Phan_Phéi(Temp, N, M, L)
B7: L = 2*L
B8: Lap lai B2
Bkt: K&t thac
- Cai dat thuéat toan hiéu chinh:
Ham StraightMergeSortModify c¢é prototype nhu sau:
void StraightMergeSortModify(T M][], int N);

Ham thuc hién viéc sdp x€p N phan t& cé kiéu di liéu T trén mang M theo thd tu
tdng dya trén thuat toan sdp trén tryc ti€p da hiéu chinh. Ham s& dung ham
MergeDistribute c6 prototype va y nghia nhu sau:

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

Ham thyc hién viéc trén cac cdp run cé chiéu dai L & hai dau day M thanh mét run
c6 chiéu dai 2L va phan phd&i luan phién cac run cé chiéu dai 2L nay vé hai dau day
Temp. N6i dung cia ham nhu sau:

void MergeDistribute(T MJ[], int N, T Temp]], int L)
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{int [1=0,12=N-1,J1=0,J2=N-1, K1 =0, K2 =0, Head = 1;
while (I1 <= 12)
{ while (M[I1] <= M[I2] && 11 <= 12)
{ if (Head == 1)
{ Temp[J1] = M[I1];
J1++;
b

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

[1++;
if (I1 > 12)
break;
Kl++;
if (Kl1==L)
{ for (; K2 < L && 11 <= 12; K2++, I12--)
if (Head == 1)
{ Temp[J1] = M[I2];
J1++4;
)

else
{ Temp[J2] = M[I2];
J2--;
)
Head = O-Head;
K1 = K2 = 0;
break;
)
)
while (M[I2] <= M[I1] && 11 <= 12)
{ if (Head == 1)
{ Temp[J1] = M[I2];
J1++;
)
else
{ Temp[J2] = M[I2];
J2--;
)
[2--;
if (I1 > 12)
break;
K2++;
if (K2 ==1L)
{ for (; K1 < L && I1<=12; K14+, [1++)
if (Head == 1)
{ Temp[J1] = M[I1];
J1++;

Trang: 52



Gido trints: Chw Trie Dic Litw va Gidi Thudt

)
else
{ Temp[J2] = M[I1]
J2--;
)
Head = O-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] = Templl];
break;

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

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

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

+ Nhu vay thuat giai trén thdng hiéu chinh vira tiét kiém bd nhd, vira thuc hién nhanh
hon thuét giai trén thdng ban dau.

+ Tuy nhién, trong thuéat giai trén thdng ching ta da thuc hién viéc phan phdi va trén
cac cdp duong chay cé chiéu dai c6 dinh ma trong thyc t€ trén day cac dudng
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b. Thudt todn sdp xép tron tu nhién (Natural Merge Sort):

- Tu tudng:

Tan dung cac dudng chay ty nhién cé sdn trén day, ti€n hanh trén tuong Gng cac
cdp duong chay ty nhién ndm hai dau day M thanh mét dudng chay mdéi va phan
phéi luan phién cac dudng chay mdi nay vé hai dau day phu Temp. Sau dé6 lai ti€p
tuc trén tucng Ung ting cdp run & hai dau day phy Temp thanh mét run mdi va phan
phéi luan phién run mdi nay vé hai dau day M. C¢ ti€p tuc nhu vay cho dén khi trén

M hodc trén Temp chi cén lai 01 run thi két thuc.

- Thuét toan Trén — Phan phdi cac cdp dudng chay ty nhién:

B1l:
B2:
B3:
B4:

B5:
Bé6:

B7:

I1 =1 //Chisé td dau day M
I2 = N // Chi s6 ti cudi day M
J1 =1// Chi s6 tir dau day Temp
J2 = N// Chi s6 tu cudi day Temp

chay cé thé cé chiéu dai 16n hon. Diéu nay sé gidm bdt sé 1an phan phdi va trén
cac cdp dudng chay cho ching ta. Thuat giai trén ty nhién dugc trinh bay sau day
sé loai bd dugc nhuge diém nay cua thuét gidi trén thang.

Head = True // CS béao phia dat run mdéi trong qua trinh trén - phan phéi

IF (I1 >12) //DPa trén va phan phdi hét cac run
Thyc hién Bkt

IF (M[I1] < M[I2])  // M[I1] ding trudc 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 > [2)
Thyc hién Bkt
B7.5: If (M[I1] < M[I1-1]) //Pa duyét hét 1 run phia dau trong M
Thyc 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: I12--

B8.4: If (11 > 12)
Thyc hién Bkt
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B8.5: If (M[I2] < M[I2+1]) //Pa duyét hét 1 run phia sau trong M
Thyc hién B15
B8.6: Lap lai B7

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

B9: IF (M[I2] < M[I12+1]) //Da 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[I2]
B10.2: J1++

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

B12: 12--

B13: IF (11> I2)

Thyc hién Bkt

B14: Lap lai B9

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

B15: IF (M[I1]< M[I1-1]) //Pa 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: [1++

B19: IF (11> I2)

Thyc hién Bkt

B20: Lap lai B15

Bkt: Két thuc

- Thuéat toan sdp xép trén ty nhién:

B1l: L =1 //Khditao chiéu dai ban dadu cda run dau tién
//Tim chiéu dai ban dau cida 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
Thyc hién Bkt
B5: Trén_Phan_Phéi(M, N, Temp, L)
B6: IF (L = N)
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// Chép cac phan td t0 Temp vé M

B6.1:1=1

B6.2: If (I > N)

Thyc hién Bkt

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

B6.4: I++

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

- Cai dat thuat toan trén tu nhién:

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

Ham thuc hién viéc sdp x€p N phan t& cé kiéu di liéu T trén mang M theo thd tu
tdng duya trén thuat toan sdp trén truc ty nhién. Ham si dung ham
NaturalMergeDistribute ¢é prototype va y nghia nhu sau:

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

Ham thyc hién viéc trén cac cdp run & hai ddu ddy M ma run dau tién cé chiéu dai L
thanh mét run mdéi chiéu dai I6n hon hodc bang L va phan phéi luan phién run méi
nay vé hai dau ddy Temp. Néi dung cia 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 < 12)
{ while (M[I1] <= M[I2] && 11 < I2)
{ if (Head == 1)
{ Temp[J1] = M[I1];
J1++;

b

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++;
if (FirstPair == 1)
L++;
b
else
{ Temp[J2] = M[I2];
J2--;
b
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12--;
b
if (Head == 1)
{ Templ[Jd1] = M[I2];
J1++;
If (FirstPair == 1)
L++;

}

else

{ Templ[J2] = M[I2];
J2--;

)

[2--;

FirstPair = O;

if (I1 > 12)
return;

Head = O — Head;

break;

)

if (I1 == 12)
{ Temp[J1] = M[I1];
if (I1 == N-1)
L=N;
return;

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

J1++;
if (FirstPair == 1)
L++;
)
else
{ Temp[J2] = M[I2];
J2--;
)
[2--;

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

else
{ Templ[J2] = M[I1];
J2--;
)
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[1++;
)
if (Head == 1)
{ Temp[d1] = M[I1];
J1+4;
)
else
{ Templ[J2] = M[I1];
J2--;
)
[1++;
FirstPair = O;
if (I1 > 12)
return;
Head = O — Head;
break;
)
)
if (I1 == 12)
{ Temp[J1] = M[I1];
if (I1 == N-1)
L=N;
return;
)
)
return;

)
[/===m==m==m==m==mscsssssossossossossossossossossossas
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[=0; 1 < N; I++)
M[I] = Templl];
break;
)
NaturalMergeDistribute(Temp, N, M, L);
)
delete Temp;
return;
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}

- Vi du minh hoa thuéat toan:
Gia st ta can sap xép mang M cé 10 phan tir sau (N = 10):
M: 51 39 45 55 20 15 20 17 40 10

T& thuc hién céc Ian tron cdc cap run ty nhién & hai dau day nay va két hép phan
phéi cdc run méi tron vé hai dau day kia nhy sau:

Lan L L=1

Trén cdc cap run ty nhién c6 chiéu dai L1 = 1 vd L2 = 2 trén M thadnh cac run c6
chiéu dai L = 3 vd két hép phan phdi luan phién cac run ndy vé hai dau day Tmp:

M:

Tmp:

Doi vai tr6 cud M va Tmp choé nhau

Lan 2. L =3
Trén cdc cdp run ty nhién c6 chiéu dai L1 = 3 vd L2 =5 trén M thanh cac run cé
chiéu dai L = 8 va két hép phan phoéi luan phién cac run ndy vé hai dau day Tmp:

M: 40 39

Tmp: 17 20 39 40 45
Doi vai tr6 cud M va Tmp cho6 nhau
M: 20 39 40 45

Lan 3: L =8
Trén cdc cap run ty nhién c6 chiéu dai L1 =8 vd L2 = 2 trén M thanh cac run cé
chiéu dai L = 10 va két hdp phan phoi luan phién cdc run nay vé hai dau day Tmp:

M: 20 39 40 45

Doi vai tr6 cud M va Tmp choé nhau
M: 10 15 17 20 20 39 40 45
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L = 10: K&t thuc thuat toan

- Phan tich thuat toan trén ty nhién:

+ Trong truéng hgp tét nhat, khi day cé thé ty tang thi ching ta khéng phai qua
budc phan phdi va trén 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 hdp x&u nhat, khi day cé tha ty giam & nia dau va cé tha ty tdng &
nda cudi va ¢ médi budc trén phan phdi thi dé dai duéng chay méi cing chi tdng
gap déi. Trong trudng hdp nay sé gidng 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 géan: Gavg = NxLog,(N)/2+1
S8 phép so sanh: Savg = NxLog>(N) + N + 1
S6 phép hoan vi: Havg = 0

-

&« Luuy:
+ Trong thuat toan nay chuing ta cling cé thé st dung 2 day phu Temp1, Temp2 nhu
trong thuat toan trén tryc ti€p, khi dé chung ta luén luén duyét t0 dau dén cudi
cac day chd khéng can thiét phai duyét t hai dau day vao gitta. Tuy nhién, trong
truéng nay thi bé nhd trung gian sé& tén nhiéu hon.
+ Trong cac thuat toan sidp xép theo phucng phap trén, viéc st dung nhiéu day phu
c6 thé lam gidm bdt s& 1an phan phdi va trén cac run. Tuy nhién, viéc quan ly cac
day phu sé phic tap hon.

3.3. Cac giai thuat sdp xép ngoai (Sdp xép trén tap tin)

3 day, do s6 phan ti di liéu thudng I6n nén mot phan di liéu can sdp xép dudc dua
vao trong bé nhd trong (RAM), phan con lai dudc luu trif 3 bé nhd ngoai (DISK). Do
vay, t6c d6 sidp x€p di liéu trén tap tin tuong déi cham. Cac giai thuat sap x&ép ngoai
bao gém cac nhém sau:

- S4p x€p bang phuong phap trén (merge sort),

- S4p x€p theo chi muc (index sort).
Nhu vay trong phan nay chung ta tim cach sdp xép tap tin F ¢4 N phan t¢ di liéu cé
kiéu T (khéa nhén dién cac phan ti dir liéu cé kiéu T) theo thd tu tdng.
3.3.1. Sdp xép bdng phuong phdp trén (Merge Sort)

Tuong ty nhu déi vsi sdp x€p theo phudng phap trén trén mang, trong cac thuat giai &
day chung ta sé tim cach phan phéi cac dudng chay trong tap tin da liéu vé cac tap tin
trung gian va sau dé lai trén tuong Ung cac cap dudng chay trén cac tap tin trung gian
thanh mét dudng chay mdi 6 chiéu dai 16n hon.
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Cac thuéat toan sdp x€p bing phucng phap trén trén tap tin bao gém:

- Thuat toan sép x&p trén thédng hay trén tryc tiép (straight merge sort),
- Thuét toan sap x&p trén ty nhién (natural merge sort),

- Thuét toan trén da 16i can bang (multiways merge sort),

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

o) day chung ta chi nghién cu hai thuat toan trén 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 c6 N run(s) vdi
chiéu dai méi run: L = 1, ta ti€én hanh phan phdi luan phién N run(s) cua tap tin Fd
vé K tap tin phu Ftl1, Ft2, .., FtK (Mi tap tin phu c¢6 N/K run(s)). Sau dé trén tuong
Ung ting bé K run(s) é K tap tin phy Ft1, Ft2, .., FtK thanh mét run mdi 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 phdi va trén cac run trén tap tin Fd thi s6 run trén tap tin
Fd sé& giam di K lan, déng thdi chiéu dai méi run trén Fd sé tdng 1én K lan. Do d6,
sau Logk(N) 1an phan phdi va trén thi tap tin Fd chi con lai 01 run véi chiéu dai la N
va khi dé tap tin Fd trd thanh tap tin cé thi tu.

Trong thuat gidi nay, dé dé theo déi chiing ta st dung 2 tap tin phu (K = 2) va qua
trinh phan phéi, trén cac run dudc trinh bay riéng thanh 2 thuat giai:

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

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

Gia st rdng cac 18i thao tac trén tap tin sé bi bé qua trong qua trinh thyc hién.
- Thuat toan phan phdi:

B1: Fd = fopen(DataFile, “r”) //M3J tap tin di¥ liéu can sép x€p dé doc dit lieu
B2: Ftl = fopen(DataTemp1, “w” //M3 tap tin trung gian thi nhat dé ghi di liéu
B3: Ft2 = fopen(DataTemp2, “w”) //M& tap tin trung gian thd hai dé ghi di liéu
B4: IF (feof(Fd)) //Pa phan phéi hét
Thuyc hién Bkt
//Chép 1 run t& Fd sang Ft1
B5: K =1 //Chi s6 dém dé duyét cac run
B6:IF (K > L) //Duyét hét 1 run
Thyc hién B12
B7: fread(&a, sizeof(T), 1, Fd) //Poc 1 phan ti cia run trén Fd ra bién tam a
B8: fwrite(&a, sizeof(T), 1, Ft1) //Ghi gia tri bién tam a vao tap tin Ft1l
B9: K++
B10: IF (feof(Fd)) //Da phan phdi hét
Thuyc hién Bkt
B11: Lap lai B6
//Chép 1 run t& 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 tU cia run trén Fd ra bién tam a
B15: fwrite(&a, sizeof(T), 1, Ft2) //Ghi gia tri bién tam a vao tap tin Ft2

B16: K++

B17: IF (feof(Fd)) //Da phan phéi hét

Thuyc hién Bkt
B18: Lap lai B13
B19: Lap lai B4
Bkt: K&t thac

- Thuat toan trén:

B1: Ft1 = fopen(DataTemp1, “r") //M3 tap tin trung gian thd 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 liéu
B4: fread(&al, sizeof(T), 1, Ft1) //Doc 1 phéan ti cda run trén Ftl ra bién tam al
B5: fread(&a2, sizeof(T), 1, Ft2) //Doc 1 phan tu cua run trén Ft2 ra bién tam a2
B6: K1 =1 //Chi s6 dé duyét cac run trén Ftl
B7: K2 =1 //Chi s6 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 tu trong Ftl
Thuyc hién B23
B8.4: fread(&al, sizeof(T), 1, Ft1)
B8.5: If (K1 > L) //Pa duyét hét 1 run trong Ftl
Thyc hién B11
B8.6: Ldp lai B8
B9: ELSE // a2 ding truéc al trén Fd
B9.1: fwrite(&aZ2, sizeof(T), 1, Fd)
B9.2: K2++
B9.3: If (feof(Ft2)) //Da chép hét cac phan tu trong Ft2
Thuyc hién B27
B9.4: fread(&aZ2, sizeof(T), 1, Ft2)
B9.5: If (K2 > L) //Pa duyét hét 1 run trong Ft2
Thyc hién B17
B9.6: Ldp lai B8
B10: Lap lai B6

//Chép phan run con lai trong Ft2 vé Fd
B11: IF (K2 > L) //Da 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 td 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)) //Da chép hét cac phan tu trong Ftl

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

//Chép cac phan tu con lai trong Ft2 vé Fd

B23: fwrite(&aZ2, sizeof(T), 1, Fd)
B24: IF (feof(Ft2))

Thuyc hién Bkt
B25: fread(&aZ2, sizeof(T), 1, Ft2)
B26: Lap lai B23

//Chép cac phan td con lai trong Ft1 vé Fd

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

Thyc hién Bkt
B29: fread(&al, sizeof(T), 1, Ft1)
B30: Lap lai B27
Bkt: Két thuc

- Thuat toan sdp xép trén thing:

B1l: L =1 //Chiéu dai ban dau cta cac run
B2: IF (L =2 N) //Tap tin Fd chi con 01 run
Thyc hién Bkt
B3: Phan_Phéi(DataFile, DataTemp1, DataTemp2, L)
B4: Trén(DataTemp1, DataTemp2, DataFile, L)
B5: L = 2*L
B6: Lap lai B2
Bkt: Két thuc

- Cai dat thuat toan:
Ham FileStraightMergeSort ¢6 prototype nhu sau:
int FileStraightMergeSort(char * DataFile);

Ham thyc hién viéc sdp x&€p céac phan ti cé ki€u dit lieu T trén tap tin cé tén
DataFile theo th ty tdng dya trén thuat toan sip trén truc ti€p. Néu viéc sdp x&p
thanh céng ham tra vé gia tri 1, trong trudng hdp ngudc 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 * DataTempl, char * DataTemp2, int L);

Ham thyc hién viéc phan phéi luan phién cac dudng chay cé chiéu dai L trén tap tin
d@ liéu <6 tén DataFile vé cho cac tap tin tam thdi cé tén tuong Ung la DataTempl
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va DataTemp2. Ham tra vé gia tri 1 n€u viéc phan phéi hoan tat, trong trudng hgp
ngudc lai ham tra vé gia tri 1.

int FileMerge(char * DataTemp]1, char * DataTemp2, char * DataFile, int L);

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

Ca hai ham nay déu st dung cac ham Finished dé lam nhiém vu “don dep” (déng
cac tap tin da md, hdy vung nhd da cap phat, ..) va trd vé mét gia tri nguyén dé két
thuc. Cac ham Finished cé 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);

N&éi dung ciia 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);

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

int FileDistribute(char * DataFile, char * DataTemp]1, char * DataTemp2, int L)
{ FILE * Fd = fopen(DataFile, “rb”);
if (Fd == NULL)
return (-1);
FILE * Ft1 = 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 (!feof(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, Ft1);
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));
)

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

int FileMerge(char * DataTempl1, char * DataTemp2, char * DataFile, int L)
{ FILE * Ft1 = fopen(DataTemp1, “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, aZ;
int SOT = sizeof(T);
if (fread(&al, SOT, 1, Ftl) < 1)
return (Finished(Fd, Ft1, Ft2, -1));
if (fread(&a2, SOT, 1, Ft2) < 1)
return (Finished(Fd, Ft1, Ft2, -1));
while (!feof(Ftl) && !feof(Ft2))
{ if (al <= a2)
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{ int t = fwrite(&al, SOT, 1, Fd);
if (t<1)
return (Finished(Fd, Ftl1, Ft2, -1));
Kl++;
t = fread(&al, SOT, 1, Ft1);
if (t<1)
{ if (feof(Ft1))
break;
return (Finished (Fd, Ftl1, Ft2, -1));
)
if (K1 ==1L)
{ 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, Ft1, Ft2, -1));
)
)
if (feof(Ft2))
break;
)
if (K1==L && K2==1)
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 ==1L)
{ 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, Ft1, Ft2, -1));

}
}
if (feof(Ft1))
break;
}
if (K1==L && K2==1)
K1 =K2 =0;

}

b
while (!feof(Ft1))

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

b
while (!feof(Ft2))

{ int 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));
)

b
return (Finished(Fd, Ft1, 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 * Templ = “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);

)

- Vi du minh hoa thuét toan sdp x&p trén théng:

Gia su di liéu 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€én hanh phan phéi va trén cac dudng chay cé chiéu dai cé dinh L:

Lan 1: L =1

Phan phdi luan phién cac duong chay chiéu dai L = 1 trén Fd vé Ft1 va Ft2:

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

Trén cac cdp dudng chay tucng ung chiéu dai L = 1 trén Ft1 va Ft2 thanh cac dudng
chay chiéu dai L = 2 (thuc t&€ L cé thé nhé hon 2) va dua vé Fd:

Ftl: 10
Ft2: 4

N |G
s 1N

S
g I=

Ftl: 10 15 1 22 14 5 40 36

Ftzz 4 2 20 15 30 8 31

Fd: 4 10 2 15 1 20 15 22 14 30 b5 8 31 40 36
Lan 2: L =2

Phan phdi luan phién cac dudng chay chiéu dai L < 2 trén Fd vé Ft1 va Ft2:

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

Ft2: 2 15 15 22 5 8 36

Trén cac cdp dudng chay tuong Ung chiéu dai L < 2 trén Ft1 va Ft2 thanh cac dudng
chay chiéu dai L < 4 va dua vé Fd:

Ft1: 4 10 1 20 14 30 31 40

Ftzz 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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Léan3: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

Trén cac cdp dudng chay tuong Gng chiéu dai L < 4 trén Ft1 va Ft2 thanh cac dudng
chay chiéu dai L < 8 va dua vé Fd:

Ft1: 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
Lan 4: L =8

Phan phdi luan phién cac dudng chay chiéu dai L < 8 trén Fd vé Ft1 va Ft2:

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

Ft2: 5 8 14 30 31 36 40

Trén cac cdp dudng chay tuong Ung chiéu dai L < 8 trén Ft1 va Ft2 thanh cac dudng
chay chiéu dai L < 16 va dua vé Fd. Thuat toan két thuac:

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 thuét giai nay chung ta luén thyc hién log>(N) lan phan phéi va trén cac run.

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

+ J mdi 1an trén run chuing ta ciing phai thyc hién: N 1an doc va ghi dia, 2N+N/2
phép so sanh (N lan so sanh hét run, N 1an so sanh hét tap tin va N/2 lan so sanh
cac cdp gia tri tuong Gng trén 2 tap tin phuy).

+ Trong moi trudng hgp:

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

+ Trong thuéat toédn nay chung ta st dung 2 tap tin phu dé thyc hién viéc phan phdi
va trén cac dudng chay. Khi sé tap tin phu tu 3 tap tin trdé 1én (K>2) thi cac thuat
toan tron dudc goi la tron da 16i (multiways) va sé& lam giam sé lan phan phéi — trén
cac dudng chay, tiéc la lam giam sé lan doc va ghi dia.

+ Can luu y la thdi gian thyc hién cac thuat gidi sip x€p/tim kiém trén tap tin phu
thuéc 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 trén ty nhién trén mang, ching ta tdn dung cac dudéng chay
ty nhién ban dau trén tap tin Fd <6 chiéu dai khéng cé dinh. Tién hanh phan phéi
luan phién cac dudng chay ty nhién nay cua tap tin Fd vé 2 tap tin phu Ft1, Ft2. Sau
dé trén tucng Ung ting cap dudng chay tu nhién & 2 tap tin phu Ftl, Ft2 thanh mét
dudng chay mdi cé chiéu dai bing téng chiéu dai cia cap hai dudng chay dem trén
va dua vé tap tin Fd.

Nhu vay, sau méi 1an phan phdi va tréon cac dudng chay ty nhién trén tap tin Fd thi
s6 duong chay ty nhién trén tap tin Fd sé& giam di mét nda, déng thdi chiéu dai cac
dudng chay ty nhién cing dudc ting lén. Do dé, sau t6i da Log-(N) lan phan phéi va
tron thi tap tin Fd chi con lai 01 dudng chay vdi chiéu dai la N va khi dé tap tin Fd
trd thanh tap tin <6 thi tu.

Trong thuat gidi nay chung ta st dung 2 tap tin phu (c6 thé si dung nhiéu hon) va
qua trinh phan phéi, trén cac dudng chay ty nhién dudc trinh bay riéng biét thanh 2
thuat giai:
+ Thuat gidi phan phdi luan phién (tach) cac dudng chay ty nhién trén tap tin Fd
vé hai tap tin phu Ft1, Ft2;

+ Thuét gidi trén (nhap) cac cdp dudng chay ty nhién trén hai tap tin Ft1, Ft2 vé
tap tin Fd thanh cac dudng chay ty nhién vdi chiéu dai Ion hon;

va chung ta cling gia s’ rdng cac 16i thao tac trén tap tin sé& bi bé qua.
- Thuat toan phan phdi:

B1: Fd = fopen(DataFile, “r”’) //M3J tap tin di¥ liéu can sép x€p dé doc dit lieu
B2: Ftl = fopen(DataTemp1, “w” //M3 tap tin trung gian thi nhat dé ghi di liéu
B3: Ft2 = fopen(DataTemp2, “w”) //M& tap tin trung gian thd hai dé ghi di liéu
B4: IF (feof(Fd)) //Pa phan phéi hét

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

//Chép 1 dudng chay tu nhién ta Fd sang Ft1

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

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

B12: fwrite(&a, sizeof(T), 1, Ft2) //Ghi gia tri bién tam a vao tap tin Ft2
B13: IF (feof(Fd)) //Da phan phéi hét
Thyc hién Bkt
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B14:
B15:

B16:
B17:
B18:

fread (&b, sizeof(T), 1, Fd)//Poc 1 phan t& cda run trén Fd ra bién tam b
IF (a >b) //DPa duyét hét 1 dudng chay ty nhién

B15.1: a=b// Chuyén vai tro cua b cho a

B15.2: Thyc hién B18

a=b

Lap lai B12

Ldp lai B6

Bkt: K&t thuc

- Thuat toan trén:

B1: Ft1 = fopen(DataTemp1, “r") //M& tap tin trung gian thd 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”) //MJ tap tin di liéu dé ghi dd liéu

B4: fread(&al, sizeof(T), 1, Ft1) //Doc 1 phan t cda run trén Ftl ra bién tam al

B5: fread(&a2, sizeof(T), 1, Ft2) //Doc 1 phan tu cua run trén Ft2 ra bién tam a2
B6: IF (al < a2) // al ding trudc a2 trén Fd

B6.1: fwrite(&al, sizeof(T), 1, Fd)
B6.2: If (feof(Ft1)) //Da chép hét cac phan tu trong Ftl
Thyc hién B21 //Chép cac phan tu con lai trong Ft2 vé Fd
B6.3: fread(&b1, sizeof(T), 1, Ft1) //Poc ti€p 1 phan tu trén Ftl ra bién tam b1
B6.4: If (al > b1) //Da duyét hét dudng chay tu nhién trong Ft1
B6.4.1: al = bl // Chuyén vai tro cua b1 cho al
B6.4.2: Thyc hién B9
B6.5: al = bl
B6.6: Lap lai B6

B7: ELSE // a2 ding trudc al trén Fd

B7.1: fwrite(&aZ2, sizeof(T), 1, Fd)
B7.2: If (feof(Ft2)) // Ba chép hét cac phan tu trong Ft2
Thyc hién B25 // Chép cac phan tu con lai trong Ft1 vé Fd
B7.3: fread(&b2, sizeof(T), 1, Ft2) //Poc ti€p 1 phan td trén Ft2 ra bién tam b2
B7.4: If (a2 > b2) // Da duyét hét dudng chay tu nhién trong Ft2
B7.4.1: a2 = b2 // Chuyén vai tro cua b2 cho a2
B7.4.2: Thyc 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:
B11:
Bl2:

B13:
B14:

IF (feof(Ft2)) // Ba chép hét cac phan tu trong Ft2

Thyc hién B25 //Chép cac phan td con lai trong Ft1 vé Fd
fread(&b2, sizeof(T), 1, Ft2)

IF (a2 > b2) // Ba chép hét 1 dudng chay ty nhién trong Ft2
B12.1: a2 = b2

B12.2: Lap lai B6

a2 = b2

Lap lai B9
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//Chép phan dudng chay tu nhién con lai trong Ft1 vé Fd

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

//Chép cac phan td con lai trong Ft2 vé Fd

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

Thyc hién Bkt
B23: fread(&aZ2, sizeof(T), 1, Ft2)
B24: Lap lai B21

//Chép cac phan tu con lai trong Ft1 vé Fd
B25: fwrite(&al, sizeof(T), 1, Fd)
B26: IF (feof(Ft1))
Thyc hién Bkt
B27: fread(&al, sizeof(T), 1, Ft1)
B28: Lap lai B25
Bkt: Két thuc

- Thuét toan sdp xép trén ty nhién:

B1: L = Phan_Phéi(DataFile, DataTemp1, DataTemp?2)
B2: IF (L =2 N) //Tap tin Fd chi con 01 run
Thyc hién Bkt
B3: L = Trén(DataTemp1, DataTemp?2, DataFile)
B4: IF (L 2 N) //Tap tin Fd chi con 01 run
Thyc hién Bkt
B5: Lap lai Bl
Bkt: K&t thac

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

Ham thuc hién viéc sdp x&€p cac phan ti cé ki€u dit lieu T trén tap tin cé tén
DataFile theo thU tu tdng dua trén thuat toan sdp trén ty nhién. Néu viéc sdp xép
thanh céng ham trd vé gia tri 1, trong trudng hgp ngudc lai (do c6 16i khi thyc hién
cac thao tac trén tap tin) ham trd vé gia tri —1. Ham s& dung cac ham
FileNaturalDistribute, FileNaturalMerge ¢é prototype va y nghia nhu sau:

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

Ham thyc hién viéc phan phdi luan phién cac dudng chay tu nhién trén tap tin d
liéu c6 tén DataFile vé cho cac tap tin tam thdi cé tén tucng Ung la DataTemp1 va
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DataTemp2. Ham tra vé gia tri la chiéu dai cia dudng chay ty nhién dau tién trong
tap tin di liéu DataFile néu viéc phan phéi hoan tat, trong trudng hgp ngudgc lai ham
tra vé gia tri —1.

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

Ham thuc hién viéc trén tung cdp tuong Gng cac dudng chay tu nhién 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 bang téng chiéu dai 2 dudng chay dem trén. Ham
tra vé chiéu dai cua dudng chay ty nhién dau tién sau khi trén trén tap tin DataFile
néu viéc trén hoan tat, trong trudng hgp ngudc lai ham tra vé gia tri 1.

N6i dung cda cac ham nhu sau:

int FileNaturalDistribute(char * DataFile, char * DataTemp]1, char * DataTemp?2)
{ FILE * Fd = fopen(DataFile, “rb”);
if (Fd == NULL)
return (-1);
FILE * Ft1 = fopen(DataTemp]1, “wb”);
if (Ft1 == NULL)
return (Finished (Fd, -1));
FILE * Ft2 = fopen(DataTemp2, “wb”);
if (Ft2 == NULL)
return (Finished (Fd, Ftl, -1));
T a, b;
int SOT = sizeof(T);
int L = 0, FirstRunl = 1;
if (fread(&a, SOT, 1, Fd) < 1)
{ if (feof(Fd))
return (Finished(Fd, Ft1, Ft2, 0));
return (Finished (Fd, Ftl1, Ft2, -1));
b
while (!feof(Fd))
{ do { int t = fwrite(&a, SOT, 1, Ft1);
if (t<1)
return (Finished (Fd, Ft1, Ft2, -1));
if (FirstRun1 == 1)

L++;
t = fread(&b, SOT, 1, Fd);
if (t<1)
{ if (feof(Fd))
break;
return (Finished (Fd, Ftl1, Ft2, -1));
)
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, Ft1, Ft2, -1));
t = fread(&b, SOT, 1, Fd);
if (t<1)
{ if (feof(Fd))
break;
return (Finished (Fd, Ftl1, Ft2, -1));
)
if (a > b)
{ a=b;
FirstRunl = O;
break;

a = b;
)
while (1);

}
return (Finished (Fd, Ftl1, Ft2, L);

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

b
while(!feof(Ft2))

{ int t = 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, Ft1, 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 = 0O;
do{ L = FileNaturalDistribute(DataFile, Temp1, TempZ2);
if (L ==-1)
{ remove(Templ);
remove(Temp2);
return (-1);

b
if (L ==N)
break;
L = FileNaturalMerge(Temp1, Temp2, DataFile);
if (L ==-1)
{ remove(Templ);
remove(Temp2);
return (-1);

}
if (L ==N)
break;

b
while (L < N);

remove(Temp1);
remove(Temp2);
return (1);

)
- Vi du minh hoa thuat toan sdp x&p trén ty nhién:
Gia su di liéu ban dau trén tap tin Fd nhu sau:
80 24 5 12 11 2 2 15 10 35 35 18 4 1

Ta ti€n hanh phan phéi va trén cac dudng chay ty nhién:
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Lan 1: L =1

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

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

Ft2: 24 11 10 35 35 4

Trén cac cdp dudng chay ty nhién tuong Ung trén Ft1 va Ft2 thanh cac dudng chay
ty nhién trong dé dudng chay ty nhién dau tién cé chiéu dai L = 2 va dua vé Fd:

Ftl: 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 Ft1 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 cdp dudng chay ty nhién tuong Ung trén Ft1 va Ft2 thanh cac dudng chay
ty nhién trong dé dudng chay ty nhién dau tién cé 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 1 2 2 4 6 10 15 18 35 35
Lan 3: L =5

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

Fd: 5 11 12 24 80 1 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 cdp dudng chay ty nhién tuong Ung trén Ft1 va Ft2 thanh cac dudng chay
ty nhién trong dé dudng chay ty nhién dau tién cé 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 hdp t6t nhat, khi day cé tht ty tdng thi sau khi phan phéi lan tha
nhat thuat toan két thac, do dé:

S6 lan doc — ghi dia: Dmin = N
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S8 phép so sanh: Smin = 2N

+ Trong truéng hdp x4u nhét, khi day cé thid ty gidm va & mdi budc trén phan phdi
thi dé dai dudng chay mdi ciing chi tdng gdp déi. Trong trudng hgp nay sé giéng
nhu thuéat toan trén tryc tiép:

S6 lan doc va ghi dia: Dmax = 2NxLog>(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)

Théng thudng kich thudc cua cac phan t& di liéu trén tap tin di liéu kha Ion va kich
thudc cia tap tin di liéu cing Ion. Va lai bién déng di liéu trén tap tin di liéu it lién tuc
ma chu yéu la chung ta truy xuét dif liéu thudng xuyén. Do vay, viéc doc — ghi nhiéu

lén tap tin d@ liéu sé& lam cho thdi gian truy xuét tap tin d@ liéu rat mat nhiéu thdi gian

va khéng bdo dam an toan cho dir liéu. D€ giai quyét van dé nay ching ta ti€én hanh

thao tac tap tin di liéu théng qua mét tap tin tuan ty chi muc theo khéa nhan dién cia
cac phan td dua liéu.

a. Tu tuong:

Tu tap tin d liéu ban dau, chuang ta tién hanh tao tap tin chi muc theo khéa nhan
dién cua cac phan tu di liéu (Tap tin chi muc dudc sdp x&p tidng theo khéa nhan
dién cia cac phéan ti di liéu). Trén cd sd truy xuét lan lugt cac phan td trong tap tin
chi muc ching ta sé& diéu khién trat ty xuat hién clda cac phan ti di liéu trong tap tin
di liéu theo dung trat tu trén tap tin chi muc. Nhu vay trong thyc tién, tap tin d@ liéu
khéng bi thay déi thi tu vat ly ban dau trén dia ma chi bj thay déi trat ty xuéat hién
cac phan td da liéu khi dudc liét ké ra man hinh, may in, ...

V& c&u truc cac phan tu 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 tap tin chi
muc theo khéa nhan dién tu tap tin di liéu ban dau va cach thdc ma tap tin chi muc
sé diéu khién thu ty xuat hién cda cac phan ti di liéu trén tap tin di liéu. Hai thao
tac nay sé dudgc trinh bay riéng thanh hai thuét toan:

- Thuét toan tao tap tin chi muc
- Thuat toan diéu khién thi ty xuat hién cac phéan ti di liéu dua trén tap tin chi muc.

. Thudt todn:
- Thuét toan tao tap tin chi muc

B1: Fd = open(DataFile, “r”) //M3J tap tin di liéu dé doc di liéu
B2: Fidx = open(ldxFile, “w”) // M3 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: Két thuc

- Thuat toan diéu khién thi ty xuat hién cac phan tk dif liéu dya trén tap tin chi muc

B1: Fd = open(DataFile, “r”) //M3J tap tin di liéu dé doc di liéu
B2: Fidx = open(ldxFile, “r”) // M3 tap tin chi muc dé doc
B3: read (Fidx, ai)
B4: IF (EOF(Fidx))
Thyc hién B9
B5: seek(Fd, ai.Pos)
B6: read (Fd, a)
B7: Output (a) //X@ ly phan t& dd liéu méi doc dugdc
B8: Lap lai B3
B9: close (Fd)
B10: close (Fidx)
Bkt: Két thuc

c. Cai ddt thudt todn:

Ham Createlndex thyc hién viéc tao tap tin chi muc tu tap tin di liéu va sdp xép cac
phan tu trong tap tin chi muc theo thi ty tdng theo khéa nhan dién. N&u viéc tao tap
tin chi muc thanh céng, ham tra vé gia tri 1, ngudc lai ham tra vé gia tri —-1. Ham
Createlndex c6 prototype nhu sau:

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

No6i dung cliia 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 = O;
while (!feof(Fd))
{ if (fread (&a, SOT, 1, Fd) < 1)
{ if (feof(Fd))
break;
return (Finished (Fd, Fidx, -1));
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)
ai.Key = a.Key;
ai.Pos = CurPos;
if (fwrite (&ai, SOI, 1, Fidx) < 1)
return (Finished (Fd, Fidx, -1));
CurPos += SOT;
)
fclose (Fd);
fclose (Fidx);
if (FileNaturalMergeSort(ldxFile) == -1)
{ remove (IdxFile);
return (-1);

}

return (1);
b
Ham DisplayData thuc hién diéu khién th( ty xu&t hién cac phan td dd liéu trén tap
tin di liéu dya trén tap tin chi muc da dugc tao. Néu viéc liét ké thanh céng, ham tra
vé gia tri 1, ngudgc lai ham tra vé gia tri —1. Ham DisplayData c6 prototype nhu sau:

int DisplayData (char * DataFile, char * IdxFile);
Noi dung cia 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));
b
fseek(Fd, ai.Pos, SEEK_SET);
if (fread (&a, SOT, 1, Fd) < 1)
return (Finished (Fd, Fidx, -1));

Output(a);
b
return (Finished (Fd, Fidx, 1));
b
& Luuy:
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Ham Output thuc hién viéc xudt théng tin cia mét phan td di liéu ra thiét bj xuat
théng tin. Ngoai ra, néu ching ta muén xu ly di liéu trong phan ti di liéu nay theo
tht tu diéu khién bdi tap tin chi muc thi ching ta ciing <6 thé viét mét ham thuc
hién thao tac xi& ly thay cho ham Output nay.

. Phdn tich thudt todn:

Trong thuét toan nay chung ta phai thuc hién it nhat 01 lan tao tap tin chi muc. Dé
tao tap tin chi muc chung ta phai thyc hién N lan doc — ghi dia. Khi thyc hién viéc
liéet ké cac phan tu di liéu ching ta cing phai thyc hién 2N lan doc dia.

Nhugc diém 16n nhéat trong thuat toan nay la chiing ta phai cap nhét lai tap tin chi
muc khi c6 sy thay déi dit liéu trén tap tin di liéu.

Céu hdi va Bai tap

1.
2.

Trinh bay tu tudng cua cac thuat toan sadp xép?

Trong cac thuat toan sdp x&p ban thich nhat la thuat toan nao? Thuéat toan nao ban
khéng thich nhat? Tai sao?

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

nhan xét vé cac thuat toan nay?

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

khdc phuc nhiing nhudc diém nay la nhu thé nao?

. St dung ham random trong C dé tao ra mét day M cé 1.000 s& nguyén. Van dung

cac thuat toan sdp xé€p dé sdp x&p cac phan td ctia mang M theo thi ty tdng dan vé
mat gia tri. V8i cung mét d liéu nhu nhau, cho biét théi gian thuyc hién cac thuat
toan? Co nhan xét gi déi v6i 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 sé6 hang cua mét da thic bac n bao gébm: Hé s6 — la mét sé thuc,

Bac — la mét s8 nguyén co gia tri td O dén 100. Hay dinh nghia c&u tric di liéu dé
luu trid cac da thdc trong bé nhd trong cia may tinh. V38i cdu trac da liéu da dugce
dinh nghia, hay van dung mét thuat toan sap x&p va cai dat chuong trinh thyc hién
viéc sdp x&p cac s6 hang trong da thic theo thi tu tdng dan cia cac bac.

. Théng tin vé cac phéng thi tai mét héi dong thi bao gém: S8 phong — la mét s6

nguyén co gia tri t& 1 dén 200, Nha - la mot ch cai in hoa t A — Z, Kha nang
chita — la mét s6 nguyén cé gia tri t¢ 10 — 250. Hay dinh nghia c4du trdc di liéu dé
luu tr cac phéng thi nay trong bé nhé trong clda may tinh. Véi cdu tric di liéu da
dudc dinh nghia, van dung cac thuat toan sdp xép va cai dat chuong trinh thyc hién
viéc cac cbng viéc sau:
- S4p x&€p va in ra man hinh danh sach cac phong thi theo thi ty gidam dan vé Kha
nang chuda.
- Sdp x&p va in ra man hinh danh sach cac phéng thi theo tha tu tadng dan theo
Nha (Tuw A — Z), cac phéng cing mét nha thi sdp x&p theo thid ty tdng dan theo
S6 phong.
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- Sdp x&p va in ra man hinh danh sach cac phong thi theo thd tu tadng dan theo
Nha (Tu A — Z), cac phong cung mét nha thi sdp x&p theo thi ty giam dan theo
Kha nang chia.

8. Tao tap tin di lieu SONGUYEN.DAT gém 10000 sé nguyén. Van dung cac thuat toan
sdp x&p trén file, hay cai d&t chuong trinh dé sdp x&p di liéu trén tap tin nay theo
th ty tdng dan vé gia tri cia cac sé nguyén trong dé. Cho biét thdi gian thyc hién
mdi thuat toan? Cé nhan xét gi ddi véi cac thuat toan nay?

9. Théng tin vé mét sinh vién bao gém: Ma sé — la mét sé nguyén duong, Ho va dém —
la mét chudi cé téi da 20 ky tu, Tén sinh vién — la mét chudi cé t8i da 10 ky tu,
Ngay, thang, ndm sinh - la cac s& nguyén ducng, Phai - La “Nam” hodc “Ni#”, Diém
trung binh — 14 cac sé thyc c¢é gia trj to 0.00 — 10.00. Viét chuong trinh nhap vao
danh sach sinh vién (it nhat 1a 10 sinh vién, khéng nhap trung ma gitta cac sinh vién
véi nhau) va luu trd danh sach nay vao tap tin ¢é tén SINHVIEN.DAT, sau dé van
dung cac thuit toan sdp xé&p trén file dé€ sdp x&€p danh sach sinh vién theo thi ty tang
dan theo Ma sinh vién. In danh sach sinh vién trong file SINHVIEN.DAT sau khi sap
x€p ra man hinh.

10. V&i tap tin diT liéu <6 tén SINHVIEN.DAT trong bai tap 9, thuc hién cac yéu cau sau:
- Tao cac tap tin chi muc theo cac khéa trong cac truéng hgp sau:
+ Chi muc sap x&p theo Ma sinh vién tang dan;

+ Chi muc sdp x€p theo Tén sinh vién t& A — Z, néu cung tén thi sdp sép Ho va
dém theo thi ty to A — Z;

+ Chi muc sép x&p theo Diém trung binh gidam dan.

- Luu cac tdp tin chi muc theo cac khéa nhu trong ba truéng hgp néu trén vao
trong dia vdi cac tén tuong ung la SVMASO.IDX, SVTH.IDX, SVDTB.IDX.

- Dua vao cac tap tin chi muc, in ra toan bé danh sach sinh vién trong tap tin
SINHVIEN.DAT theo dung tht sy sdp xép quy dinh trong cac tap tin chi muc.

- C6 nhéan xét gi khi thyc hién viéc sdp x&p di liéu trén tap tin theo chi muc.

11. Trinh bay va cai d4t cac thuit toan dé€ cép nhat lai tap tin chi muc khi tap tin da
lieu bi thay déi trong cac truéng hdp sau:

- Khi thém 01 phan t d{ liéu vao tap tin di liéu.
- Khi hdy 01 phan t& di liéu trong tap tin di liéu.
- Khi hiéu chinh thanh khéa chi muc cua 01 phan td d@ liéu trong tap tin di liéu.

12. Trinh bay va cai dat cac thuat toan dé minh hoa (mé phdng) cac budc trong quéa
trinh sdp x&p di liéu cho cac thuat toan sdp x&p ndi (St 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 tdp hdp cac phan ti cé kiéu dit liéu xac dinh va gita ching cé mét méi
lién hé nao dé.

S8 phan ti cua danh sach goi la chiéu dai cia danh sach. Mét danh sach cé chiéu dai
bdng 0 la mét danh sach réng.

4.2. Cac phép toan trén danh sach

Tuy thuéc vao dic diém, tinh chat cda tung loai danh sach ma méi loai danh sach cé
thé c6 hodc chi can thiét cé mét sé phép toan (thao tac) nhat dinh nao dé. Néi chung,
trén danh sach thudng c¢é cac phép toan nhu sau:

- Tao m&i mét danh sach:
Trong thao tac nay, chung ta sé dua vao danh sach néi dung cia cac phan tu, do
vay chiéu dai cia danh sach sé& dudc xac dinh. Trong mét sé trudng hdp, chung ta
chi can khdi tao gia tri va trang thai ban dau cho danh sach.

- Thém mét phan tif vao danh sach:
Thao tac nay nhdm thém mét phan td vao trong danh sach, néu viéc thém thanh
céng thi chiéu dai cia danh sach sé tang lén 1. Cang tuy thuéc vao tung loai danh
sach va tiing trudng hdp cu thé ma viéc thém phéan ti sé dudc tién hanh dau, cudi
hay gitta danh sach.

- Tim ki€m mét phan tk trong danh sach:
Thao tac nay sé& van dung céac thuit toan tim kiém dé tim ki€ém mét phan td trén
danh sach thda man mét tieu chudn nao dé (thudng la tiéu chuan vé gia tri).

- Loai bd bét mét phan tif ra khdi danh sach:
Ngudc vdi thao tac thém, thao tac nay sé loai bé bdt mét phan td ra khdi danh sach
do vay, néu viéc loai bd thanh céng thi chiéu dai cia danh sach cing bi giam xuéng
1. Théng thudng, trudc khi thyc hién thao tac nay chung ta thuéng phai thuc hién
thao tac tim kiém phan tu can loai bd.

- Cap nhat (stta déi) gia tri cho mét phén ti trong danh sach:

Thao tac nay nhdm sita déi néi dung ctia mét phan ti trong danh sach. Tudng ty nhu
thao tac loai bd, trudc khi thay déi thudng ching ta ciing phai thyc hién thao tac tim
ki€m phéan t& can thay déi.

- S4p x&p thit ty cac phan tlf trong danh sach:

Trong thao tadc nay ching ta sé van dung cac thuét toan sdp xép dé sdp x&p céc
phan tu trén danh sach theo mét trat ty xac dinh.

- Tach mét danh sach thanh nhiéu danh sach:
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Thao tac nay thyc hién viéc chia mét danh sach thanh nhiéu danh sach con theo mét
tiéu thiic chia nao dé. Két qua sau khi chia la t6ng chiéu dai trong cac danh sach
con phai bang chiéu dai cia 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 mot
danh sach cé chiéu dai bang téng chiéu dai cac danh sach con. Tuy vao tiing truéng
hdp ma viéc nhép cé thé la:

+ Ghép néi dudi cac danh sach lai véi nhau,

+ Trén xen l4n cac phan t trong danh sach con vao danh sach 16n theo mét trat
tu nhéat dinh.

- Sao chép mét danh sach:

Thao tac nay thyc hién viéc sao chép toan bd néi dung clia danh sach nay sang mét
danh sach khéc sao cho sau khi sao chép, hai danh sach cé néi dung giéng hét nhau.

- Hay danh sach:

Thao tac nay sé& ti€n hanh huy bd (x6a bd) toan bé cac phan tu trong danh sach.
Viéc xéa bd nay tuy vao ting loai danh sdch ma cé thé la xéa bd toan bé néi dung
hay ca néi dung 1an khéng gian bé nhd luu trit danh sach.

4.3. Danh sach dac (Condensed List)

4.3.1. Pinh nghia

Danh sach dic la danh sach ma khéng gian bé nhdé luu trid cac phan td dugc dit lién
ti€p nhau trong bé nhd.

4.3.2. Biéu dién danh sdch ddc

P& biéu dién danh sach ddc ching ta st dung mét day (mang) cac phéan td <6 kiéu di
liéu la ki€u dir liéu cuia cac phéan ti trong danh sach. Do vay, ching ta can biét truéc sé
phéan t t6i da cia mang cing chinh la chiéu dai t8i da cua danh sach théng qua mét
hdng s6 nguyén. Ngoai ra, do chiéu dai cua danh sach luén luén bién déng cho nén
chung ta ciing can quan ly chiéu dai thyc cia danh sach théng qua mét bién nguyén.

Gia su chung ta quy udc chiéu dai t8i da cia danh sach didc la 10000, khi dé c&u truc
dir liéu dé€ biéu dién danh sach ddc nhu sau:

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

Néu ching ta st dung co ché cap phat déng dé cap phat bé nhé cho danh sach dic thi
can kiém tra sy thanh céng cia viéc c&p phat déng.

4.3.3. Cdc thao tdc trén danh sdch dac

o) day <6 nhiéu thao tac da dugc trinh bay & cac chuong trudc, do vay chung ta khéng
trinh bay lai ma chi liét k& cho cé hé théng hodc trinh bay tém tét nhitng néi dung
chinh cia céac thao tac nay.
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Cac thao tac ¢d ban trén danh sach ddc nhu sau:

a. Khaoi tao danh sdch (Initialize):

Trong thao tac nay chi don gian la chang ta cho chiéu dai cia danh sach vé 0. Ham
khdi tao danh sach ddc nhu sau:

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

b
b. Tao moi danh sach/ Nhdp danh sdch:
Ham CD_Create_List cé prototype:
int CD_Create_List(T M][], int &Len);

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

Noi dung cia ham nhu sau:

int CD_Create_List(T M][], int &Len)
{ if (Len > MaxLen)
Len = MaxLen;
for (inti=0;1i < Len; i++)
M][i] = Input_One_Element();
return (Len);

}

Luu y: Ham Input_One_FElement thuc hién nhdp vao néi dung ciia mét phan ti <6 kiéu
da ligu T va tra vé gia tri cua phan td mdi nhap vao. Tuy vao ting trudng hgp
cu thé ma chung ta viét ham Input_One_Element cho phu hgp.

c. Thém mot phén tii vao trong danh sdch:

Gia st ching ta can thém mét phan td <6 gia tri NewValue vao trong danh sach M cé
chiéu dai Length tai vi tri InsPos.

- Thuat toan:

B1: IF (Length = MaxLen)
Thyc hién Bkt

//D&i cac phan tu t vi tri InsPos->Length ra sau mét vi tri
B2: Pos = Length+1
B3: IF (Pos = InsPos)
Thyc hién B7
B4: M[Pos] = M[Pos-1]

B5: Pos--

B6: Lap lai B3

B7: M[InsPos] = NewValue //Pua phan tu cé gia tri NewValue vao vi tri InsPos
B8: Length++ //Tang chiéu dai cia danh sach 1én 1

Bkt: Két thac
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- Cai dat thuat toan:

Ham CD_Insert_Element c6 prototype:
int CD_Insert_Element(T M][], int &Len, T NewValue, int InsPos);

Ham thuc hién viéc chén phan t& <6 gia tri NewValue vao trong danh sach M cé
chiéu dai Len tai vi tri InsPos. Ham trd vé chiéu dai thuc cda danh sach sau khi
chén néu viéc chén thanh céng va ngudc lai, ham tra vé gia tri -1. Néi 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--)
MJi] = MJ[i-1];

M[InsPos] = NewValue;
Len++;
return (Len);

)
d. Tim kiém mét phan it trong danh sdch:

Thao tac nay ching ta st dung cac thuéat toan tim kiém néi (Tim tuyén tinh hodc tim
nhj phan) da dugc trinh bay trong Chuong 2.

e. Loai bé b6t mét phan i ra khéi danh sdch:

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

- Thuat toan:

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

//Ddi cac phan td t vi tri DelPos+1->Length ra trudc mét vi tri
B2: Pos = DelPos
B3: IF (Pos = Length)
Thyc hién B7
B4: M[Pos] = M[Pos+1]
B5: Pos++
B6: Lap lai B3
B7: Length-- //Giam chiéu dai cia danh sach di 1
Bkt: Két thuc

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

Ham thuc hién viéc x6a phan ti tai vi tri DelPos trong danh sach M cé chiéu dai
Len. Ham tra vé chiéu dai thyc cia danh sach sau khi xéa néu viéc xéa thanh
céng va ngudgc lai, ham tra vé gia tri -1. N6i dung cia ham nhu sau:
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int CD_Delete_Element(T M][], int &Len, int DelPos)
{ if (Len == O Il DelPos >= Len)

return (-1);

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

Len--;

return (Len);

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

Gia sU ching ta can sia déi phan t tai vi tri ChgPos trong danh sach M cé chiéu dai
Length thanh gia tri méi NewValue. Thao tac nay chi don gia la viéc gan lai gia tri
mdi cho phéan t can thay déi: M[ChgPos] = NewValue;

Trong mét sé trudng hdp, trudc tién chung ta phai thyc hién thao tac tim ki€ém phéan
ti can thay déi gia tri dé xac dinh vi tri cia né sau dé mdi thyc hién phép gan nhu
trén.

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

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

h. Tach mét danh sach thanh nhiéu danh sdch:

Tuy thuéc véo tiing yéu cau cy thé ma viéc tdch mét danh sach thanh nhiéu danh
sach c6 thé thyc hién theo nhitng tiéu thiic khac nhau:

+ C6 thé phan phdi luan phién theo cac duéng chay nhu da trinh bay trong cac
thuat toan sdp xé&p theo phuong phap trén & Chuong 3;

+ C6 thé phan phdi luan phién tiing phan cia danh sach cén tach cho cac danh
sach con. O day chuing ta sé trinh bay theo cach phan phéi nay;

+ Tach cac phan tu trong danh sach thda man mét diéu kién cho trudc.

Gia st ching ta can tach danh sach M c6 chiéu dai Length thanh cac danh sach con
SM1, SM2 c6 chiéu dai tuong ung la SLen1, SLen2.

- Thuat toan:

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

SLenl =0
B5: IF (SLen2 < 0)
SLen2 =0
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// Chép SLen1 phan tu 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 t& cudi trong M vao SM2
Bll:si=1
B12: IF (i > Length)

Thyc hién Bkt
B13: SM2[si] = M]i]
B14: i++, si++
B15: Lap lai B12
Bkt: Két thuc

- Cai dat thuat toan:
Ham CD_Split c6 prototype:
void CD_Split(T M][], int Len, T SMIJ], int &SLen1, T SMZ2[], int &SLen2);

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

N6i dung cda ham nhu sau:

void CD_Split(T M][], int Len, T SMI]], int &SLenl, T SMZ2[], int &SLen2)
{ if (SLen1 >= Len)

{ SLenl = Len;
SLen2 = O;
b
if (SLen2 >= Len)
{ SLen2 = Len;
SLenl = O;
b

if (SLenl < O) SLenl = 0;
if (SLen2 < 0) SLen2 = 0;
if (SLenl + SLen2 != Len)
SLen? = Len - SLenl;
for (inti=0;1i < SLenl; i++)

SMI1Ji] = M[i];

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

return;

}
i. Nhap nhieu danh sdch thanh mét danh sdach:

Tuy thudc vao tiing yéu cau cy thé ma viéc nhap nhiéu danh sach thanh mét danh
sach c6 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;

+ Trén xen l4n cac phan t trong danh sach con vao danh sach 16n theo mét trat
tu nhat dinh nhu ching ta da trinh bay trong cac thuét toan trén & Chuong 3.

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

Gia st chuang ta can ghép cac danh sach SM1, SM2 cé chiéu dai SLenl, SLen2 vao
thanh mét danh sach M cé chiéu dai Length = SLen1 + SLen2 theo th( ty to SM1 réi
dén SM2.

- Thuat toan:

// Kiém tra kha nang chita ctia M: SLen1 + SLen2 < MaxLen
B1: IF (SLenl + SLen2 > MaxLen)
Thuyc 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 t& dau trong SM2 vao sau M
B7:si=1
B8: IF (si > SLen2)
Thuyc hién Bkt
BO: M[i] = M2[si]
B10: i++, si++
B11: Lap lai B8
Bkt: Két thuc

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

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

Néi dung cia ham nhu sau:

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

return (-1);

for (inti =0;1i < SLenl; i++)
M[i] = SM1]i];

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

Len = SLen1 + SLen?2;
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return (Len);

b
J. Sao chép mot danh sdch:

Gia sU chung ta can sao chép néi dung dach sach M c6 chiéu dai Length vao thanh
danh sach CM c6 cung chiéu dai.
- Thuat toan:

Bl:i=1

B2: IF (i > Length)

Thuyc hién Bkt

B3: CM][i] = MJi]
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 thuc 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 cia danh sach CM sau khi sao
chép.
N6i dung cda ham nhu sau:
int CD_Copy (T M][], int Len, T CM[])
{ for (inti=0;i< Len;i++)
CMi] = M[i];
return (Len);
}
k. Huy danh sdch:
Trong thao tac nay, néu danh sach dugc cdp phat déng thi chung ta tién hanh huay
bd (x6a bd) toan bé cac phan tu trong danh sach bang toan t& huy bd (trong C/C++
la free/delete). Néu danh sach dugc cap phat tinh thi viéc hay bd chi la tam thdi cho
chiéu dai cia danh sach vé 0 con viéc thu héi bé nhé sé& do ngén ngi ty thyc hién.

4.3.4. Uu nhuoc diém va Ung dung

a. Uu nhuoc diém:

Do cac phan ti dudc luu tri lién tiép nhau trong bé nhd, do vay danh sach dic cé
céc uu nhugc diém sau day:

- Mat dé st dung bd nhé cia danh sach dac la téi uu tuyét déi (100%);

- Viéc truy xudt va tim ki€m cac phan tu cda danh sach ddc la dé dang vi cac phan
td ding lién nhau nén ching ta chi can st dung chi s6 dé dinh vi vi tri cac phan ta
trong danh sach (dinh vi dia chi cac phan tu);

- Viéc thém, bdSt cac phan td trong danh sach ddc cé nhiéu khé khan do chung ta
phai di ddi cac phan ti khac di qua chd khac.
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b. Ung dung ciia danh sdch dic:

Danh sach ddc dudc Ung dung nhiéu trong céac ciu triuc dd liéu mang: mang 1 chiéu,
mang nhiéu chiéu; Mang c4dp phat tinh, mang cdp phat déng; .. ma ching ta da
nghién ctu va thao tac kha nhiéu trong qua trinh 1ap trinh trén nhiéu ngén ngi lap
trinh khac nhau.

4.4. Danh sach lién két (Linked List)

4.4.1. Pinh nghia

Danh sach lién két 14 tdp hgp cac phan t& ma gitta chung cé mét sy néi két véi nhau
théng qua vung lién két cua chung.

Sy néi két gilta cac phan tu trong danh sach lién két d6 14 su quan ly, rang budc lan
nhau vé néi dung cda phan td nay va dia chi dinh vi phan tu kia. Tay thudéc vao muc dé
va céach thic néi két mé danh séach lién két cé thé chia ra nhiéu loai khac nhau:

- Danh sach lién két don;

- Danh sach lién két doi/kép;

- Danh sach da lién két;

- Danh sach lién két vong (vong don, vong déi).
Méi loai danh sach s& cé cach bi€u dién cac phan ti (cdu tric di liéu) riéng va cac

thao tac trén dé. Trong tai liéu nay ching ta chi trinh bay 02 loai danh sach lién két co
ban 14 danh sach lién két don va danh sach lién két déi.

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

A. Cau truc dif ligu:

No6i dung cua mdi phan ti trong danh sach lién két (con goi la mét nut) géom hai
vung: Vung di liéu va Vang lién két va c6 cdu trdc di liéu nhu sau:

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

Tuong tu nhu trong cac chudng trudc, & day dé€ don gidn chuing ta ciing gia thiét
rdng vung dd liéu cia méi phan tt trong danh sach lién két don chi bao gém mét
thanh phan khéa nhan dién (Key) cho phan t& dé. Khi dé, c4u 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 tu ké tiép

} SLL_OneNode;

typedef SLL_OneNode * SLL_Type;
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Dé quan ly mot danh séach lién két chung ta cé thé si dung nhiéu phwong phap khac

nhau va twong rng voi cac phwong phdp ndy chung td sé c6 cac cau trac dir liéu
khac nhau, cu thé:

- Quan ]y dia chiphan t&r dau danh séch:
SLL_Typé SLListl;
Hinh anh minh hoa:

SLListl NULL

- Quan ]y dia chiphan t& dau va cudi danh sach:

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

SLLP_Type SLList2;

Hinh anh minh hoa:

- Quan ]y dia chiphan t& dau, dia chiphan tr cudi va s6'phan tlr trong danh sach:

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

SLLPN_Type SLList3;

Hinh anh minh hoa:

4

NumNodé =7
B. Céac thad tac trén danh sach lién két don:

VG6i moi cach quan ly khac nhau cua danh sach lién két don , cac thao tdc cung se
co su khac nhau vé mat chi tiét song ndi dung c¢ ban it co sw khac nhau. Do vay, &
day chung t& chi trinh bay cac thao tdc theo cach quéan ly thy’ nhat (quan ly dia chi

cua phan ty dau danh sach lién két dén), cac cach quéan ly khéac sinh vién ty van
dung dé diéu chinh cho thich hép.
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a. Khoi tao danh sach (Initialize):

Trong thao tadc nay chi don gian la ching ta cho gia tri con tro quan ly dia chi phan
t0’ dau danh sach vé con tro NULL. Ham khoi tao danh sach lién két don nhuv sau:

void SLL_Initializé(SLL_Typé &First)
{ First = NULL;
return;

}

Hinh anh minh hoa:

SLListl NULL

b. Tao m&i motphan tr/ nat:
Gia slr chiing ta can tao m@&i mot phan tl co thanh phan dit liéu la NewData.
- Thuét toan:

B1l: First = new SLL_OneNode
B2: IF (First = NULL)

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

- Cai dat thuat toan:
Ham SLL_Create_Node co prototype:
SLL_Type SLL_Create Node(T NewData);

Ham tao mé&i mot nat co thanh phan d& lieu la NewData, ham tra ve con tro tro
téi dia chi cla nat méi tao. Neu khong di bo nhé dé tao, ham tra ve con tro
NULL.

SLL _Type SLL_Create Node(T NewData)
{ SLL_Type Pnode =new SLL_OneNode;
if (Pnode !'= NULL)
{ Pnode->NextNode = NULL,;
Pnode->Key = NewData;

retdrn (Pnode);

}

- Minh hoa thuét toan:
Gia sl ching ta can tao nat co thanh phan di liéu la 20: NewData = 20
Pnode = new SLL_OneNode
Pnode

Pnode->NextNode = NULL
Pnode->Key = NewData
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Pnodé , __,,20 NULL
c. Thém motphan t&r vao trong danh sach:

Giad st ching ta can thém madt phan tk cé gia tri thanh phan di liéu 12 NewData vao
trong danh sach. Viéc thém cé thé dién ra 6 dau, cudi hay & gilta danh sach lién két.
Do vay, & day chang ta trinh bay 3 thao tac thém riéng biét nhau:

- Thuat toan thém phan t&r vao dau danh séach lién ket don:

B1l: NéEwNodé = SLL_Créaté_ No6dé (NéwDAatd)
B2: IF (NéwNodé = NULL)
Thuc hién Bkt
B3: NéwNodé->NéxtNodé = SLList // Noi SLList vao sau NéwNodé
B4: SLList = NéwNodé /I Chuyén vai tro ditng dau cua NéwNodé cho SLList
Bkt: Két thuc

- Minh hoa thuét toan:
Gia sl chung ta can thém nut co thanh phan di liéu la 25: NéwData = 25

NéwNodé

NewNode->NextNode = SLList:
NewNode

SLList = NewNode:
NewNode

Két qua sau khi chén:
SLList NULL

- Thuat toan thém phan t vao cu6i danh sach lién két don:

B1l: NewNode = SLL_Create_Node (NewData)
B2: IF (NewNode = NULL)
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Thuc hién Bkt
B3: IF (SLList = NULL)
B3.1: SLList = NewNodé
B3.2: Thuc hién Bkt

/I Tim dén dia chi cGa phan tw cudi cung trong danh sach lién két don

B4: CurNodé = SLList
B5: IF (CurNodé->NéxtNodé = NULL)
Thuc hién B8
B6: CurNodé = CurNodé->NéxtNodé /I Chuyén qua nt ké tiép
B7: Lap lai B5
B8: CurNodé->NéxtNodé = NéwNodé // N6i NéwNodé vao sau CurNodé
Bkt: Két thuc

- Minh hoa thuét toan:

Gia st chung ta can thém nut ¢6 thanh phan di liéu la 25: NéwData = 25

NULL
CurNode->NextNode = NewNode:

NULL
Két qua sau khi chen:
SLList NULL

- Thuat toan thém phén tl vao gita danh sach lién két don:

Gia sv chung ta can thém mét phan td’cd gia tri thanh phan dit liéu la NéwData
val trong danh sach SLList vad ngay sau nut c0 dia chi InsNodé. Tréng thuc té
nhiéu khi chung ta phai thwc hién thao tac tim kiém dé xac dinh dia chi InsN&dé, o
day gia sv chung ta da xac dinh duoc dia chi nay.

B1l: NéwNddé = SLL_Créaté N&dé (NéwData)
B2: IF (NéwN®&dé = NULL)
Thuc hién Bkt
B3: IF (InsN&dé->NéxtNddé = NULL)
B3.1: InsNG6dé->NéxtNodé = NéwNodé
B3.2: Thuc hién Bkt
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/] NGi cac nut ké sau InsNode vao sau NewNode

B4: NewNode->NextNode = InsNode->NextNode

// Chuyen moi lien ket gitta InsNode v&i nat ke cua no ve NewNode
B5: InsNode->NextNode = NewNode
Bkt: Ket thuc

- Minh hoa thuét toan:

Gia st ching ta can them nat co thanh phan di liéu la 25 vao sau nat co dia chi
InsNode nhit sau: NewData =25

InsNode->NextNode = NewNode:

InsNode
Ket qua sau khi chen:

SLList NULL

- Cai dat thuat toan:
Cac ham them phan tit tidng ng vGi cac tritdéng hdp co prototype nhit 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 thuc hién viec chen phan tl co gia tri thanh phan di liéu NewData vao trong
danh sach lien ket dén quan ly b&i con tro dau danh sach SList tiréng ng veéi 3
trikdng hép: Them dau, them cuoi, them gilta. Cac ham tra ve gia tri la dia chi cla
nat dau tien neu viec them thanh cong. Trong trténg hép ngltde lai, cac ham tra
ve con tro NULL.

Rieng doi v@i trtdng hép them gilba, ham SLL_Add_Mid thyc hien viec them vao
ngay sau nut co dia chi InsNode. NGi dung cla cac ham nh{ 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 = SlList;
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);

)
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);
)

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 riéeng dé thyc hién thao tac xd ly cac nut hodc xt ly di liéu
tai cac nut. C6 nhiéu thao tac xd ly tuy tung trudng hdp va yéu cau song 8 day don
gian chung ta chi duyét dé xem néi dung thanh phéan di liéu trong danh sach.

- Thuat toan:

B1: CurNode = SLList
B2: IF (CurNode = NULL)
Thyc 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: Két thic

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

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

N6i dung cda ham nhu sau:

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

return;

& Luuy:
Ham OutputData thyc hién viéc xuat néi dung ctia mét bién cé kiéu dir liéu T. Tuy
vao tung trudng hdp cu thé ma ching ta viét ham OutputData cho phu hgp.

e. Tim ki¢m mét phan it trong danh sdch:
Gia st ching ta can tim kiém xem trong danh sach lién két don cé 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 kiém.
- Thuat toan:

B1: CurNode = SLList

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

B3: CurNode = CurNode->NextNode

B4: Lap lai B2

Bkt: K&t thuc

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

Ham thuc hién viéc tim kiém nut cé thanh phan di liéu la SearchData trén danh
sach lién két don quan ly bdi dia chi nat dau tién théng qua SList. Ham tra vé dia
chi cda nut dau tién trong danh sach khi tim thay, ngudc lai ham tra vé con tré
NULL.

N6i dung cda 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;

}
return (CurNode);

}
f. Loai b6 b6t mét phén tit ra khéi danh sdch:

Gia st chung ta can loai bd phan tu cé gia tri thanh phan di liéu la DelData trong
danh sach lién két don. D€ thyc hién diéu nay trudc tién ching ta phai thyc hién
thao tac tim ki€m dia chi cua nat cé thanh phan di liéu la DelData, sau dé6 mdi thyc
hién thao tac loai bé néu tim thay. Tuy nhién trong qua trinh tim ki€m, néu tim thay
chuing ta phai ghi nhan dia chi cia nat ding ngay truéc nidt tim thay la PreDelNode.

- Thuat toan:
// Tim kiém nut c6 Key la DelData trong danh sach

B1: DelNode = SLList

B2: PreDelNode = NULL

B3: IF (DelNode = NULL)
Thyc hién Bkt

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

B5: PreDelNode = DelNode

B6: DelNode = DelNode->NextNode

B7: Lap lai B3

// Loai bd nut tai dia chi DelNode ra khoi danh sach

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

// Lién k&t cac nét sau DelNode vé& nut PreDelNode
B9: PreDelNode->NextNode = DelNode->NextNode

// Cat méi lién két gita DelNode véi cac nut con lai trong danh sach
// va hiy DelNode

B10: DelNode->NextNode = NULL

B11: delete DelNode

Bkt: K&t 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 thwc hién viéc x6a phan t c6 thanh phan dir liéu la DelData trong danh sach
lién ket quan ly b&i con tr6 dau SList. Ham tra ve gia tri 1 neu viéc xda thanh

Giao trinh: Cau True Dn"Liéu va Giai Thuat

cong va nglrdc lai, ham tra vé gia tri -1. N6i dung cGia ham nh{ sau:

int SLL_Delété No6dé (SLL_Type &SList, T DelData)
{ SLL_Type DelNdéde = SL.ist;

}

SLL_Type PreDeIN6dé = NULL;
while (DelN6de !'= NULL)
{ if (DelN6dé->Key == DelData)
break;
PreDelN6dé = DelNb6de;
DelN6de = DEIN6dé->NextN6dé;

if (}[BeINéde == NULL)
return (-1);
if (PreDéIN6de == NULL)
SList = SList->NextNode;
else
PréDéIN6dé->NextNodé = DEIN6dé->NextNadé;
DéING6dé->NextN6dé = NULL,;
delete DelNé6de;
return (1);

- Minh hoa thuét toan:

+ Gia si* chung ta can huy nuat cé thanh phan di liéu la 25: DelData

SLList

DelNode

SLList = SLList->NextNode

DelNode->NextNode = NULL

NULL

Ket qua sau khi huy:

SLList
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+ Bay gi¢ gia s chlng ta can hdy nat cé thanh phan di liéu la 20: DelData = 20

PreDelNode->NextNode = DelN6de->Next

DelN6de->Next = NULL

Két qua sau khi huy:
SLList

NULL

g. Huy danh sach:
Thao tac nay thwc chéat 13 thwc hién nhiéu lan thao tac huy mat nat.
- Thuat toan:

B1: IF (SLList = NULL)
Thuc hién Bkt
B2: TémpNodé = SLList
B3: SLList = SLList->NéxtNodé
B4: TEmpNodé->NéxtNodé = NULL
B5: délété TémpNodé
B6: Lap lai B1
Bkt: KEt thuc
- Céi dat:
Ham SLL_DEIété co prototypé:
void SLL_DéIété (SLL_Typé &SList);
Ham thuc hién viéc huy todn bo danh sach SList.
Noi dung cGid ham nhu sau:

void SLL_DéIété (SLL_Typé &SList)
{ SLL_Typé TémpNodé = SList;
whiié (SList = Nu1l1l)
{ SList = SList->NéxtNodé;
TémpNodé->NéxtNodé = NULL;

Trang: 102



Gido trints: Chw Trie Dic Litw va Gidi Thudt
delete TempNode;
TempNode = SList;

}

return ;

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

Viéc tao mdi mét danh sach lién két don thyc chat la chung ta lién tuc thyc hién thao
tac théem mot phan td vao danh sach ma ban dau danh sach nay la mét danh sach
rdng. C6 thé st dung mét trong ba ham thém phén ti dé thém phén ti, & day ching
ta st 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)
Thuyc 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 thuc
- Cai dat thuat toan:
Ham SLL_Create c6 prototype:
SLL_Type SLL_Create(SLL_Type &SList, int N);

Ham tao danh sach lién két don cé N nuat quan ly bdi dia chi nat dau tién théng
qua SList. Ham tra vé dia chi cda nuat dau tién trong danh sach néu viéc tao thanh
céng, ngudc lai ham tra vé con tré NULL.

N6i 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;

b

b
return (SList);
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Ham InputNewData thuc hién viéc nhap vao ndi dung cia mét bién cé kiéu dit lieu

T va tra vé gia tri méi nhap vao. Tuy vao tiing trudng hgp cu thé ma ching ta viét
ham InputNewData cho phu hgp.

i. Tach mét danh sdach thanh nhiéu danh sdch:

Tuong ty nhu danh sach ddc, viéc tach mét danh sach lién két don thanh nhiéu danh
sach lién két don khac nhau ciing c6 nhiéu tiéu thiic khac nhau ma chuang ta sé thuc
hién theo cac cach khac nhau. Ngoai ra viéc tach ciling s& khac nhau trong trudng
hgp cé hay khéng gitr lai danh sach ban dau. o) day ching ta thuc hién viéc tach cac
nut trong danh sach lién két don SLList thanh hai danh sach lién két don con SLList
va SLList1 luadn phién theo cac dudng chay ty nhién va khéng gi lai danh sach lién
két ban dau. Cac trudng hdp khac sinh vién ty van dung dé€ thao tac.

- Thuat toan:

B1: CurNode = SLList
B2: SLList1 = SLList
B3: LastNodel = NULL, LastNode2 = NULL

// Cat cac nut tf sau dudng chay ty nhién th nhat vé SLList1

B4: IF (CurNode = NULL OR CurNode->NextNode = NULL)
Thyc 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: Thyc hién B8
B6: CurNode = CurNode->NextNode, SLList1 = SLList1->NextNode
B7: Lap lai B4

// Cat cac nut tf sau dudng chay ty nhién th hai vé SLList

B8: IF (CurNode = NULL OR CurNode->NextNode = NULL)
Thyc 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 (gi lai) dudng chay ké tiép trong SLList

B12: LastNodel->NextNode = CurNode

B13: IF (CurNode = NULL OR CurNode->NextNode = NULL)
Thyc 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: Thyc hién B17

B15: CurNode = CurNode->NextNode

B16: Lap lai B13

// Phan phéi (gi lai) dudng chay ké tiép trong SLList1

B17: LastNode2->NextNode = CurNode

B18: [F (CurNode = NULL OR CurNode->NextNode = NULL)
Thuyc 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 c6 prototype:
SLL_Type SLL_Split(SLL_Type &SList, SLL_Type &SList1);

Ham thyc hién viéc phan phéi bst cac dudng chay ty nhién trong SList sang
SList1. Ham tra vé con tré tré t&i dia chi phan ta dau tién trong SList1.

N6i dung cda ham nhu sau:

SLL_Type SLL_Split(SLL_Type &SList, SLL_Type &SList1)
{ SList1 = SList;
if (SList1 == NULL)
return (NULL);
SLL_Type Lastl;
SLL_Type Last2;
while (SList1->NextNode != NULL)
{ if (SListl->Key > SList1->NextNode->Key)
break;
SList1 = SList1->NextNode;

b
if (SList1->NextNode != NULL)

Lastl = SList1;
SList1 = SList1->NextNode;
Last1->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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b
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;

Last]l = 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;

b
return (SList1);

b
j. Nhdp nhiéu danh sdach thanh mét danh sdch:

Tuong ty, viéc nhap nhiéu danh sach thanh mét danh sach chung ta thyc hién theo
hai truéng hgp khac nhau:
+ Ghép néi dudi cac danh sach lai véi nhau;
+ Trén xen 1an cac phan td trong danh sach con vao thanh mét danh sach 16n
theo maét trat ty nhat dinh.

Ngoai ra viéc nhap cé thé giit lai cac danh sach con ban dau hodc khéng gitt lai cac
danh sach con ban dau. 8 day ching ta trinh bay theo cach khéng gi lai cac danh
sach con ban dau va trinh bay theo hai truéng hgp:

+ Ghép néi dudi hai danh sach lai véi nhau;
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+ Trén hai danh sach lai véi nhau theo cdc dudng chay tu nhién thanh mét danh
sach cé chiéu dai 16n hon.

Gia st chung ta can nhép hai danh sach SLList1, SLList2 lai vSi 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)
Thyc hién Bkt

// Lay dia chi nat cudi cung trong SLList1

B3: LastNode = SLList1

B4: IF (LastNode->NextNode = NULL)
Thyc hién B7

B5: LastNode = LastNode->NextNode

B6: Lap lai B4

// Ghép SLList2 vao sau LastNode

B7: LastNode->NextNode = SLList2
Bkt: Két thac

- Thuat toan trén danh sach SLList2 va SLListl thanh SLList theo cac dudng chay
tu nhién:

B1: IF (SLList1 = NULL)
B1.1: SLList = SLList2
B1.2: Thyc hién Bkt

B2: IF (SLList2 = NULL)
B2.1: SLList = SLList1
B2.2: Thyc hién Bkt

// Lay nut cé d@ 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: Thyc 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: Két thuc

- Cai djt:

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 nhédp cac nuat trong hai danh sach SListl, SList2 thanh mét
danh sach theo tht ty nhu hai thuat toan vua trinh bay. Ham tra vé dia chi cua nut

dau cua danh sach sau khi ghép.
N6i dung ctda 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 = SList];
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)

{ SList = SList2;
return (SList);

b
{ SList = SList1;
return (SList);

b
SLL_Type LastNode = NULL;

SLL_Type TempNode;
while (SList1 != NULL && SList2 != NULL)
{ if (SList1->Key <= SList2->Key)
{ TempNode = SList1;
SList] = SList1->NextNode;
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TempNode->NextNode = NULL;
if (LastNode == NULL)
SList = LastNode = TempNode;
else
{ LastNode->NextNode = TempNode;
LastNode = TempNode;
b
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;
b
if (SList2 == NULL)
break;
if (SList2->Key < LastNode->Key)
while (SList1 != NULL)
{ LastNode->Next = SList];
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);

)
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k. Sdp xép thit tu cdc phan tii trong danh sdch:

Thao tac nay ching ta cé thé van dung cac thuét toan sdp x&p da trinh bay trong
Chuong 3 d€ sép xé&p di liéu trong danh sach lién két don. G day ching ta chi trinh
bay sy van dung thuét toan trén tu nhién dé sdp xép.

Ciing can luu y rdng ddi véi thao tac hoan vi hai phan ti thi ching ta cé thé hoan vi
hoan toan hai nat hodc chi hoan vi phan d@ liéu. Tuy nhién viéc hoan vi hoan toan
hai nat sé phdc tap hon.

- Thuéat toan sip xép trén ty nhién:

B1: IF (SLL_Split(SLList, TempList) = NULL)
Thyc hién Bkt

B2: SLL_Merge(SLList, TempList, SLList)
B3: Lap lai B1
Bkt: Két thuc

- 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 cia cac nat trong danh sach SList
theo thi tu tang dua trén thuét toan trén ty nhién vira trinh bay.

N6i dung cda 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, TemplList, List);
SList = List;
)

return ;

b
h. Sao chép mét danh sdch:

Thuyc chat thao tac nay la ching ta tao mdi danh sach NewList bidng cach duyét qua
cac nut cda SLList dé 14y thanh phan di liéu réi tao thanh mét nit méi va bé sung
nut mdi nay vao cudi danh sach NewList.

- Thuat toan:

B1: NewList = NULL
B2: CurNode = SLList
B3: IF (CurNode = NULL)
Thyc hién Bkt
B4: SLL_Add_Last(NewList, CurNode->Key)
B5: CurNode = CurNode->NextNode
B6: Lap lai B3
Bkt: K&t thuc

- Cai dat thuat toan:
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Ham SLL_Copy c6 prototype:
SLL_Type SLL_Copy (SLL_Type SList, SLL_Type &NewlList);

Ham thuyc hién viéc sao chép ndi dung danh sach SList thanh danh sach NewList
c6 cung ndi dung thanh phan di liéu theo tha ty cua cac nut trong SList. Ham tra
vé dia chi nut dau trong danh sach mdi néu viéc sao chép thanh céng, ngudc lai
ham tra vé con tré NULL.

Néi dung cia ham nhu sau:
SLL_Type SLL_Copy (SLL_Type SList, SLL_Type &NewlList)
{ NewlList = NULL;
SLL_Type CurNode = SList;
while (CurNode != NULL)
{ SLL_Type NewNode = SLL_Add_lLast(NewList, CurNode->Key);
if (NewNode == NULL)
{ SLL_Delelte(NewList);
break;

}
CurNode = CurNode->NextNode;

}

return (NewlList);

}
4.4.3. Danh sdch 1ién két kép (Doubly Linked List)

A. Cau truc dif ligu:

Né&u nhu vung lién két ciia danh sach lién két don c6 01 mdéi lién két vSi 01 phan tu
khac trong danh sach thi vung lién két trong danh séach lién déi cé 02 méi lién két
véi 02 phan tu khac trong danh sach, cdu trdc dd liéu cua méi nat trong danh sach
lién két déi nhu sau:

typedef struct DLL_Node
{ T Key;
InfoType Info;
DLL_Node * NextNode; // Vung lién két quan ly dia chi phan tu k& ti€p né
DLL_Node * PreNode; // Vung lién két quan ly dia chi phan td truéc né
} DLL_OneNode;

3 day chung ta cing gia thiét rdng ving di liéu ctia méi phan td trong danh sach
lién két d6éi chi bao gém mét thanh phan khéa nhan dién (Key) cho phan ta dé. Do
vay, cdu tric di liéu trén cé thé viét lai don gian nhu sau:

typedef struct DLL_Node
{ T Key;
DLL_Node * NextNode; // Vung lién két quan ly dia chi phan tu k& ti€p né
DLL_Node * PreNode; // Vung lién két quan ly dia chi phan td truéc né
} DLL_OneNode;

typedef DLL_OneNode * DLL_Type;

Cé nhiéu phuong phap khac nhau dé quan ly cac danh sach lién két déi va tuong
ing v6i cac phuong phap nay sé cé cac céu tric dit liéu khac nhau, cu thé:
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- Quany dia chiphan t&*r dau danh sach:
Cach nay hoan toan tuvong tv nhuw doi voi danh sach lién két don.
DLL_Type DLL_List1;

Hinh anh minh hoa:
DLLList! NULL

- Quany dia chiphan t& dau va cudi danh sach:
typedef struct DLL_PairNode
{ DLL_Type DLL_First;
DLL_Type DLL_Last;
} DLLP_Type;

DLLP_Type DLL_List2;

Hinh anh minh hoa:
DLL List2

- Quany dia chiphan t&r dau, dia chiphan t&r cudi va s6'phan t& trong danh sach:

typedef struct DLL_PairNNode
{ DLL_Type DLL_First;
DLL_Type DLL_Last;
unsigned NumNode;
} DLLPN_Type;

DLLPN_Type DLL_List3;

Hinh anh minh hoa:
DLL List3

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

Cung nhw trong phan danh sdch lien ket dén, cac thao tdc twong wng v&i moi cach
quan ly khac nhau cua danh sach lien ket doi co sy khac nhau ve mat chi tiet song
ndi dung c& ban it co sy khac nhau. Do vay, & day chung ta chi trinh bay cac thao
tac theo cach quéan ly th& hai (quan ly cac dia chi cua hai nut dau va cuoi danh sach
lien ket doi), cac thao tdc nay tren cdc cach quéan ly khéc sinh vien ty van dung de
dieu chinh cho thich hop.
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a. Khoi tao danh sach (Initialize):

Trong thao tac nay chi don gian la ching ta cho gia tri cac con tro quan ly dia chi
hai nat dau va cudi danh sach lién két doi vé& con tro NULL. Ham khoi tao danh sach
lién két doi nhv sau:

DLLP_Type DLL_Initialize(DLLP_Type &DList)
{ DList.DLL_First = NULL;
DList.DLL_Last = NULL;
return (DList);

}

Hinh anh minh hoa:
DList

NULL <« --sDLL First DLL Lé&st > NULL

b. Tao méi motphan tir/ nat:
Gia st chung ta can tao mé&i mot phan tir co thanh phan dit liéu la NewData.
- Thuét toan:

B1l: DNode =new DLL_OneNode
B2: IF (DNode = NULL)

Thuc hién Bkt
B3: DNode->NextNode = NULL
B4: DNode->PreNode = NULL
B5: DNode->Key = NewData
Bkt: Ket thic

- Cai dat thuat toan:
Ham DLL_Create_~de co prototype: DLL Type DLL_Créaté Nodé(T NewData);

Ham tag mé&i mot nat co thanh phan d& liéu la NewData, ham tra ve con tro tro
téi dia chi cua nut méi tao. Neu khéng dd bo nhé dé tao, ham tra ve con tro
NULL.

DLL_Type DLL_Create_~de(T NewData)
{ DLL_Type Pnode =new DLL_OneNode;
if (Pnode !'= NULL)
{ Pnodé->NéxtNodé = NULL,;
Pnodé->PréNodé = NULL;
Pnode->Key = NewData;

return (Pnode);
}

- Minh hoéa thuét toan:

Gia str chung ta can tag nut co thanh phan d lieu la 20: NewData = 20
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Pnode = new DLLOneNode

Pnode
m
Pnode->NextNode = NULL
Pnode->PreNode = NULL
Pnode->Key = NewData
Pnode «— 1 .. NULL
m 20

NULL

c. Thém motphan tlr vao trong danh sach:

Gia st ching ta can thém maot phan tl cé gia tri thanh phan di liéu l1a NewData vao
trong danh sach. Viéc thém cé thé dién ra 6 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 ket doi:

B1: NéwNodé = DLL_Créaté_Naodé (NéwData)
B2: IF (NéwNodé = NULL)
Thuc hién Bkt
B3: IF (DLL_List.DLL_First = NULL) // Danh sach rong
B3.1: DLL_List.DLL_First = NéwNodé
B3.2: DLL_List.DLL_Last = NéwNodé
B3.3: Thitc hién Bkt
B4: NéwNodé->NéxtNodé = DLL_List.DLL_First // Noi DLL_First vao
B5: DLL_List.DLL_First->PréNodé = NéwNodé // sau NéwNodé

// Chuyén vai tro dirng dau cua NéwNodé cho DLL_First

B6: DLL_List.DLL_First = NéwNodé
Bkt: Két thuc

- Minh hoa thuét toan:
Gia st chung ta can thém nut co thanh phan di liéu la 27: NéwDatd = 27

NewNoi NULL
27
NULL

DLLList

NewNode->NextNode = DLL_List.DLL_First:
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DLL_List.DLL_First->PreNode = NewNode:

DLL List.DLL First = NewNode:
NewNode

NULL

Két qua sau khi chén:
DLL List

- Thuat toan thém phan tl vao cudi danh sach lién két doi:

B1: NéwNodé = DLL_Créaté_Nodé (NéwData)
B2: IF (NéwNodé = NULL)
Thuc hién Bkt
B3: IF (DLL_List.DLL_First = NULL) /I Danh sach rong
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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: NewNodé->PreNodé = DLL_List.DLL Last // sau DLL_Last

/l Chuyén vai tr6 dwng cudi cua NewNode cho DLL_Last

B6: DLL_List.DLL_Last = NewNdde
Bkt: KEt thuc

- Minh hoa thuéat toan:

Gia st chung ta can thém nut ¢6 thanh phan di liéu la 25: NewData = 25

NewNode NliLL
25
NULL
DLL_List
NULL
DLL_List.DLL_Last->NextNode = NewNode:
NewNode NULL
..... >
25
NULL
DLL_List
NULL
NewNode->PreNode = DLL_List.DLL_Last
NewNode NULL

NULL
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DLL_List.DLL_Last = NewNode:

NewNode NliLL
25
DLL_List
"e DLL_First DLL_Last
16 20 18 40 30

NULL

Két qua sau khi chen:
DLL_List

- Thuat toan thém phan t& vao gita danh sach lién két doi:

Gia slir chung td can them mot phan td’co gia tri thanh phan di li€u 14 NewData
vao trong danh sdch DLL_List vdo ngdy sau nat co dia chi InsNode. Trong thuc te
nhieu khi ching t& phai thirc hién thao tac tim kiem de xa&c dinh dia chi InsNode, 6
dady gia sir ching td da xac dinh d&dc dia chi nay.
B1: IF (InsNode->NextNode = NULL) // Them vao cuoi DSLK

B1.1: DLL_Add_Last (DLL_List, NewData)

B1.2: Thuc hien Bkt

B2: NewNode = DLL_Créaté_Nodé (NewDatd)
B3: IF (NewNode = NULL)
Thuwc hién Bkt

/] Noi cdc nut ke sdu InsNode vdo sau NewNode

B4: NewNode->NextNode = InsNode->NextNode
B5: InsNode->NextNode->PreNode = NewNode

/I Chuyen moi lien ket git*d InsNode véi nat ke cia no ve NewNode

B6: InsNode->NextNode = NewNode
B7: NewNode->PreNode = InsNode
Bkt: Ket thic

- Minh hoa thuat toan:

Gia sl ching ta can them nat co thanh phan di& lieu 1a 25 vdo sdu nat co dia chi
InsNode nhir sdu: NewDA4ta = 25
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DLL List

NULL
NewNode NULL

M op
NULL

NewNode->NextNode = InsNode->NextNode:
DLL List

InsNode->NextNode->PreNode = NewNode:
DLL List

w DLL_First DLL_Last
InsNow NULL

16 20 18 40 30
NULL

NewNode
«— H

NULL

25

InsNode->NextNode = NewNode;:
DLL_List

DLL First DLL_Last
InsNod NULL

16 20 18 40 30
NULL

NewNode

25
NULL

NewNode->PreNode = InsNode
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DLL_List

DLL_List

Cai dat thuat toan:

Céac ham thém phan t tvong &ng v6i cac truong hop 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 &InsNdde);

Ham thuc hién viéc chen phan tr cé gia tri thanh phan di lieu NewData vao trong
danh sach lien ket d6i quan ly boi hai con tro dau va cudi danh sach trong DList
tuong (ng voi 3 trkong hédp: Them dau, them cuoi, them gilta. Cac ham tra ve gia
tri la mo6t dia chi cua nGt vira moi them neu viec them thanh cong. Trong tri*rdng
hép nglroc lai, cac ham tra ve con tro NULL.

Rieng doi voi trtong hop them gitta, ham DLL_Add_Mid th®rc hien viec them vao
ngay sau nut co dia chi InsNode. Noi dung cua cac ham nh{ 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_F{rst == 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);

DLL_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);

b
d. Duyét qua cdc niit trong danh sdch:

Thao tac nay nham nhiéu muc dich, & day don gian ching ta chi duyét dé xem néi
dung thanh phan di liéu trong danh sach. Thuat toan nay hoan toan tuong ty nhu
trong danh sach lién két don.

- Thuat toan:

B1: CurNode = DLL_List.First
B2: IF (CurNode = NULL)
Thyc 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: Két thuc

- Cai dat thuat toan:

Ham DLL_Travelling cé prototype:
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void DLL_Travelling(DLLP_Type DList);

Ham duyét qua céac nut trong danh sach lién két déi quan ly bdi hai dia chi nat
dau tién va nut cudi cling théng qua DList dé xem néi dung thanh phan di liéu
clda mdi nut.

N6i 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;
b

return;

&« Luuy:
Ham OutputData thyc hién viéc xuat néi dung ctia mét bién cé kié€u dir lieu T. Tuy
vao tung trudng hdp cu thé ma ching ta viét ham OutputData cho phu hgp.

e. Tim ki¢m mét phan it trong danh sdch:

Gia su chung ta can tim kiém xem trong danh sach lién k&t déi <6 tén tai nat cé
thanh phan di liéu 1a SearchData hay khéng. Thao tac nay chung ta van dung thuat
toan tim tuyén tinh dé tim kiém.

- Thuat toan:

B1: CurNode = DLL_List.DLL_First

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

B3: CurNode = CurNode->NextNode

B4: Lap lai B2

Bkt: K&t thuc

- Cai dat thuat toan:

Ham DLL_Searching cé prototype:
DLL_Type DLL_Searching(DLLP_Type DList, T SearchData);

Ham thuc hién viéc tim kiém nut cé thanh phan di liéu la SearchData trén danh
sach lién két déi quan ly bdi hai dia chi nut dau tién va nut cudi cung théng qua
DList. Ham trd vé dia chi cua nut dau tién trong danh sach dugc tim thay, ngudgc
lai ham tra vé con tré NULL.

N6i 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 b6 b6t mét phén tit ra khéi danh sdch:

Gia st chung ta can loai bd phan tu cé gia tri thanh phan dir liéu la DelData trong
danh sach lién két déi, D& thyc hién diéu nay trudc tién ching ta phai thuc hién thao
tac tim kiém dia chi cda nut cé thanh phan da liéu la DelData, sau d6 mdi thyc hién
thao tac loai bé néu tim thay.

- Thuat toan:

// Tim kiém nut c6 Key la DelData trong danh sach
B1: DelNode = DLL_Searching(DLL_List, DelData)
B2: IF (DelNode = NULL)

Thyc hién Bkt

// Loai bd nut tai dia chi DelNode ra khoi 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 bé nut 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 bd nuat cudi cung trong danh sach
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 méi lién két gitta DelNode vdi hai nut trude va sau né, va huy DelNode
B8: DelNode->NextNode = DelNode->PreNode = NULL

B9: delete DelNode

Bkt: K&t thuc

- Cai dat thuat toan:
Ham DLL_Delete_Node c¢é prototype:
int DLL_Delete_Node (DLLP_Type &DList, T DelData);
Ham thyc hién viéc xéa phan td cé thanh phan di liéu la DelData trong danh sach
lien két déi quan ly bdi hai con tréd dau va cuéi ghi nhan trong DList. Ham tra 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 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;
}
else
{ DelNode->PreNode->NextNode = DelNode->NextNode;
DelNode->NextNode->PreNode = DelNode->PreNode;

}
DelNode->NextNode = DelNode->PreNode = NULL;
delete DelNode;
return (1);

}

- Minh hoa thuét toan:
+ Hly nat dau: DelData = 16

DLL_List
DLL_First DLL_Last
DelNode NULL
16 20 18 25 40 30
NULL
DLL_List.DLL_First = DLL_List.DLL_First->NextNode
DLL_List
DLL_List.DLL_First->PreNode = NULL
DLL_List

DelNode->NextNode = DelNode->PreNode = NULL;
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DLL._List
Két qua sau khi huy:

DLL._List
+ Huy nat cudi: DEIDAta = 30

DLL._List

DLL_List.DLL Last = DLL_List.DLL_Last->PreNode
DLL_List

DLL_List.DLL_Last->NextNode = NULL
DLL_List

DelNode->NextNode = DelNode->PreNode = NULL
DLL_List

DLL_First DLL_Last e- NULL
DelNode NULL

16 20 18 25 40 30
NULL NULL

Ket qua sau khi huy:
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DLL_List

+ Hay nat gitva: Gia st ching ta can hay nat cé thanh phan di liéu la 18 (DelData = 18)
DLL_List

DelNode->PreNode->NextNode DelNode->NextNode
DLL List

DLL_First DLL_Last

NULL
16 20 18 «_. 25 40 30
NULL De Node
DelNode->NextNode->PreNode DelNode->PreNode
DLL List
DelNode->NextNode = DelNode->PreNode = NULL
DLL List
DLL_First DLL_Last
o~ _ . P .« . m-
. 16 < m 20 - 18 25 .« 40 _ 30
NULL DelNode«
Ket qua sau khi huy:
DLL List
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g. Huy toan bo danh sdch:
3 day, ching ta thuc hién nhiéu 1an thao tac hdy mét nut.
- Thuat toan:

B1: IF (DLL_List.DLL_First = NULL)
Thuyc 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: K&t thuc

- Cai dat thuat toan:
Ham DLL_Delete cé prototype:
void DLL_Delete (DLLP_Type &DList);
Ham thyc hién viéc hdy toan bé danh sach lién két déi DList.
N6i 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;

b

return ;

= Luuy:
Chung ta ciing ¢6 thé van dung ham DLL_Delete_Node dé€ thyc hién thao tac nay,
lic d6 ham DLL_Delete cé 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 méi danh sach/ Nhap danh sdch:

Clng tudng ty nhu trong danh séach lién két don trong thao tac nay, ching ta lién tuc
thyc hién thao tac thém mét phan td vao danh sach ma ban dau danh sach nay la
mét danh sach réng (Gém hai con tré NULL). Chung ta cling c¢é thé st dung mét
trong ba ham thém phéan t& dé thém phan ti, & day st dung ham SLL_Add_Last.

Gia st chung ta can tao danh sach lién két déi c6 N phan tu.

- Thuat toan:

B1:
B2:
B3:

B4:
Bb5:
B6:
B7:

DLL_Initialize(DLL_List)

i=1
IF (i > N)
Thyc hién Bkt
NewData = InputNewData() // Nhap gia tri cho bién NewData
DLL_Add_Last(DLL_List, NewData)
i++
Lap lai B3

Bkt: Két thuc

- Cai dat thuat toan:

Ham DLL_Create cé prototype:
DLLP_Type DLL_Create (DLLP_Type &DList, int N);

Ham tao danh sach lién két dé6i cé N nat quan ly bdi hai dia chi nat dau tién va
nut cudi cung théng qua DList. Ham tra vé gia tri ghi nhan hai dia chi cda nuat dau
tién va nat cudi cung trong danh sach néu viéc tao thanh céng, ngudc lai ham tra
vé danh sach réng (ca hai dia chi déu la gia tri NULL).

N6i dung cda ham nhu sau:

DLLP_Type DLL_Create(DLLP_Type &DList, int N)
{ DLL_Initialize(DList);

&« Luuy:

T NewData;
for (inti=0;i<N;i++)
{ NewData = InputNewData();
if (DLL_Add_Last(DList, NewData) == NULL)
{ DLL_Delete(DList);
break;

}

b
return (DList);

Ham InputNewData thyc hién nhdp vao néi dung cia mét bién cé kiéu dir lieu T
va trd vé gia tri mdi nhap vao. Tuy vao tiing trudng hgp cu thé ma chung ta viét
ham InputNewData cho phu hgp.
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i. Tach mét danh sdach thanh nhiéu danh sdch:

Gia st chung ta can thyc hién viéc tach cac nut trong danh sach lién két déi
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 giir lai danh sdch liéen két ban dau.

- Thuat toan:

B1: DLL_Initialize(DLL_List1)
B2: DLL_Initialize(DLL_List2)
B3: CurNode = DLL_List.DLL_First

// Cat cac nut t0 1 dudng chay tu nhién vé DLL_List1
B4: IF (CurNode = NULL)
Thyc hién Bkt
B5: DLL_Add_Last(DLL_List1, CurNode->Key)
B6: CurNode = CurNode->NextNode
B7: IF (CurNode = NULL)
Thyc hién Bkt
B8: IF (CurNode->PreNode->Key > CurNode->Key)
Thuyc hién B10
B9: Lap lai B4

// Cat cac nut t 1 dudng chay tu nhién vé DLL_List2
B10: IF (CurNode = NULL)
Thyc hién Bkt
B11: DLL_Add_Last(DLL_List2, CurNode->Key)
B12: CurNode = CurNode->NextNode
B13: IF (CurNode = NULL)
Thyc hién Bkt
B14: IF (CurNode->PreNode->Key > CurNode->Key)
Thyc hién B4
B15: Lap lai B10
Bkt: K&t thuc

- Cai dat thuat toan:
Ham DLL_Split cé prototype:
void DLL_Split(DLLP_Type &DList, DLLP_Type &DList1, DLLP_Type &DList2);

Ham thuc hién viéc phan phéi cac dudng chay ty nhién trong DList thanh vé hai
danh sach mgai DList1 va DList2 (Danh sach ca DList vdn dugc gii nguyén).

N6i dung cda ham nhu sau:

void DLL_Split(DLLP_Type &DList, DLLP_Type &DList1, DLLP_Type &DList2)
{ DLL_Initialize(DList1);
DLL_Initialize(DList2);
DLL_Type CurNode = DList.DLL_First;
while (CurNode != NULL)
{ do {if (DLL_Add_lLast(DList1, CurNode->Key) == NULL)
{ DLL_Delete (DList1);
DLL_Delete (DList2);
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break;

}
CurNode = CurNode->NextNode;

if (CurNode == NULL)
break;
if (CurNode->Key < CurNode->PreNode->Key)
break;
b
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 ;

b
j. Nhdp nhiéu danh sdach thanh mét danh sdch:
Chung ta thyc hién thao tac nay trong hai trué6ng hgp:
+ Ghép néi dudi cac danh sach lai véi nhau;

+ Tréon xen lan cac phan td trong cac danh sach vao thanh mét danh sach theo
mot trat ty nhat dinh

va sau khi nhap xong van git lai cdc danh sach ban dau.

Gia st chuang ta can nhap hai danh sach DLL_List1 va DLL_List2 lai v&i nhau thanh
mét danh sach DLL_List.

- Thuat toan ghép néi hai danh sach thanh mét danh sach méi:
B1: DLL_Initialize (DLL_List)
// Dua DLL_List1 vao dau DLL_List

B2: CurNode = DLL_List1.DLL_First

B3: IF (CurNode = NULL)
Thyc 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)
Thyc hién Bkt

BO: IF (DLL_Add_Last(DLL_List, CurNode->Key) = NULL)
B4.1: DLL_Delete (DLL_List)
B4.2: Thyc hién Bkt

B10: CurNode = CurNode->NextNode

B11: Lap lai B8

Bkt: K&t thuc

- 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)
Thyc hién B6

B4: IF (CurNodel->Key < CurNode2->Key)
B4.1: If (DLL_Add_Last (DLL_List, CurNode1l->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)
Thyc 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)
Thyc hién B6
B4.4.4: if (CurNode2->PreNode->Key > CurNode2->Key)
Thyc 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)
Thyc 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: Thyc hién Bkt
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B5.4.2: CurNodel = CurNodel->NextNode
B5.4.3: if (CurNodel = NULL)
Thyc hién B10
B5.4.4: if (CurNodel->PreNode->Key > CurNodel->Key)
Thyc 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)
Thuyc hién Bkt

B7: IF (DLL_Add_Last(DLL_List, CurNodel->Key) = NULL)
B7.1: DLL_Delete (DLL_List)
B7.2: Thyc hién Bkt

B8: CurNodel = CurNodel->NextNode

B9: Lap lai B6

// Bua phan con lai trong DLL_List2 vé DLL_List

B10: IF (CurNode2 = NULL)
Thuyc 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 thuc hién viéc nhédp cac nut trong hai danh sach DList1, DList2 thanh mét
danh sach theo hai trudng hgp da trinh bay trong hai thuét toan trén day. Ham tra
vé gia tri cia danh sach sau khi ghép.

N6i dung ctia 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);
b
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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;

b
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);
)
CurNode?2 = CurNode2->NextNode;
)

while (CurNode2 != NULL &&

CurNode2->PreNode->Key <= CurNode2->Key);
b

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 = CurNodel->NextNode;

b
while (CurNodel != NULL &&

CurNodel->PreNode->Key <= CurNodel->Key);

}

b
while (CurNodel != NULL)

{ if (DLL_Add_Last (DList, CurNodel->Key) == NULL)
{ DLL_Delete (DList);
break;

}
CurNodel = CurNodel->NextNode;

b
while (CurNode2 != NULL)

{ if (DLL_Add_Last (DList, CurNode2->Key) == NULL)
{ DLL_Delete (DList);
break;

}
CurNode?2 = CurNode2->NextNode;

b
return (DList);

b
k. Sdp xép thit tu thanh phan dit liéu cdc niit trong danh sdch:

Thao tac nay rat thuén tién trong viéc ap dung thuéat toan sdp x&p trén dé sdp xé&p,
sinh vién cé thé ty thuc hién. O day, ching ta van dung thuét toan sdp x&p néi bot
dé sdp x€p di liéu.

- Thuat toan sdp x&p van dung thuat toan néi bot:

B1: Inode = DLL_List.DLL_First
B2: IF (Inode = NULL)
Thyc hién Bkt
B3: IF (Inode = DLL_List.DLL_Last)
Thyc hién Bkt
B4: Jnode = DLL_List.DLL_Last
B5: IF (Jnode = Inode)
Thyc 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 thuc

- Cai dat thuat toan:
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Ham DLL_Bubble_Sort cé prototype:
void DLL_Bubble_Sort (DLLP_Type &DList);

Ham thyc hién viéc sdp x€p thanh phan di liéu cda cac nut trong danh sach lién
két doi DList theo thi ty ting dya trén thuat toan sdp x€p néi bot.

N6i dung cda 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 ;

b
l. Sao chép mot danh sdch 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)
Thuyc 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 thuyc hién viéc sao chép néi dung danh sach DList thanh danh sach NewlList
c6 cung néi dung thanh phan di liéu theo th ty cda cac nat trén DList. Ham tra
vé gia trj cua danh sach mdi néu viéc sao chép thanh céng, ngudc lai ham tra vé
gia tri khdi tao cda danh sach.

Néi dung cda ham nhu sau:

DLLP_Type DLL_Copy (DLLP_Type &DList, DLLP_Type &NewlList)
{ 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 (NewlList);

}

4.4.4. Uu nhuoc diém cia danh sdch 1ién két

Do cac phan tu (nut) dudc luu tri khéng lién ti€p nhau trong bé nhd, do vay danh

sach lién két cé cac uu nhugc diém sau day:

- Mat dé st dung bé nhé cda danh sach lién két khéng téi uu tuyét déi (<100%);

- Viéc truy xudt va tim ki€m cac phan td cua danh sach lién k&t mat nhiéu thdgi gian
bdi luén luén phai duyét tuan ty qua cac phan tu trong danh sach;

- Tan dung dugc nhilng khéng gian bé nhé nhé dé Iuu trit ting nat, tuy nhién bé nhé
Iuu trit théng tin méi nat lai tén nhiéu hon do con phai luu thém théng tin vé vang
lién két. Nhu vay néu vang dw liéu cia méi nut la 16n hon thi ty 1& muc tiéu tén bd
nhé nay la khéng dang ké, ngudc lai thi né lai gay lang phi bé nhé.

- Viéc thém, bét cac phan tu trong danh sach, tach nhap cac danh sach kha dé dang
do chuing ta chi can thay déi méi lién két gita cac phan ti véi nhau.

4.5. Danh sach han ché

Trong céc thao tac trén danh sach khéng phai lic nao ciing cé thé thyc hién dudc
tat cd ma nhiéu khi cac thao tac nay bj han ché trong mét sé loai danh sach, dé la
danh sach han ché.

Nhu vay, danh sach han ché€ la danh sach ma cac thao tac trén dé bi han ché trong
mo6t ching muc nao dé tuy thudéc vao danh sach. Trong phan nay ching ta xem xét
hai loai danh sach han ché& chua yé&u dé la:

- Hang dgi (Queue);
- Ngan xép (Stack).

4.5.1. Hang doi (Queue)

A. Khai niém - Cau tric dir liéu:
Hang dgi la mét danh sach ma trong dé thao tac thém mét phan t& vao trong danh

sach dugc thyc hién & mét dadu nay va thao tac ldy ra mét phan tu t trong danh
sach lai dugc thyc hién & dau kia.

Nhu vay, cac phan ti dugc dua vao trong hang dgi trudéc sé dudc lay ra trudc, phan
tir dua vao trong hang dgi sau s& dudc lay ra sau. Do d6 ma hang dgi con dugc goi
la danh sach vao trudc ra trudc (FIFO List) va cdu tric di liéu nay céon dudc goi la
cdu truc FIFO (First In — First Out).

Cé nhiéu cach dé biéu dién va té chic cac hang dgi:
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- St dung danh sach dac,
- St dung danh sach lién két,

Tuy nhién, diéu quan trong va can thiét 14 chung tad phai quan ly vi tri hai dau cué
hang doi thong qué hai bién: Bién triréc (Front) va Bién sdu (Réar). Hai bién nay co
thé cung chiéu hoac nglrQc chiéu voi thi’ty cac phan tl trong mang va trong danh
sach lién két. Diéu ndy co nghia 14 dau hang doi co thé 14 dau mang, dau danh sach
lién két ma cung co thé 14 cu6i mang, cudi danh sach lién két. Dé thuan tién, ¢ day
chung ta gia s ddu hang doi cung |4 ddu méng, dau danh sach lién két. Trirdng hop
ngtQc lai, sinh vién ti’ap dung trong tu.
O day chung ta sé biéu dién va to chirc hang doi bang danh sach dac va bang danh
sach lién két don dirgc quan ly bgi hai con tro dau va cud” danh sach. Do vay cau
truc dir liéu cua hang doi cung nh cac thao tac trén hang doi sé dioc trinh bay
thanh hai trtong hop khac nhau.
- Biéu dién va to chi*c bang danh sach dac:
typédéf struct Q_C
{ int Lén; // Chiéu dai hang doi
int Front, Réar;
T * List;// Noi dung h&ng doi
} C_QGEGE;
C_QGEGE CQ_List;

Hinh &nh minh hoa:

- Biéu dién va t8 chic bang danh sach lién két don;

typedef struct Q_EIémént
{ T Kéy;
Q_EIlémént * Néxt; // Vung lién két quan ly dia chi phan tr ké tiép
} Q_OnéElémeént;
typédéf Q_OnéEIémént * Q_Typé;

typédéf struct QP_EIémént

{ Q_Typé Front;
Q_Typé Réar;
} S_QgEGE;

S_QGEGE SQ_List;
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Hinh &nh minh hoa:

B. Céc thao tac trén hang doi to chirc bang danh sach dic:

Do han ché cla danh sadch dac cho nén moi hang doi déu co mot chiéu dai co dinh.
Do vay, trong qua trinh thag tac trén hang doi co thé xay ra hién twgng hang doi bi
day hoac hang doi bi tran.

- Khi hang doi bi day: s6 phan tv cGa hang dgi bang chiéu dai cho phép cla hang
doi. Luc nay chdng ta khéng thé thém bat ky mot phan tv nao vao hang doi.

- Khi hang dgi bi tran: so phan tuv cla hang doi nho hgn chiéd dai cho phép cla
hang dgi nhung Réar = Lén. LlUc nay ching ta phai khac phuc tinh trang tran
hang doi bang cach dich tat ca cac phan tu cla hang dgi ra phia trvoc Front-1
vi tri hoac xoay vong dé Réar chdyén Ién vi tri dad danh sach dac. Trong phan
nay chung ta sv ding phugng phap xoay vong. Nhu vay thég phuwgng phap nay,
hang doi bi day trong cac trvgng hop sal:

+ Front = 1 va Réar = Lén, khi: Front < Réar
+ Réar + 1 = Front, khi: Réar < Front

A Ghi cha:
Néud ching ta khac phic hang doi bi tran bang phugng phap dich tat ca cac phan tu
cla hang doi ra phia trvgc Front-1 vi tri thi hang doi bi day khi thda man diéu kién:
Front = 1va Réar = Lén (O day ta 1G6n 1G6n co: Front < Réar).

a. Khoi tao hang doi (Initialize):

Trong thao tac nay ching ta thwc hién viéc xac dinh kich thwgc hang doi, cap phat
bo nho dé Iuwd trv phan duv liéd cho hang doi, dong thoi cho gia tri cac thanh phan
Front, Réar vé gia tri 0 (trong C ching ta khoi tao vé gia tri -1).

- Thuat toan:

B1l: CQ_List.Lén = Léngth
B2: CQ_List.List = néw T[Lé&ngth]
B3: IF (CQ_List.List = NulLl)
Thuc hién Bkt
B4: CQ_List.Front = CQ_List.Réar =0
Bkt: Két thuc
- Cai dat thuat toan:
Ham CQ_Initializé co prototypé:

T * CQ_lnitializé (C_QGEGE &QList, int Léngth);
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Ham thyc hién viéc khdi tao gia tri ban dau cho hang dgi quan ly bdi QList cé
kich thuéc Length. Ham tra vé con trd tré tSi dia chi dadu khéi da liéu cia hang
dgi néu viéc khdi tao thanh céng, ngudc lai ham tra vé con tré NULL.

N6i dung cda ham nhu sau:

T * CQ_lnitialize (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);
b

b. Thém (Pua) mot phan ti vao hang doi (Add):

Trong hang dgi chung ta luén luén dua phan t0 mdi vao cuéi hang ddi, ngay sau vi
tri Rear (néu hang dgi chua bj day). Gid st chung ta can dua phan tu cé gia tri

NewData vao trong hang dgi:
- Thuat toan:

// B14B2: Néu hang dgi bj day

B1: IF (CQ_List.Front = 1 AND CQ_List.Rear = CQ_List.Len)
Thyc hién Bkt

B2: IF (CQ_List.Rear+1 = CQ_List.Front)
Thyc hién Bkt

B3: IF (CQ_List.Front = 0) // Néu hang dgi réng
CQ_List.Front = 1

B4: IF (CQ_List.Rear = CQ_List.Len) //Néu hang bi tran
CQ_List.Rear = 1

B5: ELSE
CQ_List.Rear++

B6: CQ_List.List{CQ_List.Rear] = NewData

Bkt: K&t thuc

- Cai dat thuat toan:
Ham CQ_Add cé prototype:
int CQ_Add (C_QUEUE &QList, T NewData);

Ham thyc hién viéc thém phan t& cé néi dung NewData vao trong hang dgi quan
ly bdi QList. Ham trd vé vi tri cia phan t& vora mdi thém néu viéc thém thanh

céng, ngudc lai khi hang dgi bi day ham tra vé gia trj -1.
N6i dung cda 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);
)

c. Ldy néi dung mét phan tii trong hang doi ra dé xi Iy (Get):

Trong hang dgi chung ta luén luén 1dy néi dung phan t& 6 ngay dau hang dgi, tai vi
tri Front (néu hang dgi khéng réng). Gia st ta can ldy di liéu ra bién Data:

- Thuat toan:

// Néu hang dgi bj réng

B1: IF (CQ_List.Front = 0)
Thuyc hién Bkt

B2: Data = CQ_List.List[CQ_List.Front]

B3: IF (CQ_List.Rear = CQ_List.Front) // Hang dgi chi cé 1 phan t&
B3.1: CQ_List.Rear = CQ_List.Front = 0
B3.2: Thyc hién Bkt

B4: IF (CQ_List.Front = CQ_List.Len)
CQ_List.Front = 1

B5: ELSE
CQ_List.Front++

Bkt: K&t thuc

- Cai dat thuat toan:
Ham CQ_Get c6 prototype:
int CQ_Get (C_QUEUE &QList, T &Data);

Ham thyc hién viéc 18y néi dung phan ti dau hang dgi quan ly bdi QList va ghi
nhan vao Data néu ldy dudc. Ham tra vé gia tri 1 néu viéc 18y thanh céng, ngudgc
lai khi hang dgi bi rébng ham tra vé gia tri -1.

N6i 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);

b
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 thyc hién viéc hiy bé nhé da cdp phat cho hang dgi.
Ham CQ_Delete ¢6 néi dung nhu sau:
void CQ_Delete (C_QUEUE &QList)

{ delete QList.List;
return;

b
C. Cac thao tac trén hang dgi t6 chiic bing danh lién két don:

Khac véi hang dgi bi€u dién bing danh sach déc, 8 day hang dgi chi bi day khi hét
bé nhd va khéng bao gid bi tran.

a. Khai tao hang doi (Initialize):

Tuong tu nhu trong danh sach lién két don, trong thao tac nay chung ta chi don
gian thyc hién viéc gan cac con tréd Front va Rear vé con tré6 NULL. Ham
SQ_Initialize ¢6 néi dung nhu sau:

S_QUEUE SQ_Initialize (S_QUEUE &QList)
{ QList.Front = QList.Rear = NULL;
return (QList);
b

b. Thém (Pua) mot phan ti vao hang doi (Add):

o) day chung ta thém mét phan t& vao sau Rear (Thém vao cudi danh sach lién két).
Gia st chung ta can dua phan td cé gia tri di liéu la NewData vao trong hang dgi:

- Thuat toan:

B1: NewElement = SLL_Create_Node(NewData)

B2: IF (NewElement = NULL)
Thuyc hién Bkt

B3: IF (SQ_List.Front = NULL) // Néu hang dgi bi réng
B3.1: SQ_List.Front = SQ_List.Rear = NewElement
B3.2: Thyc hién Bkt

B4: SQ_List.Rear->Next = NewElement

B5: SQ_List.Rear = NewElement

Bkt: K&t thuc

- Cai dat thuat toan:
Ham SQ_Add c¢é prototype:
Q_Type SQ_Add (S_QUEUE &QList, T NewData);

Ham thyc hién viéc thém phan t& cé néi dung NewData vao trong hang dgi quan
ly bdi QList. Ham tra vé dia chi cda phan t vita mdéi thém néu viéc thém thanh
céng, ngudc lai ham tra vé con tré NULL.

Trang: 140



Gido trints: Chw Trie Dic Litw va Gidi Thudt
N6i 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 néi dung mét phan tii trong hang doi ra dé xi Iy (Get):

3 day ching ta 18y ndi dung thanh phan di liéu cda phan t& & dia chi Front ra bién
Data va ti€n hanh hdy luén phan td nay.

- Thuat toan:

// Néu hang dgi bj réng

B1: IF (SQ_List.Front = NULL)
Thyc 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 c¢6 1 phan tu
SQ_List.Rear = NULL

B7: delete TempElement

Bkt: Két 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 da liéu cia 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 ldy thanh céng, ngudgc lai khi hang dgi bj rébng ham tra vé gia tri -1.

N6i 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 thyc hién viéc huy toan bé cac phan ti trong hang dgi.
Ham SQ_Delete ¢6 ndi 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. Ngdn xép (Stack)

A. Khai niém - Cau truc dif liéu:
Ngéan xép la mét danh sach ma trong dé thao tac thém mét phan ti vao trong danh
va thao tac 14y ra mét phan tu tu trong danh sach dudc thyc hién 6 cung mét dau.

Nhu vay, cac phan t& dugc dua vao trong ngin x&p sau cung sé dudc lay ra trudc
tién, phan t& dua vao trong hang dgi trudc tién sé dugc ldy ra sau cung. Do dé ma
ngan x&p con dugc goi la danh sach vao sau ra trudc (LIFO List) va cdu trac di liéu
nay cén dudgc goi la cdu trac LIFO (Last In — First Out).

Tuong ty nhu hang ddi, cé nhiéu cach dé biéu dién va té chiic cac ngan xép:
- S& dung danh sach dac,
- St dung danh sach lién két,

Do & day ca hai thao tac thém vao va ldy ra déu dudc thyc hién & mét dau nén
chung ta chi can quan ly vi tri dau cua danh sach dung lam mat cho ngdn xé€p théng
qua bién chi s6 bé& mat SP (Stack Pointer). Chi sé nay cé thé la cung chiéu (dau)
hodc ngudc chiéu (cuédi) vdi thi ty cac phan ti trong mang va trong danh sach lién
két. Diéu nay cé nghia la bé mat ngan xép cé thé 1a ddu mang, dau danh sach lién
két ma ciing <6 thé 1a cudi mang, cudi danh sach lién két. D& thuan tién, & day
chung ta gia s& bé mét cia ngdn xép la dau mang, dau danh sach lién két. Trudng
hgp ngudc lai, sinh vién ty 4p dung tuong tu.

o) day chung ta ciing sé biéu dién va té chiic hang dgi bidng danh sach dic va bang
danh sach lién két don dudc quan ly bdi con tré dau danh sach. Do vay cau trac dd
liéu cua ngan x€p va cac thao tac trén dé s& dugc trinh bay thanh hai trudng hgp
khac nhau.

- Biéu dién va t8 chiic bing danh sach dic:
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typedef struct S C
{ int Size; // Kich thwéc ngan xep
int SP;
T * List;// Noi dung ngan xep
} C_STACK;

C_STACK CS_List;

Hinh anh minh hoa:

- Bieu dien va t6 chirc bang danh sach lien két dén;

typedef struct S_Element
{ T Key;
S_Element * Next; // Vung lien ket quan ly dia chi phan tu ke tiep
} S_OneElement;

typedef S_OneElement * S _STACK;
S_STACK S_SP;
Hinh anh minh hoa:
S SP NULL
*—u 15 10 20 18 40 35 30

B. Céac thao tac trén ngan xép to chirc bdng danh sach dic:
Do hdn che cta danh sach dac cho nen m6i ngan xep se ¢d mot kich thuéc cd dinh.
Do vay, trong qua trinh thd6 tdc tren ngdn xep cb the xdy rd hién twéng ngdn xep bi
ddy. Ngan xep bi ddy khi s6 phdn tv citda ngan xep bang kich thuéc cho phep cta
ngdn xep (SP = 1). LGc ndy chung td khong the them bédt ky mot phdn tv ndo vao
trong ngan xep.

a. Khoi tao ngan xep (Initialize):

Trong tha6 tdac ndy chung ta thuc hién viec xdc dinh kich thvéc ngan xep, cap phat
bo nh& de lwu trlk phan dw lieu chg ngan xep va cho gia tri thanh phan SP ve gia tri
Size+1.

- Thuat toan:
B1l: CS_List.Size = MaxSize
B2: CS_List.List = new T[MaxSize]
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B3: IF (CS_List.List = NULL)
Thyc hién Bkt
B4: CS_List.SP = CS_List.Size + 1
Bkt: K&t thuc

- Cai dat thuat toan:
Ham CS_Initialize cé prototype:
T * CS_lnitialize (C_STACK &SList, int MaxSize);

Ham thuyc hién viéc khdi tao gia tri ban dau cho ngdn x&€p quan ly bdi SList c6
kich thu6c MaxSize. Ham tra vé con tré tré téi dia chi dau khéi di liéu cua ngan
x€p néu viéc khdi tao thanh céng, ngudc lai ham tra vé con tré NULL.

No6i dung cda ham nhu sau:

T * CS_lnitialize (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

b. Thém (Pdy) mét phén tii vao ngdn xép (Push):
Trong ngdn xép chung ta luén luén dua phan t& mdi vao trén cing cua ngan xép,

ngay trudc vi tri SP (néu ngén xép chua bj day). Gia si ching ta can dua phéan tu cé
gia tri NewData vao trong ngan x€ép:
- Thuat toan:
B1: IF (CS_List.SP = 1) // Néu ngén xé&p bj day
Thyc hién Bkt
B2: CS_List.SP--

B3: CS_List.List[CS_List.SP] = NewData
Bkt: K&t thuc

- Cai dat thuat toan:
Ham CS_Push cé prototype:
int CS_Push (C_STACK &SlList, T NewData);
Ham thuc hién viéc ddy thém phan t& ¢é néi dung NewData vao trong ngan x&p

quan ly bdi SList. Ham tra vé vi tri cia phan t& vi‘a mdi thém néu viéc thém thanh
céng, ngudc lai khi ngdn x&p bi day ham tra vé gia tri - 1.

No6i dung cia 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);
}

c. Ldy néi dung mét phan tii trong ngdn xép ra dé xit ly (Pop):

o) day chung ta ciing luén luén ldy néi dung phan t& & ngay bé mét ngan x&p, tai vi
tri SP (néu ngan xép khéng réng). Gia su ta can ldy di liéu ra bién Data:

- Thuat toan:

// Néu ngan x&p bi réng

B1l: IF (CS_List.SP = CS_List.Size+1)
Thyc 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 ldy néi dung phan t¢ & trén bé mét ngdn x€p quan ly bdi SList
va ghi nhan vao Data néu ldy dugc. Ham tra vé gia tri 1 néu viéc lay thanh céng,
ngudc lai khi ngan x&p bi réng ham tra vé gia tri -1.
N6i dung cda ham nhu sau:

int CS_Pop (C_STACK &SList, T &Data)
{ if (SList.SP == SlList.Size)
return (-1);
Data = SList.List[SList.SP];
SList.SP += 1;
return (1);

b
d. Hity ngdn xép:
Trong thao tac nay chung ta thyc hién viéc hiy bé nhé da cap phat cho ngan xé&p.
Ham CS_Delete ¢6 néi dung nhu sau:

void CS_Delete (C_STACK &SList)
{ delete SList.List;
return;

}
C. Cac thao tac trén ngén xép t6 chiic bing danh lién két don:
a. Khéi tao ngdn xép:
Ham SS_Initialize ¢é néi dung nhu sau:

S_STACK SS_Initialize (S_STACK &SList)
{ SList = NULL;
return (SList);
b
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b. Thém (Pdy) mét phén tii vao ngdn xép (Push):

3 day chung ta thém mét phan td vao trudc S_SP (Thém vao dau danh séach lién
két). Gia su chung ta can dua phan ta <6 gia tri d liéu la NewData vao trong ngan
x€p:

- Thuat toan:

B1: NewElement = SLL_Create_Node(NewData)

B2: IF (NewElement = NULL)
Thyc hién Bkt

B3: IF (S_SP = NULL) // Néu ngan x€p bi réng
B3.1: S_SP = NewElement
B3.2: Thyc hién Bkt

B4: NewElement->Next = S_SP

B5: S_SP = NewElement

Bkt: Két thuc

- Cai dat thuat toan:
Ham SS_Push cé prototype:
S_STACK SS_Push (S_STACK &SList, T NewData);

Ham thyc hién viéc thém phan td <6 néi dung NewData vao trong ngdn x&€p quan
ly bdi SList. Ham tra vé dia chi cua phan t& vira md&i thém néu viéc thém thanh
céng, ngudc lai ham tra vé con tré NULL.

N6i dung cda 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 néi dung mét phan tii trong ngdn xép ra dé xit ly (Pop):

3 day chung ta 18y néi dung thanh phan di liéu cda phan t& & dia chi S_SP ra bién
Data va ti€n hanh hdy luén phan td nay.

- Thuat toan:

// Néu ngan x&p bi réng
B1: IF (S_SP = NULL)
Thyc 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 cé prototype:

int SS_Pop (S_STACK &SList, T &Data);

Ham thuyc hién viéc 14y ndi dung thanh phan di liéu cua phan t&¢ & bé mdat ngan
x€p quan ly bdi SList va ghi nhan vao Data néu ldy dugc. Ham tra vé gia tri 1 néu
viéc ldy thanh céng, ngudc lai khi ngdn x&€p bi rébng ham tra vé gia trj -1.

N6i 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);

b
d. Hity ngdn xép:
Trong thao tac nay chung ta thyc hién viéc huy toan bé cac phan ti trong ngan xé&p.
Ham SS_Delete ¢6 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 cua danh sdch han ché

Danh sach han ch& dugc st dung trong nhiéu trudng hgp, vi du:
- Hang dgi thudng dugc st dung dé luu trit cac ludng di liéu can xd ly tuan ty;

- Ngéan x&p thudng dudc xu ly trong cac luéng di liéu truy hdi, ddc biét la trong viéc
khi dé quy cho cac thuat toan.

Céu hdi va Bai tap

1. Trinh bay khai niém cida cac loai danh sach? Uu, nhugc diém va ting dung cia mdi
loai danh sach?

2. Hay dua ra cac céu tric dif liéu dé€ quan ly cac loai danh sach viua ké trén? Mdi loai
ban hay chon ra mét cdu truc di liéu ma theo ban la hay nhat? Giai thich sy lua
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 hdp 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 déi trong
trudng hgp chi quan ly bang con tré dau trong danh sach?

5. Trinh bay thuat toan va cai dat tat cd cac thao tac trén hang ddi, ngan xép biéu dién
bdi danh sach lién két déi trong hai truéng hgp: Danh sach lién két cung chiéu va
ngugc chiéu véi hang dgi, ngdn xé&p?

6. Van dung cac thuat toan sdp xép da hoc, hay cai ddt cac ham sip x&p trén danh
sach lién két don, lién két dbi theo hai cach quan ly:

- Quan ly dia chi nat dau danh sach;
- Quan ly dia chi ndt dau va cudi danh sach.

Theo ban thuéat toan sdp x&€p nao dé& van dung hon trén danh sach lién két don, lién
két déi trong hai trudng hgp nay?

7. Hay trinh bay thuéat toan va cai dat thao tac tach mét danh sach lién két (don/déi) cé
thanh phan di liéu 1a cac s6 nguyén thanh hai danh sach lién két cé thanh phan di
liéu tucng Ung la cac s6 chdn va cac sé 1é, sao cho téi vu bé nhéd may tinh néu nhu
danh sach ban dau sau khi tach khéng con céan thiét?

8. Hay trinh bay thuat toan va cai dat thao tac trén cac danh sach lién két (don/déi) cé
thd ty thAnh moét danh sach lién két cé thi ty sao cho téi uu bé nhé may tinh néu
nhu cac danh sach sau khi trén 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, bét cac muc trong mét menu thanh ngang, menu doc?

10. Su dung Stack, viét chuong trinh nhap vdao mét s6 nguyén, khéng 4m béat ky, sau
dé xuat ra man hinh sé ddo ngudc thu ty cac chit s6 cua sé nhap vao.

Vi du: - Nhap vao mét sé nguyén: 10245
- S6 nguyén & dang dao ngudc: 54201

11. S& dung Stack, viét chuong trinh chuyén déi mét s8 nguyén N trong hé thap phan
(hé 10) sang biéu dién &:

a. Hé nhi phéan (he 2)
b. Hé thap luc phan (hé 16)

12. Viét chuong trinh mé phdng cho bai toan “Thap Ha néi” va “Thap Saigon” vdi cac
cdu tric di liéu nhu sau:

a. St dung danh sach lién két dé luu tri¥ cac cét thap;
b. St dung Stack dé luu tri¥ cac cét cda thap
Cé nhéan xét gi cho ting truéng hgp?
13. Van dung Stack dé g& dé quy cho thuat toan QuickSort?

14. Van dung danh sach lién két vong dé giai bai toan Josephus.
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Chuwong 5: CAY (TREE)
5.1. Khainiém - Biéu dié n cay
5.1.1. Pinh nghTa céy

Cay la mot tap hop cac phan tlr (cac nat) dugc to chirc va cé cac dac diém sau:
- Hoac la mot tdp hgp réng (cay réng)

- Hoac 14 mot tap hop khac réng trong d6 cé6 mot nat duy nhat dwge lam nat goc
(Root’s N6dé), cac nut con lai dvoc phan thanh cac nhém trong dé méi nhém lai la
mét cay gobi la cay con (Sub-Trée).

Nhi vay, moét cay con c6 thé I& mot tdp rong cac nat va cing coé thé 1a moét tap hop
khéc réng trong dé cé6 mot nat Iam nat géc cay con.

Vidu: Cay thtr muc trén mét dia clng

5.1.2. Mot so khai niém lién quan

a. Bac ciia mot nut:
Bac ctia mét nat (nodé’s dégréé) la so cay con cua nat do
Vi du: Bac cla nat OS trong cdy trén bang 2
b. Bac ciia mot cay:
Bac clia mot cay (tréé’s dégréé) la bac logn nhat cia cac nat trong cay.
Cay c6 bac N goi la cay N-phan (N-Tréé)
Vi du: Bac cua cay trén bang 4 (bang bac cua nat gdc) va cay trén goéi la cay tw
phan (QUéartz-Trég)
c. Natgéc:

Nut géc (root’s nod€) la nit khéng phéi 14 nat géc cdy con clia bat ky mét cay con
naé khac trong cay (nat khéng lam nat géc cay con).
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Vi du: Nt \ clda cay trén la cac nuat géc.
d. Niit két thiic:
Nut két thuc hay cén goi la nut 1a (leaf’s node) la nat cé bac bang 0 (nut khéng cé
nut cay con).
Vi du: Cac nut DOS, WINDOWS, BIN, INCLUDE, BGI, DOC, PICTURE, SHEET, NC,
Nd cuia cay trén la cac nut la.

e. Niit trung gian:

Nut trung gian hay cén goi la nut gita (interior’s node) la nit khéng phai la nut géc
va cing khéng phai la nat két thic (nat cé bac khac khéng va la nat géc cay con
cla mét cay con nao dé trong cay).

Vi du: Cac nat OS, PROGRAMS, APPLICATIONS, UTILITIES, PASCAL, C, WORD,
EXCEL cuda cay trén la cac nat trung gian.

[|. Mitc ciia mét niit:

Mdc cia mét nut (node’s level) bidng mic cuda nat géc cdy con chiéa né céng thém
1, trong d6 muc cua nut géc bang 1.

Vi du: Mic cda cac nut DOS, WINDOWS, PASCAL, C, WORD, EXCEL, NC, NU ctda
cay trén bang 3; muc cua cac nuat BIN, INCLUDE, BGI, DOC, PICTURE,
SHEET, cua cay trén bang 4.
g. Chiéu cao hay chiéu séu ciia mét cdy:

Chiéu cao cua mét cay (tree’s height) hay chiéu sdu cua mét cay (tree’s depth) la
muc cao nhat cda cac nut trong cay.

Vi du: Chiéu cao cua cay trén bang 4.
h. Niit trude va niit sau ciia mot niit:

Nut T dugc goi la nat truSc (ancestor’s node) cua nit S néu cay con c6 géc la T
chita cay con cé géc la S. Khi dé, nat S dudc goi la nut sau (descendant’s node) cua
nut T.

Vi du: Nut PROGRAMS la nat truéce cda cac nat BIN, BGI, INCLUDE, PASCAL, C va
ngugc lai cac nat BIN, BGI, INCLUDE, PASCAL, C la nat sau cua nuat
PROGRAMS trong céy trén.

i. Niit cha va niit con ciia mot niit:

Nut B dugc goi la ndt cha (parent’s node) cda nat C néu nut B la nit trudc cua nat C
va muc cida nat C 1én hon mic cda niat B la 1 mdc. Khi d6, nit C duge goi la nat
con (child’s node) cda nat B.

Vi du: Nut PROGRAMS la nut cha cia cac nat PASCAL, C va ngudc lai cac nat
PASCAL, C la nat con cda nut PROGRAMS trong céay trén.

j. Chiéu dai duong di ciia mot niit:

Chiéu dai dusng di cia mét nut la s8 dinh (sé nut) tinh ti nat géc dé di dén nut dé.
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Nhu vay, chiéu dai dudng di cua nut géc luén luén bang 1, chiéu dai dudng di téi
mot nut bang chiéu dai dudng di tSi nat cha né céng thém 1.

Vi du: Chiéu dai dudng di tdi nut PROGRAMS trong cay trén la 2.

k. Chiéu dai duong di ciia mot cdy:

Chiéu dai dudng di cia mét cay (path’s length of the tree) la téng tat cd cac chiéu

dai dudng di cda tat ca cac nat trén cay.

Vi du: Chiéu dai dudng cua cay trén la 65.

Ghi chii: Bay 1a chiéu dai dudng di trong (internal path’s length) cda cay. D€ cé dugc
chiéu dai dudng di ngoai (external path’s length) cua cdy ngudi ta md réng tat ca
cac nut cua cay sao cho tat ca cac nat cia cay cé cung bac bang cach thém vao
cac nut gid sao cho tat ca cac nut cé bac bing bac cia cay. Chiéu dai dudng di
ngoai cla cay bang téng chiéu dai cda tat ca cac nit mé réng.

l. Ring:

Rung (forest) la tdp hgp cac cay.

Nhu vay, mét cay khi mat nat géc sé tré thanh mét riung.

5.1.3. Biéu dién céy

2 o« A 2 2 ope o X ~
C6 nhiéu cach dé biéu dien cay:

- St dung dé thi: Nhu vi du vé cay thu muc & trén.
- St dung gian dé tap hop
- S dung dang phan cép chi s6: Nhu bang muc luc trong céac tai liéu, gido trinh, ..

Bi€u di&n cay trong b6 nhé may tinh:

D& biéu dién cay trong bé nhd may tinh ching ta cé thé st dung danh sach lién két.
Nhu vay, dé biéu dién cay N-phén chuing ta st dung danh sach cé N méi lién két dé
quan ly dia chi N nat géc cay con. Nhu vay céu tric da liéu cua cay N-phan tudng
tu nhu cdu trac di liéu cda 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 cdn quan Iy dia chi nut géc cia cay:
NT_Type NTree;

Trong pham vi phan nay chidng 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 nhiphan (Binary Tree)
5.2.1. DPinh nghTa

Cay nhi phan la cay c6 bac bang 2 (bac ctia moi nat téi da bang 2).
Vi du: Cay nhi phan biéd dién biéd thtec (2 X&) + [b: (c - 1) +d] nhu sau:

ExprTree

A. Biéu dién cay nhi phan:

Dé biél dién cay nhi phan trong b6 nhd may tinh ching ta cé thé st ding danh sach
cd 2 moi lién két dé quan ly dia chi cta 2 nat goc cay con (cay con trai va cay con
phai). Nhuv vay cal trGc dw li€éd cta cay nhi phan twéng ty nhu cad trac di lied cda
danh sach lién két doi nhung vé cach thirc lién két thi khac nhad:
typEdéf strict BinT_Nodé
{ T Kéy;
BinT_Nodé * BinT_Lé&ft; // Vang lién két qian ly dia chi nit goc cay con trai
BinT_No6dé * BinT_Right; // Ving lién két qaan ly dia chi nat goc cay con phai
} BinT_OnéNo6dé;

typédéf BinT_OnéNGdé * BinT_Typé;

DEé quan ly cac cay nhi phan chlng ta can quan ly dia chi ndt goc cla cay:
BinT_Typé BinTréé;

B. Cac thao tac trén cay nhi phan:

a. Khéi tao cay nhiphan:

Viéc kh¢i tao cay nhi phan chi dén gian chlng ta cho con tro quan ly dia chi ndt goc vé
con tro NULL. Ham khéi tdo cdy nhi phan nhu sad:
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BinT_Type BinT _Initialize (BinT_Type &BTree)
{ BTree = NULL;
return (BTree);

}

b. Tao m&¢i mot nat:
Thao tdc nay hoan toan twong ty nhw ddi véi thao tac tao méi mot nat trong danh

sach lien két doi. Gia sy chlng ta can tao mé&i mot nit c6 thanh phan di liéu la
NewData.

- Thuat toan:

B1l: BTNode = new BinT_OneNode
B2: IF (BTNode = NULL)

Thuwc hién Bkt
B3: BTNode- >BinT_Left = NULL
B4: BTNode- >BinT_Right = NULL
B5: BTNode->Key = NewData
Bkt: Ket thuc

- Céai dat thuat toan:
Ham BinT_Create_Node co prototype:
BinT_Type BinT_Create_Node(T NewData);

Ham tao m@&i mot nat co thanh phan dw lieu la NewData, ham tra ve con tro tro
toi dia chi cta nat mé6i tao. Ne( khong du bo nhé de tao, ham tra ve con tro
NULL.

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);
}

- Minh hoéa thuét toan:
Gia su chung ta can tao ndt co thanh phan du liéd la 30: NewData = 30
BTnode = new BinT_OneNode
BTnode*

BTnode- >BinT_Left = NULL
BTnode->BinT_Right = NULL
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BTnode->Key = NewData
BTnodé

c. Thém mot natvao trong cay nhiphan:

Gia sir ching ta can them mot nat co gia tri thanh phan di liéu la NewData vao
trong cay nhi phan. Viec them co the dien ra & cay con trai hodc cay con phai cua
cay nhi phan. Do vay, & day ching ta trinh bay 2 thao tac them rieng biet nhau:

- Thuat toan thém 1 nat vao ben trai nhat cua cay:

B1l: NewNode = BinT_Create_Node (NewD3dta)
B2: IF (NewNode = NULL)
Thuc hién Bkt
B3: IF (BinTree = NULL) // Cay rong
B3.1: BinTree = NewNode
B3.2: Thuc hién Bkt
B4: Lnode = BinTree
B5: IF (Lnode->BinT_Left = NULL) // Cay con trai rong
B5.1: Lnode->BinT_Left = NewNode
B5.2: Thuc hién Bkt
B6: Lnode = Lnode->BinT_Left // Di theo nhanh cay con trai
B7: Lap lai B5
Bkt: Ket thuc

- Minh hoa thuét toan:

Gia s chling ta can them nat co thanh phan di liéu la 17 vao ben trai nhat cua
cay nhi phan: NewData = 17

NewNodé BinTree
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B5.1: Lnode->BinT_Left = NewNode

NewNode BinTree

BinTree

NULL NULL NULL NULL NULL NULL

- Cai dat thuat toan:
Ham BinT_Add_Left co prototype:
BinT_Type BinT_Add_Left(BinT_Type &BT _Tree, T NéwData);
Ham thwc hién viéc thém vao ben trai nhat trong cay nhi phan BT_Tree mot nut
co thanh phan di liéd la NéwData, ham tra vé con tré tré t&i dia chi cia nat maoi
thém néud viéc thém thanh cong, ngudc lai néd khdng da bo nhd, ham tra vé con
tro NULL.
BinT_Typé BinT_Add_LE&ft(BinT_Typé &BT_Tré€, T NéwData)
{ BinT_Typé NéwNodé = BinT_Créaté_Nodé(NéwData);
if (NEwNodé == NULL)
rétirn (NéwNodé);
if (BT_Trée == 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;

return (NewNode);

}

- Thuat toan thém 1 nGt vao bén phai nhdt cua cay nhi phan:

B1l: NewNode = BinT_Create_Node (NewData)
B2: IF (NewNode = NULL)
Thuc hién Bkt
B3: IF (BinTree = NULL) // Cay rong
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 hien Bkt
B6: Rnode = Rnode->BinT_Right // Bi theo nhanh cay con phai
B7: Lap lai B5
Bkt: Ket thuc

- Minh hoa thuét toan:

Gia sy chung ta can them ndat co thanh phan dy lieu la 21 vao ben phai nhat clua
cay nhi phan: NewData = 21

BinTréé NéwNodé
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B5.1: Rnode->BinT_Right = NéwNodé

BinTree NewNode

Két qua sau khi thém:
BinTree

- Cai dat thuat toan:
Ham BinT_Add_Right co prototype:
BinT_Type BinT_Add_Right(BinT_Type &BT_Tréé, T NéwDAatd);
Ham thuc hién viéc thém vao bén phai nhét trong cdy nhi phan BT_Tree mot nit
co thanh phan dir liéd 1A NéwData, ham trd vé con trd tro todi did chi cia nat mai
thém néu viéc thém thanh cong, ngudc lai néu khong dd bo nhd, ham trd vé con
tro NULL.
BinT_Typé BinT_Add_Right(BinT_Typé &BT_Tréé, T NéwDAatd)
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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 thyc hién mét thao tac x& ly nao dé déi véi nit nay (Xem néi dung
thanh phan di liéu chdng han). Cdn cd vao tht ty duyét nut géc so véi 2 nut géc
cay con, thao tac duyét cé thé thuc hién theo mét trong ba thi ty:

- Duyét theo thi ty nat géc truéc (Preorder):

Theo cach duyét nay thi nat géc sé duge duyét truéc sau dé6 mdi duyét dén hai cay
con. Can cd vao tha tg duyét hai cdy con ma chung ta cé hai cach duyét theo thu tu
nut géc trudc:

+ Duyét nat géc, duyét cay con trai, duyét cdy con phai (Root — Left — Right)
+ Duyét nat géc, duyét cay con phai, duyét cay con trai (Root — Right - Left)
- Duyét theo thit ty nat géc giita (Inorder):

Theo cach duyét nay thi chung ta duyét mét trong hai cay con trudc réi dén duyét
nut géc va sau dé mdi duyét cay con cén lai. Can c vao tha ty duyét hai cay con
ching ta ciing sé cé hai cach duyét theo thid ty nat géc gitra:

+ Duyét cay con trai, duyét niat géc, duyét cay con phai (Left — Root - Right)
+ Duyét cay con phai, duyét nat géc, duyét cay con trai (Right — Root - Left)
- Duyét theo thit ty nat géc sau (Postorder):

Tuong ty nhu duyét theo nuit géc trudce, trong cach duyét nay thi nat géc sé dudce
duyét sau cung so vSi duyét hai nit géc cay con. Do vay, cdn cd vao thd ty duyét
hai cdy con ma chung ta cing cé hai cach duyét theo thi ty 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 ching ta chi trinh bay mét cach duyét theo mét thi ty cy thé dé la:
Duyét cdy con trai, duyét nut géc va duyét cay con phai (Left — Root — Right) va st
dung thuat toan dé quy. Cac cach duyét khac bing thuat toan dé quy hay khéng dé
quy sinh vién tg van dung tuong tu.
- Thuat toan dé quy dé& duyét cay nhi phan theo thii ty Left — Root — Right (LRootR):

B1: CurNode = BinTree
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B2: IF (CurNodé = NULL)
Thuc hién Bkt
B3: LRootR (BinTree->BinT_Lé&ft) // Duyét cay con trai
B4: Process (CurNode->Key) /1 X& ly thong tin nat goc
B5: LRootR (BinTréé->BinT_Right) // Duyét cay con phai
Bkt: KEét thuc

- Minh hoa thuét toan:

Gia st chung td can duyét qua cac nuat trong cay nhi phan du6i day theo thi tuw
Left - Root - Right:

LRootR(Bin Tree->Bin T_Left->Bin T_Left)
LRootR(NULL)
Process(12)
LRootR(NULL)

Process(36)

LRootR(Bin Tree->Bin T_Left->Bin T_Right)
LRootR(NULL)
Process(18)
LRootR(NULL)

Process(40)

LRootR(BinTree->BinT_Right)
LRootR(Bin Tree->Bin T_Right->Bin T_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 thié tu cac théng tin cda cac nut dude xi 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 thyc hién thao tac duyét qua tat ca cac nuat trong cdy nhi phan BT_Tree theo
thtr tu duyét Left — Root — Right dé xt Iy théng tin 6 méi 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 x@ ly théng tin (Key) cia médi nut. Do vay tay ting
trudng hgp cu thé ma ching ta viét ham cho phu hgp. Chang han dé xu&t théng
tin thi chi can céac l1énh xu&t di liéu dé€ xuat thanh phan Key.

e. Tinh chieu cao ciia cdy:

Dé tinh chiéu cao cia cay (TH) ching ta phai tinh chiéu cao cda cac cay con, khi dé
chiéu cao cua cay chinh la chiéu cao I6n nhat cua cac cdy con céng thém 1 (chiéu
cao nut géc). Nhu vay thao tac tinh chiéu cao cua cay la thao tac tinh dé quy chiéu
cao cua cac cay con (chiéu cao cia cdy con c6 géc la nut 1a bang 1).

- Thuat toan:
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Bl: IF (BinTree = NULL)
Bl.l: TH=0
Bl.2: Thuc hién Bkt
B2: THL = TH(BinTree->BinT_Léft)
B3: THR = TH(BinTree->BinT_Right)
B4: IF (THL >THR)

TH = THL + |
B5: ELSE
TH =THR + |

Bkt: Ket thuc
Vidu: Chiéu cao cua cay nhi phan sau bang 4.

BinTree

Ham BinT_Height c6 prototype:
int BinT_Height(BinT_Type BTree);

Ham tinh chiéu cad cta cay BTree theo thuat toan dé quy. Ham tra ve chiéu caé
clia 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 so n&t cla cay:

Tuong tv nhu tinh chieu cao cua cay, so nut cua cay (NN) bang tong so nat cua hai
cay con cong them 1 Do vay thao tac nay chung ta cung se tinh de quy so nut cua
cac cay con (so nut cua cay con co goc la nut la bang 1).
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- Thuat toan:
B1l: IF (BinTree = NULL)
B1.1: NN =0

B1.2: Thuc hién Bkt
B2: NNL = NN(BinTree->BinT_LEéft)
B3: NNR = NN(BinTree->BinT_Right)
B4: NN = NNL + NNR + 1
Bkt: Ket thuc

Vidu: SO nGt cda cay nhi phan sal bang 8.

BinTree

4 (2+1+1)
8(3+4+1)
- Cai dat thuat toan:
Ham BinT_Num_Node co prototype:
int BinT_Num_Node(BinT_Type BTree);
Ham tinh sd nat cGa cay BTree theo thuat toan dé quy. Ham tra ve so nit cha 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. Huay moétnuttrén cay nhiphan:
Viec huy mot nut trong cay c6 the lam cho cay tré thanh rirng. Do vay trong thao tac
nay neu chung ta tién hanh huy mot nut la thi khong co dieu gi xay ra, song néu huy
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nut khong phai la nat 14 thi ching ta phai tim cach chuyén cac niat goc cay con la
cadc nut con cU& nut cdn huy thadnh cac nat gdc cay con cda cac nat khac réi méi
tién hanh hay nat nay.
- Tredng hép nél nat cadn hay chi cd 01 nat géc cay con thi ching tad cd thé chlyén
nat goc cay con nay thanh nat goc cdy con cGa nat chd cGd nat can hay.

- Truéng hép néd nat cadn hdy co 2 nGt goc cay con thi ching td phai chiyén 02
ndat goc cdy con nay thanh nat goc cdy con cUd cac nat khac véi nat can hay.
Viéc chon cac nat dé Iam nhiém v nGt cha cta cac nat goc cdy con nay tly vao
twng truéng hép cd thé clia cdy nhi phan ma ching ta sé lva chon cho phi hép.

Do vay, thdo tac hdy mot nGt sé dwdc trinh bay cl thé trong cac loai cay cu thé

dwéc trinh bay ¢ cdc phan sad.

5.2.3. Caynhiphan tim kiém (Binary Searching Tree)

A. Khai niém - Cau truc di’liéu:
Cay nhi phan tim kiém l& cay nhi phan co thanh phan khoa cid moi nat Ién hén thanh
phdn khod c(a tat cd cac nut trong cdy con trdi cGa no vd nho hén thanh phdn khod
cla tat cd cac nat trong cdy con phdi cia no.
Vidu: Hinh &nh sdd 1a hinh dnh cGa mot cay nhi phan tim kiém

BSTree

TU khai niém nay ching ta c6 mo6t so nhan xét:
- Cal trac di' liéu cda cay nhi phan tim kiém la cad trdc dir liéd dé biéu dién cac cay
nhi phan noi chang.
typédéf stract BST_Nodé
{ T Kéy;
BST _No6dé * BST_Léft; // Ving lién két quan ly dia chi nGt géc cay con trai
BST_No6dé * BST_Right; // Vang lién két quan ly dia chi nat géc cay con phai
} BST_OnéNodé;
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typedef BST_OneNode * BST_Type;

P& quan ly cac cay nhj phan tim ki€ém ching ta can quan ly dia chi nat géc cda cay:
BST_Type BSTree;

- Khéa nhan dién (Key) cua cac nit trong cay nhi phan tim ki€m déi mét khac nhau
(khéng c6 hién tugng trung khéa).

Tuy nhién trong truéng hgp can quan ly cac nat cé khéa trung nhau trong cay nhi phan
tim ki€m thi ching ta <6 thé md réng céu tric di liéu cia mdi nut bang cach thém
thanh phan Count dé ghi nhan s8 lugng céac nut trung khéa. Khi dé, cdu tric dd lieu dé
quan ly cac cay nhi phan tim kiém dugc md réng nhu sau:

typedef struct BSE_Node
{ T Key;
int Count;
BSE_Node * BSE_Left; // Ving lién két quan ly dia chi nut géc cay con trai
BSE_Node * BSE_Right; // Ving lién két quan ly dia chi niat g6c cay con phai
} BSE_OneNode;

typedef BSE_OneNode * BSE_Type;

va chung ta quan ly cay nhi phan tim ki€ém nay bang cach quan ly dia chi nat géc:
BSE_Type BSETree;

- Nat & bén trai nhat la nut cé gia tri khéa nhan dién nhé nhat va nat 6 bén phai nhat
la nat cé gia tri khéa nhan dién 16n nhét trong cay nhij phan tim kiém.

- Trong mét cay nhi phan tim kiém thd tu duyét cay Left — Root — Right la thd ty duyét

theo sy tdng dan cac gia tri cua Key trong cac nut va thi tu duyét cay Right — Root —
Left 1a thi tu duyét theo su giam dan cac gia tri cia Key trong cac nut.

B. Cac thao tac trén cay nhj phan tim ki€m:
a. Tim kiém trén cay:

Gia su chung ta can tim trén cay nhj phan tim ki€ém xem cé tén tai nut cé khéa Key
la SearchData hay khéng.

Pé thyc hién thao tdc nay ching ta sé van dung thuat toan tim ki€ém nhij phan: Do
ddc diém cda 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 hodc trén cay con trai cda nuat nay
néu SearchData nhd hon Key cua nit nay hodc trén cdy con phai cda nut nay néu
SearchData 16n hon Key cia nuat nay.

- Thuat toan tim ki€m 1 nat trén cay nhi phan tim ki€m:

B1: CurNode = BSTree

B2: IF (CurNode = NULL) or (CurNode->Key = SearchData)
Thuyc hién Bkt

B3: IF (CurNode->Key > SearchData) // Tim kiém trén cay con trai
CurNode = CurNode->BST_Left

B4: ELSE // Tim kiém trén cay con phai
CurNode = CurNode->BST_Right

B5: Lap lai B2
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Bkt: Két thic
- Minh hoa thuét toan:
Giad st chlng ta can tim kiém nat c6 thanh phan di' li€d 1a 30 trén cay nhi phan
tim kiém sau: SéarchD4ata = 30

CurNodé->Keéy >SéarchDatd // Tim kiém trén cay con trai
AN COrNodé = CarNodé->BST_LEft

BSTree
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CurNode->Key < SearchData // Tim kiém trén cay con phai
A CurNode = CurNode->BST_Right

BSTree

CurNode->Key >SearchData // Tim kiem tren cay con trai
A CurNode = CurNode->BST_Left

BSTree

CurNode->Key = SearchData " Thuat toan ket thuc (Tim thay)
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Bay gi¢ gid s chlng ta can tim kiém nat cé thanh phan di liéu la 35 trén cay nhi
phan tim kiém trén: SéarchData = 35
CurNode  BSTree

CurNédé->Keéy >SéarchData // Tim kiém trén cay con trai
A CurN6odé = CurN6dé->BST_Léft

BSTree
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CurNode->Key < SearchData // Tim kiém trén cay con phai
A CurNode = CurNode->BST_Right

BSTree

CurNode->Key >SearchData // Tim kiem tren cay con trai
A CurNode = CurNode->BST_Left

BSTree

CurNode->Key < SearchData // Tim kiem tren cay con phai
A CurNode = CurNode->BST_Right
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BSTree

CUrNOdé = NULL A Thuét toan két thac (Khong tim thay)
- Cai dat thuat toan:
Ham BST_Séarching c6 prototype:
BST Type BST_Séarching(BST_Typé BS_Tréé, T Sé&archDéatd);

Ham thuc hién thad tdc tim kiém trén cay nhi phan tim kiém BS_Tréé nit co
thanh phan Kéy |4 SéarchDatd. Ham tra vé con trd trd toi dia chi cia nat c6 Kéy
l& SéarchData néu tim thay, trong truéng hép ngudc lai ham trd vé con tr6 NULL.
BST_Typé BST_Séarching(BST_Typé BS_Tréé, T SéarchDAéatd)
{ BST_Typé CurNoOdé = BS_Trég;
whilé (CurNo6dé '= NULL && CurNodé->Key != SéarchData)
{ if (CurN6dé->Keéy > SéarchData)
CurNo6dé = CurNOdé->BST_LEft;
Elsé
CurNo6dé = CurNOdé->BST_Right;

réturn (CurNo6dé);
}

b. Them mét nut vao trong cay:

Gia sir ching t4 can thém mot nat co thanh phan di liéd (KEy) 14 NéwD4ata véao trong
cdy nhi phan tim kiém sad cho sal khi thém cay van la mo6t cay nhi phan tim kiém.
Trong théo tdc nay trwéc hét ching tad phai tim kiém vi tri thém, sad dé méi tién
hanh thém nlt m&i vado cay (D6 vay thUat todn cOn dudc goi la th(at todn tim kiém
va thém vao cdy). QU4 trinh tim kiém tUan thd céac budc trong th(at todn tim kiém
da trinh bay ¢ trén.

Trong thiat toan ndy ching ta sé trinh bay thad tac thém vao cdy nhi phan tim kiém
trong trvéng hép khdong c6 hién twdng tring lap khoa. D6 vay, nél NEéwDAta bi tring
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v6i Key clia mot trong cdc nat & trong cay nhi phan tim kiém thi ching ta se khong
thuc hién thao tac thém nay. Tdy nhién, néld chlng ta st ddng cal tric dir lied mé
rong thi viéc tring khoa sé giai quyét dén gian vi khong lam tang sé nut cla cay nhi
phan tim kiém ma chi lam tang thanh phan Colnt cla nat bi tring khoa thém 1.
- Thuat toan thém 1 nat vao cay nhi phan tim kiém:
B1: NéwNodé = BinT_Créaté_NOodé(NEwDA4td)
B2: IF (NéwNodé = NULL)
Thuc hién Bkt
B3: IF (BSTréé = NULL) /I Cay rong
B3.1: BSTréé = NéwNodé
B3.2: Thitc hién Bkt
B4: CurNodé = BSTréé
B5: IF (CarNodé->KEéy = NéwData) // Tring khoa
Thuc hién Bkt
B6: IF (CirNodé->KEéy > NéwData)
B6.1: AddLéft =Traé // Thém vao cay con trai ca CUrNodé
B6.2: If (CarNodé->BST_L&ft I= NULL)
CurNodé = CarNodé->BST_Léft
B7: IF (CirNodé->KEéy < NéwData)
B7.1: AddLéft = Falsé // Thém vao cay con phai clia CUrNodé
B7.2: If (CarNodé->BST_Right != NULL)
CurNodé = CarNodé->BST_Right
B8: Lap lai B5
B9: IF (AddLéft = Trué)
CurNodé->BST_LE&ft = NéwNodé
B10: ELSE
CurNodé->BST_Right = NéwNodé
Bkt: KEt thuc

- Minh hoa thuat toan:

Gia st chlng ta can thém vao trong cay nhi phan tim kiém 1 ndt co thanh phan
dir liéd la 55: NéwData = 55
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CurNode->Key > NewData // Thém vao cay con trai
A AddLeft = True

CurNode->BST_Left I=NULL // Chuyen sang cay con trai
A CurNode = CurNode->BST_Left

BSTree
NewNode
NULL NULL NULL NULL NULL
CurNode->Key < NewData // Them vao cay con phai

N AddLeft = False

CurNode->BST_Right '= NULL // Chuyen sang cay con phai
A CurNode = CurNode->BST_Right

BSTree
NewNode
NULL NULL NULL NULL NULL
CurNode->Key < NewData // Them vao cay con ben phai

N AddLeft = False

CurNode->BST_Right '= NULL // Chuyen sang cay con ben phai
A CurNode = CurNode->BST_Right

NULL

NULL
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BSTree

CurNode->Key < NewData // Thém vao cay con phai
N AddLeft = False

CurNodé->BST_Right == NULL

/l Thém NewNode vao thanh nat géc cay con phai cua CurNodé
/I (AddLeft = False), thuat toan két thac.
A CurNode->BST_Right = NewNode

Ket qua sau khi them:
BSTree

- Cai dat thuat toan:
Ham BST_Add_Node cd prototype:
BST_Type BST_Add Node(BST_Type &BS Tree, T NewData);
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Ham thyc hién viéc thém vao cay nhi phan tim ki€ém BS_Tree mét nidt cé thanh
phan Key la NewData. Ham trd vé con tré tré t6i dia chi ciia nit mdéi thém néu
viéc thém thanh céng, trong truéng hdp 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) mot niit trén cdy:

Cing nhu thao tac thém mét nut vao trong cay nhj phan tim kiém, thao tac huy mét
nut trén cay nhji phan tim kiém cing phai bdo dam cho cay sau khi huy nut dé thi
cay van la mét cay nhj phan tim ki€ém. Day la mét thao tac khéng don gian bdi néu
khéng cén than ching ta sé bi€n cay thanh mét rung.

Gia su chung ta can huy nut cé thanh phan da liéu (Key) la DelData ra khdi cay nhi
phan tim ki€ém. Diéu dau tién trong thao tac nay la chung ta phai tim kiém dia chi
cla nut can huy la DelNode, sau dé6 mdi ti€n hanh hdy nuat cé dia chi la DelNode nay
néu tim thay (Do vay thuat todn nay con dugdc goi la thuat toan tim kiém va loai bd
trén cay). Qua trinh tim kiém da trinh bay & trén, & day ching ta chi trinh bay thao
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tac hay khi tim thdy nat c¢6 dia chi DelNode (DelNode->Key = DelData) va trong quéa
trinh tim ki€m chdng ta gir dia chi nat cha cla nat can hiay |4 PrDelNode.

Viéc hly nit co dia chi DEINodé co thé xay ra mot trong ba trirdng hop sau:
Ci) DelNode la nut Ia:

Trong trirdng hop ndy don gian ching tad chi can cat bo moi quan hé cha-con gilra
PrDEINodé va DEINodé bang cach cho con tro PrDEINodé->BST_LEft (nét DEINodé la
nat con bén trdi ctd PrDEINodé) hoac cho con tro PrDEINodé->BST_Right (néd
DéEINodé 14 nat con bén phai cua PrDEINodé) vé con tro NULL va tién hanh hay
(délété) nat co dia chi DEINodé nay.

Vidu: Gia st can hay nat co Kéy = 30 (DéID4ta = 30)
BSTree

NULL NULL NULL NULL NULL NULL

Trong tritdng hop nay chung ta cho PrDéIN6dé->BST_Lé&ft = NULL:
BSTree
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Két qua sau khi huy:
BSTree

c2) DelNode la nat chi co 01 nat gOc cay con:

Trong truong hyp ndy cung kha don gian chung ta chi can chuyén mdéi quan hé cha-
con gi*4 PrDéINodé vd DEINodé thdnh moi quan hé cha-con gi*d PrDéINodé va nat
goc cady con cud DEINodé rdi tién hanh cat bd mdi quan hé cha-con gidd DEINodé va
01 nut g6c cdy con cud nd va ti€én hanh huy nut c6 did chi DEINGdE nay.

Vidu: Gia sir can huy nut c6 Kéy = 19 (DEIDAatad = 19)
BSTree

NULL NULL NULL NULL NULL NULL
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Trong trwong hdp nay chdng ta thwc hién cac buéc:
Bl: PrDéINodé->BST_Léft = DéINodé->BST_LEéft
B2: DéINodé->BST_Lé&ft = NULL

BSTree

K&t qUa sad khi hay:

BSTree

c3) DelNode la nGt co d0 02 nat gdc cay con:
Trudong hop nay kha phic tap, viéc hay co thé tién hanh théo mot trong hai céch sad
day (co thé co nhiéd cach khac nira song ¢ day chang ta chi trinh bay hai cach):

- Chuyén 02 cay con cta DeiNode vé thanh m 6t cay con:
Théo phudng phap ndy ching ta sé chuyén cay con phai ciud DéINodé
(DéINodé"BST_Right) vé thanh cay con phai cia cay con co nat gdc la nat phai
nhdt trong cay con trai cia DéINodé (phai nhéat trong DéINodé->BST_LEft), hoac
chiyén cay con trai cda DéINodé (DéINodé->BST_LEft) vé thanh cay con trai cla
cay con co n0t goc la nut trai nhat trong cdy con phai cua Dé&INodé (trai nhat trong
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DelNode->BST_Right). Sau khi chuyén thi DelNode sé tré thanh niat 14 hodc nuat chi
c6 01 cay con va ching td hay DelNode nhuw déi v&i trvdng hép Ci) va c2) & tren.
Vidu: Gia sv cadn hay nat co Key = 25 (DelDatad = 25). Chlung t4 se chldyen cay con

phai cud DelNode (DelNode->BST_Right) ve thdnh cay con phai ct4 cdy con
co nUt goc l& nat phai nhat trong cdy con trai cia DelNode (nGt MRNode).

NULL NULL NULL NULL NULL NULL
Trong truong hdép nay chung ta thyc hién cac buéec:

B1: MRNodé->BsT_Right = D&INodé->BST_Right
B2: DéINodé->BST_Right = NULL
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Tién hanh cac budc dé hiy DelNode:
B3: PrDé&INodé->BST_L&ft = DEINodé->BST_Léft
B4: DEINodé->BST_Lé&ft = NULL

K&t quéa sad khi hay:

- Str dung phan t&r the mang (standby):

Théo phwéng phap nay ching ta sé khéng hly nit co dia chi DEINodé ma ching ta
sé hay nat cO dia chi cta phan tv thé mang la nat phai nhat trong cay con trai cla
DEINOdE (MRNGAE), hdac la nat trai nhat trong cay con phai cta DEINOdE (MLNOE).
Sat khi chayén toan bo ndéi ddng d li€d cha nat thé mang cho DéINodé
(DEINODENKEY = MRNOdE->KEy hoac DEINGdE->KEy = MLNOdE->KEy) thi ching ta
sé hay nat thé mang nhuv doi véi treéng hép ci) va c2) & trén.

Vidu: Gia st can hdy nat co Kéy =25 (DélData = 25). Chlng ta sé chon phan tu thé
mang MLNodé la nat trai nhat trong cay con phai ciia DEINOdE (trai nhat trong
DEINOdE->BST_Right) dé hay,
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BSTree
NULL NULL NULL NULL NULL NULL
Chuyén di liéu trong MLNode vé cho DelNode: DelNode->Key = MLNode->Key
BSTree
NULL NULL NULL NULL NULL NULL
Tien hanh huy MLNode (huy nut la): PrMLNode->BST_Left = NULL
BSTree

NULL NULL NULL NULL NULL NULL
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Két qua sau khi huy:
BSTree

NULL NULL NULL NULL

- Thuat toan huy 1 nGt trong cdy nhi phan tim kiem bang phwong phéap chuyén cay
con phai ctad nat can hay vé thanh cay con phdai cia cay con co nat géc la nat
phdai nhat trong cay con trai cGa nut can hdy (néd nat can hay c6 da 02 cay con):

/I Tim nat can huy va nat chd cua nat cdn huy
B1: DEINodé = BSTréé
B2: PrDéINodé = NULL
B3: IF (DéINodé = NULL)
Thuc hién Bkt
B4: IF (DEINodé->K8y = DélData)
Thuc hién B8
B5: IF (DEINodé->KEy > DEIDAatd) // Chuyén sang cay con trai
B5.1: PrDéINodé = DEINodé
B5.2: DéINodé = DEINodé->BST_LEft
B5.3: OnThéLEft = Trué
B5.4: Thuc hién B7
B6: IF (DEINodé->KEy < DEIDAatd) // Chuyén sang cay con phai
B6.1: PrDéINodé = DEINodé
B6.2: DéINodé = DéINodé->BST_Right
B6.3: OnThéLEft = Falsé
B6.4: Thuc hién B7
B7: Lap lai B3
/I Chuyén cdc mdi quan hé cud DEINodé cho cac nut khac
B8: IF (PrDéINodé = NULL) // DéINodé la nut gobc

// Néu DEINodé la nut la

B8.1: If (D&INodé- >BST_Lé&ft = NULL) and (DéINodé->BST_Right = NULL)
B8.1.1: BSTréé = NULL
B8.1.2: Thuc hién B10

// Néu DEINodé c6 mdt cay con phai
B8.2: If (DéINodé->BST_L&ft = NULL) and (DéINodé->BST_Right != NULL)
B8.2.1: BSTréé = BSTréé->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: Thyc hién B10

// Néu DelNode c6 hai cay con
B8.4: If (DelNode->BST_Left |= NULL) and (DelNode->BST_Right != NULL)

// Tim nut phai nhét trong cay con trai cua DelNode
B8.4.1: MRNode = DelNode->BST_Left
B8.4.2: if (MRNode->BST_Right = NULL)
Thuc hién B8.4.5
B8.4.3: MRNode = MRNode->BST_Right
B8.4.4: Lip 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 nat géc

// Néu DelNode la nut 14
BO.1: If (DelNode->BST_Left = NULL) and (DelNode->BST_Right = NULL)

// DelNode la cay con trai cia PrDelNode

B9.1.1: if (OnThelLeft = True)
PrDelNode->BST_Left = NULL

B9.1.2: else // DelNode la cay con phai cia PrDelNode
PrDelNode->BST_Right = NULL

B9.1.3: Thuyc hién B10

// Néu DelNode c6 mét 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 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: Thyc hién B10

// Néu DelNode c6 hai cay con
B9.4: If (DelNode->BST_Left |= NULL) and (DelNode->BST_Right != NULL)

// Tim nut phai nhét trong cay con trai cua DelNode
B9.4.1: MRNode = DelNode->BST_Left
B9.4.2: if (MRNode->BST_Right = NULL)
Thuc 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 phdi MRNode
B9.4.5: MRNode->BST_Right = DelNode->BST_Right
B9.4.6: DelNode->BST_Right = NULL

// Chuyén cay con trai con lai cia DelNode vé cho PrDelNode
B9.4.7: if (OnTheLeft = 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 thac

- Cai dat thuat toan:
Ham BST_Delete_Node_TRS <6 prototype:
int BST_Delete_Node_TRS(BST_Type &BS_Tree, T DelData);

Ham thyc hién viéc hiy nut cé thanh phan Key la DelData trén cay nhj phan tim
ki€m BS_Tree bing phuong phap chuyén cdy con phai ctia nat can hiy vé thanh
cay con phai cua cdy cé nut géc la nat phai nhat trong cay con trai cua nuat can
huy (néu nat can hdy cé hai cay con). Ham tra vé gia tri 1 néu viéc hdy thanh
c6ng (cé nut dé huy), trong trudng hgp ngudgce lai ham tra vé gia tri 0 (khéng tén
tai nit c6 Key la DelData hodc 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;

b
else // (DelNode->Key < DelData)

{ DelNode = DelNode->BST_Right;
OnTheleft = O;

b
} 2
if (DelNode == NULL) // Khéng <6 nat dé hay
return (0);
if (PrDelNode == NULL) // DelNode la nuat géc

{ if (DelNode->BST_Left == NULL && DelNode->BST_Right == NULL)
BS Tree = NULL;
else
if (DelNode->BST_Left == NULL) // DelNode c¢6 1 cay con phai
{ BS_Tree = BS_Tree->BST_Right;
DelNode->BST_Right = NULL;
}

else
if (DelNode->BST_Right == NULL) // DelNode cé 1 cdy con trai
{ BS_Tree = BS_Tree->BST_Left;
DelNode->BST_Left = NULL;
}

else // DelNode ¢6 hai cdy 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 nut trung gian

{ if (DelNode->BST_Left == NULL && DelNode->BST_Right == NULL)
if (OnThelLeft == 1)
PrDelNode->BST_Left = NULL;
else
PrDelNode->BST_Right = NULL;
else
if (DelNode->BST_Left == NULL) // DelNode c¢6 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 cé 1 cdy con trai
{ if (OnTheLeft == 1)
PrDelNode->BST_Left = DelNode->BST_Left;
else
PrDelNode->BST_Right = DelNode->BST_Left;
DelNode->BST_Left = NULL;
}

else // DelNode c6 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 (OnThelLeft == 1)

PrDelNode->BST_Left = DelNode->BST_Left;
else

PrDelNode->BST_Right = DelNode->BST_Left;
DelNode->BST_Left = NULL;

}
}
delete DelNode;
return (1);

}

- Thuat toan hay 1 nat trong cay nhi phan tim ki€m bing phuong phap hay phan t
th& mang la phan tlr trai nhat trong cay con phai clia nat can hiy (n€u nat can
huy cé6 da 02 cay con):

// Tim nat can huy va nat cha cua nat can hay
B1: DelNode = BSTree
B2: PrDelNode = NULL
B3: IF (DelNode = NULL)
Thyc hién Bkt
B4: IF (DelNode->Key = DelData)
Thyc hién B8
B5: IF (DelNode->Key > DelData) // Chuyén sang cay con trai
B5.1: PrDelNode = DelNode
B5.2: DelNode = DelNode->BST_Left
B5.3: OnThelLeft = 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: Thyc hién B7
B7: Lap lai B3

// Chuyén cac méi quan hé ctia 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: Thyc hién B11

// Néu DelNode c6 mét 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 nat géc

// Néu DelNode 14 nut 1a
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: Thuyc hién B11

// Néu DelNode c6 mét cay con phai
B9.2: If (DelNode->BST_Left = NULL) and (DelNode->BST_Right != NULL)
B9.2.1: if (OnThelLeft = True)
PrDelNode->BST_Left = DelNode->BST_Right
B9O.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 mét cay con trai
B9.3: If (DelNode->BST_Left |= NULL) and (DelNode->BST_Right = NULL)
B9.3.1: if (OnThelLeft = 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: Thuc hién B11

// Néu DelNode c6 hai cay con
B10: If (DelNode->BST_Left != NULL) and (DelNode->BST_Right != NULL)

// Tim nut trai nhat trong cady con phai cia DelNode va nat cha cda né
B10.1: MLNode = DelNode->BST_Right
B10.2: PrMLNode = DelNode
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B10.3: if (MLNode->BST_Left = NULL)
Thyc hién B10.7

B10.4: PrMLNode = MLNode

B10.5: MLNode = MLNode->BST_Left

B10.6: Lap lai B10.3

// Chép di liéu t MLNode vé DelNode
B10.7: DelNode->Key = MLNode->Key

// Chuyén cay con phai ctia MLNode vé cay con trai ciia PrMLNode

B10.8: if (PrMLNode = DelNode) // MLNode la nat phai cia PrMLNode
PrMLNode->BST_Right = MLNode->BST_Right

B10.9: else // MLNode la nut trdi cia PrMLNode
PrMLNode->BST_Left = MLNode->BST_Right

B10.10: MLNode->BST_Right = NULL

// Chuyén vai tro cia MLNode cho DelNode
B10.11: DelNode = MLNode
B10.12: Thyc hién B11

// Huy 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 thyc hién viéc huy nut cé thanh phan Key la DelData trén cay nhj phan tim
ki€m BS_Tree bdng phucng phap huy phan tt thé mang la phan ta trai nhat trong
cay con phai cua nat can hdy (néu nuat can hdy cé hai cay con). Ham tra vé gia
tri 1 néu viéc hiy thanh céng (cé nat dé huy), trong trudng hgp ngudc lai ham tra
vé gia tri 0 (khéng ton tai nat cé 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;

b
else // (DelNode->Key < DelData)

{ DelNode = DelNode->BST_Right;
OnTheleft = O;

}
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if (DelNode == NULL) // Khéng cé nut dé huy
return (0);
if (PrDelNode == NULL) // DelNode la nuat géc
{ if (DelNode->BST_Left == NULL && DelNode->BST_Right == NULL)
BS Tree = NULL;
else
if (DelNode->BST_Left == NULL) // DelNode c¢6 1 cay con phai
{ BS_Tree = BS_Tree->BST_Right;
DelNode->BST_Right = NULL;
)

else
if (DelNode->BST_Right == NULL) // DelNode cé 1 cay con trai
{ BS_Tree = BS_Tree->BST_Left;
DelNode->BST_Left = NULL;
}

b
else // DelNode la nut trung gian

{ if (DelNode->BST_Left == NULL && DelNode->BST_Right == NULL)
if (OnThelLeft == 1)
PrDelNode->BST_Left = NULL;
else
PrDelNode->BST_Right = NULL;
else
if (DelNode->BST_Left == NULL) // DelNode c¢6 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
if (DelNode->BST_Right == NULL) // DelNode cé 1 cay con trai
{ if (OnTheLeft == 1)
PrDelNode->BST_Left = DelNode->BST_Left;
else
PrDelNode->BST_Right = DelNode->BST_Left;
DelNode->BST_Left = NULL;

}

}
// DelNode ¢6 hai cdy 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;

b
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 1an thao tac hiy mét nuat trén cay nhij
phan tim kiém cho dén khi cay trd thanh réng.

Ham BST_Delete c6 prototype:
void BST_Delete(BST_Type &BS_Tree);
Ham thyc hién viéc hdy tat ca cac niat 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. C4y can bang (Balanced Tree)

5.3.1. pinh nghia - Cdu truc d& 1iéu

a. Dinh nghia:
- Cay can bang tuong déi:

Theo Adelson-Velskii va Landis dua ra dinh nghia vé cdy can bidng tuong déi nhu
sau:

Cay can bang tuong déi la mét cay nhj phan théa man diéu kién la déi véi moi
nut cua cay thi chiéu cao cuia cay con trai va chiéu cao cua cdy con phai cua nat
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 bing hoan toan la mét cay nhi phan thda man diéu kién la déi vSi moi
nut cda cay thi sé nat & cay con trai va sé nut & cady con phai cua nut dé hon kém
nhau khéng qua 1.

Nhu vy, mét cay can bang hoan toan chic chédn la mét cdy can bang tuong déi.
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b. Cdu triic dit li¢u ciia cdy can bdang:

D& ghi nhdn muc dé can bang tai mdi nut géc cay con ching ta st dung thém mét
thanh phan Bal trong c&u truc di liéu cua médi nut. Do vay, cdu truc di liéu cda cay
nhi phan tim ki€m can bang tuong déi va cay nhi phan tim ki€m can bang hoan toan
néi riéng va cua cay can bidng néi chung tuong ty nhu cdu tric dd liéu cua cay nhij
phan ngoai trit trong d6 chung ta dua thém thanh phan Bal lam chi s6 can béng tai
mdi nat nhu sau:

typedef struct BAL_Node
{ T Key;
int Bal; // Chi sé can bang tai nut géc cay con
BAL_Node * BAL_Left; // Ving lién két quan ly dia chi nut géc cay con trai
BAL_Node * BAL_Right; // Ving lién két quan ly dia chi nat g6c cay con phai
} BAL_OneNode;

typedef BAL_OneNode * BAL_Type;

D€ quan ly cac cay nhi phan tim kiém cén bang chiing ta chi can quan ly dia chi nut
gbéc cua cay:

BAL_Type BALTree;

Gia tri chi s6 can bang Bal tai mét nut géc cay con trong cay can bidng tucng déi
b&ng hiéu sé gitta chiéu cao cay con trai va chiéu cao cdy con phai cua nut dé.

Gia tri chi s6 can bang Bal tai mét nut géc cay con trong cay can bang hoan toan
b&ng hiéu sé gitta s6 nut & cay con trai va sé nut & cay con phai cua nut dé.

Nhu vay, né€u tai moi nut trong cay nhi phan ma thda man diéu kién -1 < Bal < 1 thi
cay la cay can bang va pham vi to -1 dén +1 la pham vi cho phép cua chi sé can
béng Bal:

+ Né&u Bal = 0: cay con trai va cay con phai déu nhau
+ N&u Bal = -1: cady con trai nhd hon (thdp hon) cay con phai (1éch phai)

+ N&u Bal = +1: cay con trai I6n hon (cao hon) cay con phai (léch trai)
5.3.2. Cdc thao tdc

Trong pham vi cda 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 ty van
dung tuong ty. Do vay, khi trinh bay cac thao tdc ma néi téi cady can bidng nghia la
cay nhj phan tim ki€m can bang va chung ta ciing chi xét cay nhi phan tim kiém
trong truéng hgp khéng tring khéa nhéan dién.

Trong cac thao tac trén cay nhi phan tim ki€ém can bang tuong déi thi ¢6 hai thao tac
Thém mét nat vao cady va Hay mdt nat khdi cay la hai thao tac kha phic tap vi cé
nguy <o pha v3 su can bing cua cay, khi dé chung ta phai thyc hién viéc can bing
lai cdy. Cac thao tac khac hoan toan tuong ty nhu trong cdy nhi phan néi chung va
cay nhi phan tim ki€ém néi riéng. Do vay, trong phan nay chung ta chi trinh bay hai
thao tac nay ma théi.

Trang: 19



Giao trinh: Cau Trac Dn"Liéu va Giai Thuat
a. Thém mot nGt vao cay can bang:

Gia st ching ta can thém mot nGt NewNode c¢é thanh phan dir liéu la NewData vao
trong cay can badng BALTree sao cho sau khi thém BALTree van 14 mot cay can
bang. De thuc hien diéu nay triréc het ching td tim kiem vi tri cGd nat can them I3
nat con trdi hoac nat con phai ctd mot nat PrNéwNodé tirong tv nhi trong cay nhi
phdn tim kiem. SA&0 khi them NéwNodé vao cay con trdi hoac cay con phai clud
PrNéwNOdé thi chi so can bang cua cac nut tr PrNéwNodeé tré ve cac nat triréc se bi
thay doi day chiyen va chlng ta phai lan ngitéc tir PrNéwNOdé ve theo cac nat trivde
de theo doi sit thdy doi ndy. Nel phat hien tdi m6t nat AncéstorNodé co suv thay doi
v{dt qua pham vi cho phep (bang -2 hoac +2) thi ching td tien hanh can bang lai
cay ngay tai nat AncéstorNodé nay.

Viec can bang lai cay tai nat AncéstorNodé dirdc tien hanh ci the theo cac triréng
hép nhir sad:

Treong hop 1: Ned AncéstdrNodé->Bal = -2:

Goi: AncL = AncéstdorNodé->BAL_LEéft
AncR = AncéstorNo6dé->BAL_Right

A AncL co chiel cdo 14 h vd AncR co chiel cdo 14 h+2 (h > 0)
A Co it nhat 1 cay con cla AncR co chiell cdo la h+1

Goi: AncRL = AncR->BAL_Left
AncRR = AncR->BAL_Right

A Cay con co nat goc AncéstdrNodé co the & vdo modt trong ba dang sau:
ai) AncRL c6 chiéu cao la h va AncRR c6 chiéu cao la h+1 (AncR->Bal = -1)

AncestorNode

Pe can bang lai AncéstdrNodé chung td thirc hien viec qudy dén cay con phdi AncR
cU& nat ndy len thanh nat goc; chiyen AncéstdrNodé thdnh nat con trdi cdad nit goc
vd AncéstdrNodé co hai cay con 14 AncL va AncRL (BAL_Right Rotation).
Cay con AncéstorNodé sdi khi qudy cay con phdi AncR se 1a mdt cay can bang.
Vi du: Viec them nat co Key = 50 vdo cay nhi phan tim kiem cadn bang sad day se
lam cho cay mat can bang va ching td phai can bang lai theo trirdng hép nay:
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Gido trinh: Cau Trdc Dn"Liéu va Giai Thuat

Dé thuc hién can bang lai bang phép quay don nay chung ta thuc hién cac buwdc sau:
B1: AncéstorNodé->BAL_Right = AncR->BAL_LEéEft

AncestorNode

B2: AncR->BAL_LEft = AncéstorNodé
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Giao trinh: Cau Trac Dn"Liéu va Giai Thuat
Viéc quay két thac, cay tré thanh cay can bang.

AncR

Chuyén vai tro cta AncR cho AncestorNodé: AncestorNodé = AncR
Két qua sau phép quay:
AncestorNode  AncR

Cay nhi phan tim kiém can bang sau khi thém nut co K&y = 50 nhu sau:
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Gido trinh: Cau Trdc Dn"Liéu va Giai Thuat

Thuc hién quay cay con phai cua BALTree, cay nhi phan tim kiém sau khi quay tré
thanh cay nhi phan tim kiém can bang nhuv sau:

bi) AncRL va AncRR déu c6 chiéu cao la h+1 (AncR->Bal =0)

AncestorNode

Viéc bang lai dudc thwc hién twdng tv nhw trwdng hdp ai) d trén:

B1l: AncestorNode->BAL_Right = AncR->BAL_Left
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Gido trinh: Cau Trdc Dn"Liéu va Giai Thuat

AncestorNode

Chuyén vai tro cua AncR cho AncestorNode: AncestorNode = AncR
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Giao trinh: Cau Truc Dn"Liéu va Giai Thuat
Két qua sau phép quay:

Ci) AncRL c6 chiéu cao la h+1 va AncRR cé chiéu cao la h (AncR->Bal = 1)
AncestorNodé

Dé cadn bang lai AncéstorNodé chung ta thwc hién viéc quay kép: quay cady con trai
AncRL va quay cdy con phai AncR (Doublé Rotation).

Vi du: Viéc thém nGt co K&y = 27 vao cdy nhi phan tim kiém can bang sau day sé
lam cho cdy mat can bdng va chung td phai can bang lai théo trudng hop nay:
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Giao trinh: Cau Truc Dn"Liéu va Giai Thuat
Viéc quay dwoc tién hanh cu thé nhu sau:

Goi: AncRLL = AncRL->BAL_LEft
AncRLR = AncRL->BAL_Right

N AncRLL va AncRLR co chiéu cao toi da la h
A Cay con co nlt goc AncéstorNodé co thé ¢ vao mot trong ba dang sau:
- AncRLL c6 chiéu cao la h va AncRLR cé chiéu cao la h-1 (AncRL->Bal =1; h > 1)

AncestorNode

Dé can bang lai AncéstorNodé dau tién chung ta thuc hién viéc quay doén cay con
trai AncRL cua AncR Ién thanh nut goc cay con phai cua AncéstorNodé, chuyén
AncR nut thanh nut goc cay con phai cua AncRL va chuyén AncRLR thanh nut goc
cay con trai cua AncR. Sau khi quay cay sé tr6 thanh:

AncestorNode
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Giao trinh: Cau Truc Dn"Liéu va Giai Thuat
Bay gio ching ta ti€p tuc thwc hién viéc quay don cdy con phai AncRL cua
AncestorNode Ién thanh nat goc vd chuyén AncRLL nlt thanh nGt géc cdy con phai
clia AncestdrNode. Sau khi qudy cdy se tro nén can bang:

AncRL

Nhy vay de thwc hién qua trinh quay kep ndy chlng ta thuc hién cac buwoc sad:
B1: Ancest6rNOde->BAL_Right = AncRL->BAL_Left

AncestorNode
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Gido trinh: Cau Trdc Dn"Liéu va Giai Thuat
B2: AncR->BAL_Left = AncRL->BAL_Right

AncestorNode
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Gido trinh: Cau Trdc Dn"Liéu va Giai Thuat
B4: AncRL->BAL_Right = AncR

AncestorNode

B7: AncR->Bal = -1
Chuyén vai tro cua AncRL cho AncestorNodé va chung ta cé cay can bang moi:

B8: AncestorNodé = AncRL
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Gido trinh: Cau Trdc Dn"Liéu va Giai Thuat

- AncRLL c6 chiéu cao la h-1 va AncRLR c¢6 chiéu cao la h (AncRL->Bal =-1; h > 1)

Dé can bang lai AncestorNode hoan toan giéng voi trudng hop trén, duy chi khéc
nhau vé gia tri chi s6 can bang sau khi quay kép. Chung ta cung thyc hién cac buéc
sau:

B1: AncestorN6dé->BAL_Right = AncRL->BAL_LEft
B2: AncR->BAL_LEft = AncRL->BAL_Right

B3: AncRL->BAL_LEft = AncéstorNodé

B4: AncRL->BAL_Right = AncR

B5: AncéstorNodé->Bal = 1

B6: AncR->Bal =0

B7: AncRL->Bal =0
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Gido trinh: Cau Trdc Dn"Liéu va Giai Thuat
- C& AncRLL ua AncRLR déu co chiéu cao la h (AncRL->Bal =0; h > 0)

Cling tuvong tw, ching ta can bang lai AncestdorNodé bang cach quay kép gidng nhu
trvong hop trén nhwng vé gia tri chi s6 can bang sau khi quay thi khac nhau. Cac
buroc thwc hién nhu sau:

B1: AncéstorNodé->BAL_Right = AncRL->BAL_Léft
B2: AncR->BAL_Léft = AncRL->BAL_Right

B3: AncRL->BAL_Léft = AncestorNodé

B4: AncRL->BAL_Right = AncR

B5: AncestérNodé->Bal = 0

B6: AncR->Bal =0

B7: AncRL->Bal =0

B8: AncestorNodé = AncRL
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Giao trinh: Cau Truc Dn"Liéu va Giai Thuat
Vidu:Thém nat c6 Key = 27 vao cay nhi phan tim kiém can bang sau day:

Cay nhi phan tim kiém can bang sau khi thém nat c6 Key = 27 nhu sau:

Thuc hién quay don cay con trdi cid BALTree->BAL_Right cdy nhi phan tim kiém
sau khi quay tro thanh cay nhi phan tim kiem nhuw sau:

Thyc hién quay don cdy con phai cua BALTree cdy nhi phan tim kiem sau khi quay
tro thdnh cay nhi phéan tim kiem can bang nhu sau:
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Gido trinh: Cau Trdc Dn"Liéu va Giai Thuat

Trwong hop 2: Néu AncestorNode->Bal = 2:

Cung twong ty nhu treong hop 1 song & day chung ta sé thuc hién quay don hoac
quay kép cac nhanh phia nguoc lai

Goi: AncL = AncestorNode->BAL _Left
AncR = AncestorNode->BAL_Right

A AncL co chieu cao la h+2 va AncR co chieu cao la h (h > 0)
A Co it nhat 1 cay con cua AncL co chieu cao la h+1

Goi: AncLL = AncL->BAL_Left
AncLR = AncL->BAL_Right

A Cay con co nUt goc AncestorNode co the & vao m6t trong ba dang sau:
a2) AncLL c6 chiéu cao la h+1 va AncLR c¢6 chiéu cao la h (AncL->Bal = 1)

AncestorNode

Pe can bang lai AncéstorNodé chung ta thwc hién viéc quay don cay con trai AncL
cua nut nay len thanh nut goc; chuyén AncéstorNodé thanh nut con phai cua nut goc
va AncéstorNodé co hai cay con la AncLR va AncR (BAL_Left Rotation).

Vi du: Viec them nut co Key = 10 vao cay nhi phan tim kiem can bang sau day se
lam cho cay mat can bang va chung ta phai can bang lai theo trudng hop nay:
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Gido trinh: Cau Trdc Dn"Liéu va Giai Thuat

Céc budc thyc hién viéc can bang lai bang phép quay nay nhv sau:

B1l: AncéstorNodé->BAL_Léft = AncL->BAL_Right
B2: AncL->BAL_Right = AncéstorNodé
B3: AncL->Bal = AncéstorNodé->Bal =0

Chuyén vai tro ctla AncL cho AncéstorNodé:
B4: AncéstorNodé = AncL

Két qua sau phép quay dén cay con trai:

AncL AncestorNode

Vidu: Thém nut co K&y = 10 vao cay nhi phan tim kiém can bang sau day:
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Giao trinh: Cau Truc Dn"Liéu va Giai Thuat
Cay nhi phan tim kiém can bang sau khi thém nat c6 Key = 10 nhv sau:

Thuc hién quay cay con trdi cla BALTree, cdy nhi phan tim kiém sau khi quay tré
thanh cay nhi phan tim kiém can bang nhuv sau:
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Giao trinh: Cau Truc Dn"Liéu va Giai Thuat
Viéc can bang lai AncestorNode ciing thuc hién thao tdc quay don nhu trén song chi
s6 can bang sé khac. Do vay, cac buoc thyc hién viéc quay nhu sau:

B1: AncestorNodé->BAL_Left = AncL->BAL_Right
B2: AncL->BAL_Right = AncéstdrNode

B3: AncL->Bal = -1

B4: Ancést6rNodé->Bal = 1

Chuyén vai tr6 cua AncL cho AncéstdérNode:
B5: AncéstorNode = AncL

Ket qua sau phep quay don cay con trai:

AncL  AncestorNodé

c2) AncLL co chiéu cao la h va AncLR co chiéu cao la h+1 (AncL->Bal = -1)

AncestorNodé

Cung twong tv nhv truong hop ci) Viéc can bang lai AncéstdrNode duoc thywc hién
théng qua phep quay kep: quay cay con phai AncLR va quay cay con trai AncL
(Double Rotatidn).
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Giao trinh: Cau Truc Dn"Liéu va Giai Thuat
Vi_du: Viéc thém nut c6 Key = 44 vao cay nhi phan tim kiém can bang sau day sé
lam ch6 cay mat can bang va chdng ta phai can bang lai theo trudng hbép nay:

AncLRR = AncLR->BAL_Right

A AncLRL va AncLRR cé chiéu cao toi da 1a h
A Cay con c¢6 nit géc AncestorNode cé thé & vao mat trong ba dang sau:

- AncLRL cé chiéu cao la h-1 va AncLRR c¢6 chiéu cao la h (AncRL->Bal =-1; h > 1)

AncestorNode

B3: AncLR->BAL_Right = AncestorNode
B4: AncLR->BAL_Left = AncL

Hiel chinh lai cac chi s0 can bang:
B5: AncestorNode”Bal =0
B6: AncLR->Bal =0
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Gido trinh: Cau Trdc Dn"Liéu va Giai Thuat
B7: AncL->Bal =1
Chuyén vai tro cua AncLR cho AncestorNodé va chung ta cé cay can bang moi:

B8: AncestorNodé = AncLR

- AncLRL c6 chigéu cao la h va AncLRR c6 chiéu cao la h-1 (AncRL->Bal =1; h > 1)

AncestorNode

Qua trinh quay kép dudc thuc hién thong cac bwdc sau:

B1: AncestorNodé->BAL_LEft = AncLR->BAL_Right
B2: AncL->BAL_Right = AncLR->BAL_Léft

B3: AncLR->BAL_Right = AncestorNodé

B4: AncLR->BAL_Léft = AncL

Hiéu chinh lai cac chi so can bang:

B5: AncéstorNodé~Bal = -1
B6: AncLR->Bal =0
B7: AncL->Bal =0

Chuyén vai tro cua AncLR cho AncestorNodé va chung ta co cay can bang méi:
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Giao trinh: Cau Truc Dn"Liéu va Giai Thuat
B8: AncestorNode = AncLR

- C& AncLRL va AncLRR déu c6 chiéu cao la h (AncRL->Bal =0; h > 0)

AncestorNode

B3: AncLR->BAL_Right = AncestorNode
B4: AncLR->BAL_Left = AncL

Hiéu chinh lai cac chi s can bang:

B5: AncéstérNode->Bal =0
B6: AncLR->Bal =0
B7: AncL->Béal =0

Chuyén vai tr6 ctia AncLR cho AncestorNodé va chung ta cd cay can bang moi:

B8: AncestorNodé = AncLR
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Gido trinh: Cau Trdc Dn"Liéu va Giai Thuat

Vidu: Thém nat c6 Key = 44 vao cay nhi phan tim kiém can bang sau day:

Cay nhi phan tim kiém can bang sau khi thém nat cé Key =44 nhu sau:

Thuc hién quady cay con phai clad BALTree->BAL_Left, cdy nhi phan tim kiém sau khi
quay tré thanh cay nhi phan tim kiem nhu sau:
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Gido trinh: Cau True D6"Liéu va Giai Thuat

Thuc hién quay cay con phai cua BALTree->BAL_Left, cay nhi phan tim kiém sau khi
quay tréd thanh cay nhi phan tim kiém nhu sau:

- Thuat toan dé quy dé thém 1 nGt vao cay nhi phan tim kiém can bang tvong doi
(AddNew):

/I Tao nGt méi co Key la NewData dé thém vao cdy NPTKCBTD
B1: NewNode = new BAL_OneNodé
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 rong
B6.1: BALTree = NewNode
B6.2: Taller = True // Cay NPTKCBTD bi cao len hén trudc khi them
B6.3: Thuc hien Bkt
B7: IF (BALTree->Key = NewData) // Trung khoa
Thuc hien Bkt
B8: IF (BALTree->Key < NewData)
// Them de quy vao cay con phai cta BALTree
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Gido trinh: Cau True Dn"Liéu va Giai Thuat
B8.1: AddNew(NewData, BALTree->BAL_Right, Taller)
B8.2: If (Taller = True) // Viéc thém vao lam cho cay con phai cao thém
/I Cay sé can bang tét hon
B8.2.1.1: BALTree->Bal = 0

B8.2.1: if (BALTree->Bal = 1)

B8.2.1.2: Taller = False
B8.2.1.3: Thuc hien Bkt
B8.2.2: if (BALTree->Bal = 0)

/I Cay van con-

B8.2.2.1: BALTree->Bal = -1

B8.2.2.2: Thuc hien Bkt
B8.2.3: if (BALTree->Bal = -1)

COMPLETED

// Cay mat can bang theo trwong hop 1, phai can bang lai
B8.2.3.1: AncR = BALTree->BAL_Right
B8.2.3.2: if (AncR->Bal 1) // Thuc hien quay don theo al), bl

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 /I Thuc hien quay kep theo cl)

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

CO M P LETED 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
B9: IF (BALTree->Key > NewData)

// Them de quy vao cay con trai cua BALTree
B9.1: AddNew(NewData, BALTree->BAL_Left, Taller)
B9.2: If (Taller = True) // Viec them vao lam cho cay con trai cao them

B9.2.1: if (BALTree->Bal =-1) // Cay se can bang tot hon
B9.2.1.1: BALTree->Bal =0

B9.2.1.2: Taller = False

B9.2.1.3: Thuc hien Bkt
B9.2.2: if (BALTree->Bal = 0)

B9.2.2.1: BALTree->Bal =1

B9.2.2.2: Thuc hien Bkt
B9.2.3: if (BALTree->Bal = 1)

/I Cay van con can bang
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Gido trinh: Cau Truc Dn"Liéu va Giai Thuat
/I Cay mét can bang theo treong hdp 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 a2), b2)
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 [l Thyc hién quay kep theo c2)
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: BALTréé->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
CO M P LETED B9.2.3.3.8: if (AncLR->Bal = 0)
AncL->Bal = BALTréé->Bal = 0
B9.2.3.3.9: BALTree = AncLR
B9.2.3.4: Tallér = False
Bkt: Két thuc

- Cai dat thuat toan:
Ham BAL_Add_Nodé co prototype:
BAL _Type BAL_Add _Nodé (BAL_Type &BTree, T NéwDAata, int &TaUér);

Ham thwc hién viéc thém vao cay nhi phan tim kiém can bang BTree mo6t nat cé
thanh phan Kéy la NéwData. Ham trd vé con tro tro toi dia chi cGa nat moi thém
néu viéc thém thanh cong, trong trwong hop ngwoc lai ham trd vé con tro NULL.
Trong treong hop viéc thém Iam cho cay phat trién chiéu cao thi Tanér co gia tri
& 1, nguoc lai Tanér co gia tri 14 0.
BAL_Typé BAL_Add Nodé (BAL_Typé &BTréé, T NéwDAata, int &Tanér)
{ if (BS_Tréé == NULL)
{ BTréé =néw BAL_OnéNodé;
if (BTréé 1= NULL) CO M PLETED
{ BTréé->Kéy = NéwDat3; . y

BTréé->Bal = 0;

BTréé->BAL_Léft = BTréé->BAL_Right = NULL;

Tallér = 1,

réturn (BTréé);
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Giao trinh: Cau True Dn"Liéu va Giai Thuat
if (BTree->Key == NewData)
{ Taller =0;
return (NULL);

if (}éTree->Key < NewData)
{ BAL_Add_Node (BTree->BAL_Right, NewData, Taller);
if (Taller == 1)
{ switch (BTree->Bal)
{ case 1: BTree->Bal =0;

Taller = Q;
case 0: g;'efelz;»Bal =-1; CO M P LETED
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 PLETED , BTree = AncRL:

Taller = 0;
break;
} /1 switch
Y/ if (Taller == 1)
} /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;

preak; COMPLETED

case 0: BTree->Bal = 1;
break;

case 1. BAL_Type AncL = BTree->BAL_Left;
if (AncL->Bal = -1)
{ BTree->BAL_Left = AncL->BAL_Right
AncL->BAL_Right = BTreeg;
if (AncL->Bal == 1)
BTree->Bal = AncL->Bal = 0;

else
AncL->Bal = -1;
BTree = AncL;
}
else

{ 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;

COMPLETED

}

else
if (AncLR->Bal == 1)
AncL->Bal = AncLR->Bal = 0;
else
AncL->Bal = BTree->Bal = 0;
BTree = AncLR;

Tal}l’er =0;
. break;
i it o = 1) COMPLETED
}// else: (BTree->Key > NewData)
return (BTree);

}
b. Hiy mdt nat ra khdi cay can bang:
Twong ty nhu trong thao tac them, gia st chung ta can huy mot nat DelNode co
thanh phan di liéu la DelData ra khoi cay can bang BALTree sao cho sau khi huy

BALTree van la mot cay can bang. Dé thuc hién diéu nay trvoc het chung ta phai
thwe hien viec tim kiem vi tri cua nut can huy la nut con trai hoac nut con phai cua
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mot nat PrDelNode twong ty nhw trong cdy nhi phan tim kiém. Viéc hly cling chia
lam ba treong hop nhu doi voi trong cay nhi phan tim kiém:

- DEINodé la nut la,
- DEINodé la nat trung gian co 01 cay con,
- DéINodé 14 nit co du 02 cay con.

Trong trvong hop DEINodé co du 02 cay con ching ta su diing phuong phap huay
phan tv thé mang vi theo phwong phap nay sé lam cho chiél cdo cUa cay it bién
dong hon phvong phéap kia.

Sau khi huy DewNode ra khoi cay con trdi hoac cay con phai cia PrNewNode thi chi
so can bang c0a cac nat tv PrDelNode tro vé cac nut trvoc clng sé€ bi thdy doi day
chiyén va ching ta phai lan nguoc tir PrDéINGdé vé théo cac nat trvoc dé théo doi
sy thay doi ndy. Néu phat hién tadi mot nit AncNodé co sy thay doi vugt qua pham vi
cho phép (bang -2 hoac +2) thi ching ta tién hanh can bang lai ciy ngay tai nat
AncNodé nay.

Viéc can bang lai cay tai nit AncNodé duoc ti€n hanh cl thé théo cac trwvong hop
twong tv nhv trong thao tac thém:

- Thuat toan dé quy dé huy 1 nat trong cay nhi phan tim kiém can bang twvong doi
(BAL_Delete_Node):
/I Tim nat cn hay va nat cha c0a ndt can hay
B1l: PrD&IN6dé = Nul1
B2: IF (BALTra = NULL)
B2.1: Shortér = Falsé CO M PLETED
B2.2: Thuc hién Bkt
B3: PrDEIN6dé = BALTréé
B4: IF (BALTréé->Kéy > DélData) // Chayén sang cay con trai
B4.1: OnThéLéft = Trué
B4.2: BAL_Délété_Nodé (BALTréé->BAL_Lé&ft, DélData, Shortér)
B5: IF (BALTréé->Kéy < DélDatd) // Chuyén sang cay con phai
B5.1: OnThéLéft = Falsé
B5.2: BAL_Délétd_Nodé (BALTréé->BAL_Right, D&IData, Shortér)
B6: If (Shortér = Tru€)
B6.1: if (OnThéLéft = Trau€)
B6.1.1: if (BALTréé->Bal = 1) // Cay can bang tot hon
B6.1.1.1: BALTréé->Bal =0
B6.1.1.2: Shortér = Falsé
/I Cay van bi thap nhwng van con can bang
B6.1.2: if (B A~rN-2al =0)
BALTréé->Bal = -1
B6.1.3: if (BALTréé->Bal =-1) // Cay mat can bang
B6.1.3.1: AncR = BALTréé->BAL_Right
B6.1.3.2: if (AncR->Bal ~ 1) // Thuyc hién quay don
B6.1.3.2.1: BALTréé->BAL_Right = AncR->BAL_Léft
B6.1.3.2.2: AncR->BAL_LEé&ft = BALTréé
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 /I Thyc hién quay kep
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 // (OnThelLeft = False)
B6.2.1: if (BALTree->Bal = -1) // Cay can bang tot hon
B6.2.1.1: BALTree->Bal =0
B6.2.1.2: Shorter = False

/I Cay van bi thdp 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) // Thuyc 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)
CO M PLETED 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 /I Thyc hien quay kep
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

/I Chuyén cac méi quan he cua DelNode cho cac nat khéc
B7: IF (PrDelNode = NULL) // Huy la nat goc

/I Néu nat can hay 14 nat 1a
B7.1: If (BALTree->BAL_Léft = NULL) and (BALTree->BAL_Right = NULL)
B7.1.1: BALTree = NULL

B7.1.2: delete BALTree CO M PLETED
B7.1.3: Thuc hién Bkt

// Nel nat can hay c¢6 m6t cady con phai

B7.2: If (BALTree->BAL_Left = NUIL) 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

/I NéU nat can hay c6 m6t cay con trai
B7.3: If (BALTree->BAL_Left I= 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 hien Bkt

B8: ELSE /I nGt can hay khéng phai la nat goc
/I NEU nat can hay la nat 1a
B8.1: If (BALTree->BAL_Left = NULL) and (BALTree->BAL_Right = NULL)
/I Nut c&n hay I& cdy con trdi cua PrDelNode
B8.1.1: if (OnThelLeft = Trae)
PrDelNode->BAL_Left = NULL
B8.1.2: else // Nt can huy 14 cdy con phéai cta PrDelNode
PrDelNode->BAL_Right = Nul1

B8.1.3: delete BALTree
B8.1.4: Thuc hien Bkt

/I NéU nat can hay c¢6 m6t cady con phai
B8.2: If (BALTree->BAL_Left = NUIL) and (BALTree- >BAL_Right = NULL)
B8.2.1: if (OnThelLeft = Trie)
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: Thuwc hien Bkt

/I NéU nat can hay c6 m6t cay con trai
B8.3: If (BALTree->BAL_Left I= NULL) and (BALTree- >BAL_Right = NULL)
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B8.3.1: if (OnThelLeft = 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 CO
MPLETED
/I Neu DelNode co hai cay con
B9: If (BALTree->BAL_Left '= NULL) and (BALTree->BAL_Right = NULL)

/I Tim nat trai nhat trong cay con phai cua nGt can huy va nlt cha cua no
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

// Chep du’lieu tv MLNode ve DelNode
B9.7: BALTree->Key = MLNode->Key

/I Chuyén cay con phai cla MLNode ve cay con trai cta PrMLNode

B9.8: if (-rMLNode = BALTree) // MLNode la nut phai cua PrMLNode
PrMLNode->BAL_Right = MLNode->BAL_Right

B9.9: else /I MLNode la nut trai cua PrMLNode
PrMLNode->BAL_Left = MLNode->BAL_Right

B9.10: MLNode->BAL_Right = NULL

// Chuyen vai tro cua MLNode cho nut can huy
B9.11: BALTree = MLNode
Bkt: Ket thuc

- Cai dat thuat toan:
Ham BAL_Del Node co prototype:

int BAL_Del_Node(BAL_Type &BALTree, T Data,
int &Shorter, BAL_Type &PrDNode, int &OnThelLeft);

Ham thwc hién viec huy nut co thanh phan Key la Data tren cay nhi phan tim
kiem can bang BALTree bang phuong phap huy phan tv the mang la phan ty phai
nhat trong cay con trai cua nut can huy (neu nut can huy co hai cay con). Ham
tra ve gia tri 1 neu viec huy thanh cong (co nut de huy), trong trwedng hop nguQc
lai ham tra ve gia tri 0 (khong ton tai nut co Key la Data hoac cay rong).

int BAL_Del_Node(BAL_Type &BALTree, T Data,
int &Shorter, BAL_Type &PrDNode, int &OnThelLeft)
{ if (BALTree != NULL)
{ Shorter =0;
PrDNode = NULL;
return (0)
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PrDNode = BALTree;
if (BALTree->Key > Data) // Hay nat & cay con trai
{ OnThelLeft = 1,
retdrn(BAL_Del_Node (BALTree->BAL_Left, Data, Shorter, PrDNode));

if (BALTree->Key < Data) /I HOy nat & cay con phai
{ OnThelLeft = 0;
retirn(BAL_Del_Node (BALTree->BAT_Right, Data, Shorter, PrDNode));

if (%horter == Trle)
{ if (OnThelLeft == 1)
{ if (BALTree->Bal == 1)  // Cay can bang t6t hén
{ BALTree->Bal =0;
Shorter = 0;

if (}éALTree—>Ba ==0) //Cay van bi thdp nhwng van cOn can bang
BALTree->Bal = -1;
if (BALTree->Bal == -1) // Cay mat can bang
{ BAL_Type AncR = BALTree->BAL_Right;
if (AncR->Bal !'= 1) // Thuc hién quay dén
{ BALTree->BAL_Right = AncR->BAL_Left;
AncR->BAL_Left = BALTree;
if (AncR->Bal == -1)
BALTree->Bal = AncR->Bal = 0;
else
AncR->Bal = 1;
BALTréé = AncR;

else // Thyc hién quay kep
{ 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;

if (,};\ncRL->BaI == -1)

AncR->Bal = AncRL->Bal = 0;
if (AncRL->Bal == 0)

AncR->Bal = BALTree->Bal = 0;
BALTréé = AncRL;

Shorter = 0;
}

}
else // (OnTheLeft = 0)
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{ if (BALTree->Bal == -1) // Cay can bang tot hon
{ BALTree->Bal = 0;

Shorter = 0 COMPLETED

/I Cay van bi thdp nhwng van con can bang
if (BALTree->Bal == 0)
BALTree->Bal = 1;
if (BALTree->Bal == 1) // Cay mét can bang
{ BAL_Type AncL = BALTree->BAL_Left;
if (AncL->Bal = -1) // Thyc hién quay don
{ BALTree->BAL_Left = AncL->BAL_Right;
AncL->BAL_Right = BALTree;
if (AncL->Bal == 1)
BALTree->Bal = AncL->Bal =0;
else
AncL->Bal = 1;
BALTree = AncL,;

else  // Thyc 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;

if (,}&ncLR—>BaI == 1)

AncL->Bal = AncLR->Bal =0;
if (AncLR->Bal == 0)

AncL->Bal = BALTree->Bal = 0;
BALTree = AncLR

}
Shorter = 0;

}

if (%rDNode == NULL) // huy nat g6c
{ if (BALTree->BAL_Left == NULL && BALTree- >BAL_Right == NULL)
BALTree = NULL;
else
if (BALTree->BST_Left == NULL) // nGt can hdy cé 1cay con phai
{BALTree = BALTree->BAL_Right;
BALTree->BAL_Right = NULL;

}

else
if (BALTree->BAL_Right == NULL) //n(t can hdy c¢6 1 cay con trai
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{ BALTree = BALTree->BAL_Left;
BALTree->BAL_Left = NULL;

}
}

else // nat can hdy la nat trung gian
{ if (BALTree->BAL_Left == NULL && BALTree->BAL_Right == NULL)
if (OnThelLeft == 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;

}

)
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;

b
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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. Trinh bay Khai niem, aac aiem va cau truc dit liéu cua cac loai cay? So sanh voi
danh sach lien Ket?

. Hay afra ra phi*éng phap aé chuyén tir cau truc di*r lieu cua mét cay N-phan noi
chung thanh mét cay nhi phan?

. Trinh bay thuét toan va cai aat tat ca cac thao tac tren cay nhi phan tim kiem, cay
nhi phan tim kiem can bang?

. Trinh bay thuat toan va cai aat tat ca cac thao tac tren cay nhi phan tim kiem, cay
nhi phan tim kiem can bang trong tri*éng hép chdp nhan su trung khoa nhan dién
clla cac nut trong cay?

. Trinh bay tat ca cac thuat toan va cai aat tat ca cac thuat toan aé thyc hién viéc huy
mot nut trén cay nhi phan tim Kiém néu cay co 02 cay con? Théo ban, thuat toan
nao la aén gian? Cho nhan xét vé moi thuat toan?

. Trinh bay va cai aat tat ca cac thuat toan aé thitrc hién cac thao tac trén cay nhi
phan tim kiém, cay nhi phan tim kiém can bang trong hai triténg hép: Chap nhan va
Khong chap nhan sit trung lap vé khoa cua cac nut bang cach Khong st dung thuat
tban aé quy (Tru’cac thao tac aa trinh bay trong tai liéu)?

. Trinh bay thuat toan va cai aat chlt¢ng trinh thirc hién cac cong viéc sau trén cay nhi
phan:

a) Tinh so nut la cua cay.

b) Tinh so nut trung gian cua cay.

¢) Tinh chiéu dai alréng ai t¢i moét nut co Khda la K trén cay.
d) Cho blet cap cua mét nut co Khoa la K trén cay.

. Trinh bay thuat téan va cai aat chi*éng trinh thirc hién cong viéc tao cay nhi phan
tim kiém ma khoa cua cac nut la khoa cua cac nut trong mot danh sach lién Ket aoi
sao cho toi (ru hoa bo nhé. Blet rang, danh sach lién Ket aoi ban aau khong can thlet
sau khi tao xong cay nhi phan tim kiém va gia si* khong cho phép sy trung khoa
gilra cac nut trong cay.

. VGi yéu cau trong bai tap 8 ¢ trén, trong tritdng hép né” danh sach lién ké! co nhleu
nut co thanh phan d{ liéu giong nhau, ban hay aé xua! phiréng an giai quyet aé
khong bi mat dit lleu sau khi tao xong cay nhi phan tim kiem.

10. Trinh bay thuat toan va cai aat chi*réng trinh thwc hién cong viéc chuyén cay nhi

phan tim kiem thanh danh sach lién kat aoi sao cho toi *fu hoa bo nh¢. Blet rang,
cay nhi phan tim kiem ban aau khong can thlet sau khi tao xong danh sach lién Ket
(ngwoc voi yeu cau trong bai tap 8).

11. Trinh bay thuat toan va cai aat chiréng trinh thuc hién cong viéc nhap hai cay nhi

phan tim kiem thanh mot cay nhi phan tim kiem duy nhat sao cho toi tru bo nhé. Blet
rang, hai cay nhi phan tim kiem ban aau khong can thlet sau khi tao xong cay méi.
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ON TAP (REVIEW)
Hé thoéng lai cac Cau trac dir liéu va cac Giai thu COM PLETED

Chuong 1: Tong quan vé Cau Truc Dix Liéu va Giai Thuat
1. Tdm quan trong cua Cau true di liéu va Giai thuat trong mot dé 4n tin hoc
1.1. Xay dwng CA4u tric dir liéu
1.2. Xay dung Giai thuat
1.3. Mdi quan hé gi*a Cdu tric di liéu va Giai thuéat
2. Danh gia C4u true di’liéu va Giai thuat
2.1. Céac tiéu chuan danh gia Cau true di liéu
- Thoi gian thirc hién
- Mc do tiéu ton b6 nho
- Tinh thirc té
2.2. Banh gia d6 phtc tap cua thuat toan
3. Kiéu di¥’liéu
3.1. Khai niém vé Kiéu di liéu
T =4V, O}
3.2. Cac kiéu dir liéu co so
- Nguyén
- Thitc
- Ky ti
3.3. Cac kiéu dir liéu c6 cau truc
- Mang
- Cau truc (struct)
3.4. Kiéu di liéu con tro
T * Pt
3.5. Kiéu di¥ liéu tap tin COM PLETED
FILE * Fp;
int Fh;

Churong 2: Ky thaat tim kié m
1. Khai quat vé tim kiém
2. Cac giai thuat tim kiém ndi (tim ki€ém trén day)
2.1. Tim tuyén tinh (Linéar Séarch)
Duyét tir dau dén cudi mang dé tim
2.2. Tim nhi phan (Binary Séarch)
Duyét tiing ntra cac phan tk, chi ap dung chd mang da cd tho ti.
3. Cac giai thuat tim kiém ngodi (tim kiém trén tap tin)
3.1. Tim tuyén tinh (Linéar Séarch)
Duyét tir dau dén cudi filé dé tim
3.2. Tim kiém théo chi muc (Indéx Séarch)
Duyét tir dau dén tap tin chi muc dé lay di liéu trong tap tin di liéu.

Chuwong 3: Ky thuat sp xép (Sorting)
1. Khai quét vé sép xép
2. Cac phwong phap sip xép ndi (sdp xép day)
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2.1. Sap xép bang phuong phap déi chd (Exchange)
- NG6i bot (Bubble Sort)
- Phan hoach (Quick Sort)
2.3. S&p xé&p bang phuong phéap chon (Selection)
Chon truc tiep (Straight Selection Sort)
2.4. Sap xep bang phuong phap chen (Insertion)
- Chen tryc tiep (Strdight Insertion Sort)
2.5. Sap xep bang phuong phap tron (Merge)
- Tron tryc tiep (Strdight Merge Sort)
- Tron ty nhien (Naturdl Merge Sort)
3. Cac phwong phap sap xép ngoai (sap xép tap tin)
3.1. Sap xep bang phuwong phép tron
- Tron truc tiep (Strdight Merge Sort)

- Tron tv nhien (N&turdl Merge Sort) CO
3.2. Sap xep theo chi muc M PLETED
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. Pinh nghia
3.2. Biéu dien v& Céc thdo tac

const int MéxLen = 10000; /1 hoAc: #define MaxLen 10000
int Length;
T CD_LIST[MéxLen];// hodc: T * CD_LIST =new T[MéxLen];
3.3. ou nhwoc diem va rng dung
4. Danh sach lién két (Linked List)
4.1. Binh nghTa
4.2. Danh sach lien ket don (Singly Linked List)

typedef struct SLL_Node
{ T Key;
SLL_Node * NextNode;
}SLL_OneNode;

typedef SLL_OneNode * SLL_Type;
4.3. D&nh sach lien ket kep (Doubly Linked List)

typedef struct DLL_Node
{ T Key;

DLL_Node * NextNode; COM PLETED

DLL_Node * PreNode;
} DLL_OneNode;

typedef DLL_OneNode * DLL_Type;
4.4. (u nhuoc diem cué danh sdch lien ket
5. Danh sach han ché
5.1. Héang doi (Queue)

typedef struct Q C
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{ int Len; // Chiéu dai hang doi

int Front, Rear;

T * List; // Noi dung hang doi
} C_QGEGE;

C_QGEGE CQ_List;
5.2. Ngan xép (Stack)

typedef struct S C
{ int Size; // Kich thwdc ngan xép
int SP;
T * List;// Noi 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. Binh nghTa
2.2. Biéu dién va Cac thao tac

typedef struct BinT_Néde
{ T Key;
BinT_Nbéde * BinT_Left;
BinT_Néde * BinT_Right;
} BinT_OneNode;

typedef BinT_OneNode * BinT_Type;
2.3. Cay nhi phan tim kiem (Binary Searching Tree)

typedef struct BST_Node
{ T Key;
BST_Node * BST_Left;
BST_Node * BST_Right;
} BST_OneNoéde;

typedef BST_OneNode * BST_Type;
3. Cay can bang (Balanced tree)
3.1. Binh nghTa

T 'COMPLETED

int Bal;

BAL_Node * BAL_Left;

BAL_Node * BAL_Right;
} BAL_OneNode;

typedef BAL_OneNode * BAL_Type;
3.2. Cac thao tac
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Cau hdi va Bai tap 6n tap téng hop

1.

Phan biét vé c4u truc dd liéu, y nghia va tac dung gita: danh sach lién két déi, danh
sach da lién két cé hai méi lién két va cay nhi phan?

. Hay st dung céau trac di liéu thich hgp dé luu trif cdc s8 nguyén cé dau cé gia tri

tuyét déi qua 16n trong bé nhd trong cua may tinh. V38i cdu truc di liéu nay, hay
trinh bay thuéat toan va cai dat chuong trinh thyc hién viéc cdng, tru, nhén, chia
nguyén, ldy du, so sanh cac s6 nguyén cé gia tri I6n nay.

. Hay st dung céau trac di liéu thich hgp dé luu trid dé dai dudng di gitta cac Thanh

phé véi nhau trong mét quéc gia vao trong bé nhé trong clia may tinh. V38i cdu tric
d liéu nay, hay trinh bay thuéat toan va cai dat chuong trinh thyc hién viéc liét ké tat
ca cac duong di t& Thanh phé A dén Thanh phé B? Budng di nao la dudng di ngdn
nhat?

. Cac van ban dudgc luu trit thanh ting dong trén cac file van ban, méi dong cé chiéu

dai khéng qua 127 ky ty. Hay dé xuat c4u trac di liéu thich hgp dé luu trii trong bé
nhd trong cua may tinh tan suat xuét hién cua cac tu trong tap tin van ban nay. Véi
cdu truc di liéu nay, hay trinh bay thuat toan va cai dat chuong trinh thyc hién viéc
théng ké xem cac tu trong file vdn ban xu&t hién vdi tan suat nhu thé nao? Cho biét
vdn ban cé bao nhiéu tu, bao nhiéu tén tu?

. Cac van ban dugc luu trit thanh ting dong trén cac file van ban, méi dong cé chiéu

dai khéng qua 127 ky ty. Hay dé xuat c4u trac di liéu thich hgp dé luu trii trong bé
nhé trong clia may tinh cac déng van ban trong tép tin van ban nay (cé thé bé nhé
khéng di dé luu toan bé néi dung tap tin van ban nay vao trong bé nhé trong cida
may tinh). V&i cdu tric di liéu nay, hay trinh bay thuat toan va cai dat chuong trinh
thuc hién viéc hién ndi tdp tin van ban nay theo ting trang man hinh sao cho ching
ta c6 thé st dung cac phim PgUp/PgDn dé lat lén/xuéng theo tiing trang man hinh va
st dung cac phim Up-arrow/Down-arrow dé cho tréi lén/xudng tiing déng van ban
trén man hinh? Cho biét van ban cé bao nhiéu déng?

. Hay st dung cau trac dit liéu thich hgp dé€ luu trif cdc ma tran thua (ma tran ma chi

Yéu gia tri cac phan td bang 0) trong bé nhd trong cia may tinh. V38i cdu tric di liéu
nay, hay trinh bay thuat toan va cai dat chuong trinh thyc hién viéc c¢éng, trd, nhan
hai ma tran thua v6i nhau, tao ma trén thua chuyén vi tf mét ma tran thua khac.

. Hay st dung c&u tric dit liéu thich hgp dé luu trid Gia pha ctiia mét déng ho nao dé

trong bdé nhd trong cda may tinh. V&i cdu trac di liéu nay, hay trinh bay thuéat toan
va cai dit chuong trinh thyc hién viéc kiém tra xem 02 ngudi cé tén la X va Y cé
phai l1a hai anh em ruét hay khéng? Néu khéng phai thi ai ¢ “vai v&” cao hon? Gia
st rang mdi cdp vg chéng c6 khéng qua 05 ngudi con.

. Hay st dung céau tric di liéu thich hgp dé luu trif mét hé thdng Menu cé nhiéu muc

chon, nhiéu cép trong bé nhdé 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 xuét hién trén man
hinh va cho phép ngudi st dung chon mét chic ndang nao dé ctia menu.

. K&t hgp cau trac du liéu & trong bai tap va 4, 5 va 8. Hay trinh bay thuat toan va cai

dat chuong trinh thyc hién céc chiic ndng cia mét phan mém soan thao van ban
don gian?

Trang: 227



Gido trints: Chw Trie Dic Litw va Gidi Thudt

10. Hay s dung céu trac di liéu thich hgp dé luu trit cac t cia mét tir dién vao trong
tap tin c6 tén DICT.DAT. Théng tin gidi nghia vé mét t& bao gom: Tén tu, Loai tu
(Danh ti, dong tu, tinh ti, ...), nghia tiéng Viét.

a) St dung tap tin chi muc dé€ liét ké céac tu theo thd tu Alphabet (A -> Z).

b) Hay dé xu&t c4u tric di liéu thich hgp dé€ luu trit trong bé nhé trong cia may tinh
théng tin gidi nghia ctia cac tu trong tap tin DICT.DAT nay (cé thé bé nhé khéng
dd dé luu toan bé néi dung tap tin DICT.DAT nay vao trong bé nhé trong ctia may
tinh). V&i cdu trdac di liéu nay, hay trinh bay thuat toan va cai dat chuong trinh
thuc hién viéc tra nghia cho mét tu. Ngoai ra, ta <6 thé si dung cac phim
PgUp/PgDn dé€ lat lén/xudng theo tiing trang (do minh quy dinh) man hinh va s
dung céc phim Up-arrow/Down-arrow dé cho tréi lén/xuéng tiing tu trén man
hinh? St dung c&u trac di liéu thich hgp dé luu trit trong bé nhé trong cac tu da
dugc tra nghia.

11. Ngudi ta luu trid cdc hé s6 cia mét da thic bac n thanh cac dong van ban trong file
DATHUC.DAT theo nguyén tic: Mbi dong la hé s6 va s6 ma cua 1 da thdc va cac hé
s6 va s6 mi nay cach nhau it nhat la mét khoang trang.

Hay st dung céau trac dif liéu thich hgp dé luu trd mét da thic vao trong bé nhé
trong cda may tinh. V&i cdu tric di liéu nay, hay trinh bay thuat toan va cai dat
chuong trinh thuc hién cac céng viéc sau:

- Xuat cac da thic trong file DATHUC.DAT ra man hinh;
- Tinh da thic t8ng, da thic hiéu cliia cac da thic nay;
- Tinh da thdc tich clda cac da thic nay.

12. M6t hinh vuéng cé dé dai canh la a dugc t6 02 mau: trdng va den. Ngudi ta tién
hanh chia hinh vuéng nay thanh 04 hinh vuéng con déu nhau va ghi nhan vi tri cua
chung trong hinh vuéng I6n. Néu trong méi hinh vuéng con chi gém toan mau trang
hodc mau den thi git nguyén, cén néu trong hinh vuéng con con cé 02 mau thi tiép
tuc chia hinh vuéng con nay thanh 04 hinh vuéng con nhd hon va ghi nhén vij tri, ...,
cl nhu vady sau mét s hitu han phép chia s& két thic viéc chia. Hay st dung cau
trac dit liéu thich hgp dé luu trif cac hinh vudng nay vao trong bé nhé trong ctia may
tinh. Véi cdu trac di liéu lya chon, hay trinh bay thuat toadn va cai dit chuong trinh
thuc hién cac céng viéc sau:

- Tinh téng sé hinh vuéng tao thanh qua céc lan chia.

- Tinh téng sé hinh vuéng mau trdng, mau den va téng dién tich tuong tng cua
chung.

- Tai tao lai hinh vuéng ban dau.

13. Dinh nghia c&u tric di liéu thich hgp dé€ luu trif cac gia tri trong tam giac Pascal
vao trong bé nhé trong cia may tinh. Véi cau triac d@ liéu nay hay trinh bay thuat
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 thtic (a+b)" ra man hinh.

14. Trinh bay thuét toan va viét chuong trinh thyc hién céng viéc minh hoa (Demo) qua
trinh thyc hién tdt ca cac thuat toan da hoc.
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IV. HUONG DAN s DUNG TAI LIEU THAM KHAO

1. Cdu trac dd' liéu
Té&c gia: Nguyén Trung Truc
Khoa CNtT, treong dHo K TP.HCM
2. Gido trinh Cau trac dir liéu 1
Tac gi&: Trdn Hanh Nhi - Duwong Anh Blc
Khoda CNTT, truong PHKHTN - BHQG 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.llIméan
NXB: Addison-Wesley Publishing Company
5. Algorithms (Second Edition)
Tac gi4: Robert Sedgewick
NXB: Addison-Wesley Publishing Company
6. Data Structures and Program Design (Third Edition)
Tac gid: Robert L.Kruse
NXB: Prentice Hall
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