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LOI NOI PAU
Pé dap tmg nhu cau hoc tip cta cac ban sinh vién, nhét 1a sinh vién chuyén nganh
cong ngh¢ thong tin, Khoa Cong Nghé Thong Tin Truong Pai Hoc Da Lat ching t61 da
tién hanh bién soan cac gido trinh, bai giang chinh trong chuong trinh hoc

Gi4o trinh nay dugc soan theo dé cuong chi tiét mén Cu Tric Dir Liéu Va Thuét Giai
2 cua Khoa Cong nghé Thong tin, truong Pai hoc Da Lat. Muc tiéu cua gido trinh nham
giup cac ban sinh vién chuyén nganh c6 mot tai li€u ¢c6 dong dung lam tai li€u hoc tap.

Noi dung gio trinh gdm 4 chuong sau:

Chuwong 1: trinh bay ciu tric dir lidu cay, trong d6 nhdn manh vé ciu trac dir lidu cay
nhi phan tim kiém BST va cay nhi phan tim kiém can bang AVL cung cac phép toan trén
no.

Chuong 2: trinh bay vé d6 thi, cac cdu trac dit liéu dung biéu dién do thi va mot sb bai
toan trén do thi.

Chuong 3: trinh bay cdu trac dir liéu bang bam, cdc ham bam, cach to dir liéu trén
bang bam nham phuc vu cho bai toan tim kiém dugc hi¢u qua.

Chuong 4: gioi thiéu vé mot s6 phuong phap thiét ké giai thuat co ban gitp sinh vién
bude dau lam quen véi mot sd phuong phép thiét ké giai thuat.

Mic du da rat ¢6 gang nhiéu trong qué trinh bién soan gido trinh, xong khong khoi con
nhi¢u thi€u so6t va han ché. Rat mong nhan dugc sy dong gop y kién quy bau cua sinh
vién va cac ban doc dé gido trinh ngay mdt hoan thién hon.

Da Lat, ngay 30 thang 08 nam 2010
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Chuong 1
Cay
Muc tiéu
Sau khi hoc xong chuong nay, sinh vién phai:
- Nim viing khai niém vé cay (trees).
- Cai dat dugc cay va thuc hién cac phép toan trén cay.
Kién thirc co ban can thiét

Dé hoc tot chuong nay, sinh vién phai ndm vimg k¥ nang 1ap trinh cin ban nhu:

Kiéu con tré (pointer)

Céc cau trac di€u khién, Iénh vong lap.

Lap trinh theo tung module (chuong trinh con) va cach goi chuong trinh con
do.
Lap trinh d¢ qui va goi dé qui.

- Kiéu dit liéu triru twgng danh sach
Noi dung
Trong chuwong nay ching ta s& nghién ciru cac van dé sau:

- Cac thuat ngir co ban.

Kiéu dit liéu triru twong Cay

Cay nhi phan
Cay tim kiém nhj phan

Cay nhj phan tim kiém cén bang AVL

I. Cac thuat ngir co ban trén cay

Cay 1a mét tap hop cac phan tir goi 1 nut (nodes) trong d6 c6 mot nut dugc phéan biét
got la nut goc (root). Trén tap hop cac nit nay c6 mot quan he, goi la moi quan h¢ cha
- con (parenthood), dé xéac dinh hé thong cau tric trén cac nat. Mdi nat, trir nht goc, co
duy nhit mot nut cha. Mot nut c6 thé c6 nhiéu nat con hodc khéng c6 nat con nio.
MGoi nut biéu dién mot phan tir trong tap hop dang xét va n6 c6 thé co6 mot kiéu nao do
bat ky, thuong ta biéu dién nat bﬁng mot ki tw, mot chudi hodc mot sb ghi trong vong
tron. Mbi quan hé cha con duogc biéu dién theo qui ude nit cha & dong trén nut con &
dong dudi va duoc ndi boi mot doan thang. Mot cach hinh thire ta ¢ thé dinh nghia
cay mot cach d€ qui nhu sau:

1. Dinh nghia
- Mot nat don doc 1a mot cay. Nut nay ciing chinh 1a nat gbe cua cay.
- Gia sur ta ¢6 n la mot nat don doc va k cay T,.., Ty voi cac nat gbc tuong tmg 1a

ny,.., 0 thi 6 thé xdy dung moét cdy méi bang cach cho nat n 1a cha ciia cac nut
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ny,.., Ny. Cay maoi ndy ¢ nut goc la nut n va céc cay Tl, ., Tx dugc goi 1a cac cay
con. Tap rong cling dugc coi la mdt cay va goi la cay rong ki hicu.

Vi du: xét muc luc cua mot quyen sach. Muc luc nay c6 thé xem 1a mot cay

Hinh I.1: Cay muc lyc sach

Nut gdc 1a séch, nd c6 ba cdy con c6 goc la C1, C2, C3. Cay con thir 3 ¢6 gbe C3 1a
mot nut don ddc trong khi do hai cay con kia (goc C1 va C2) c6 céc ntt con.

Néu nl,.., nk1a mgt chudi cac nut trén cay sao cho nila nat cha cua nat ni*!, véi i=1..k-

1, thi chudi nay goi 1a mot duong di trén cay (hay ngan gon 1a dudng di) tir n! dén nk.
Do dai duong di dugc dinh nghia bang sO nut trén duong di tror 1. Nhu vay do dai
duong di tir mot nit dén chinh né bang khong.

Néu c6 duong di tir niit a dén nat b thi ta néi a 1a tién bdi (ancestor) ctia b, con b goi 1a
hau dué (descendant) ciia niit a. RS rang mdt nat vira 1a tién bdi vira 1a hau dué cia
chinh né. Tién bdi hodc hau dué ciia mot nit khac voi chinh no goi la tién bdi hodc
hau dué thuc sy. Trén cdy nat géc khong c6 tién bdi thuc su. Mot nat khong co hau
du¢ thuc su goi la nut 1a (leaf). Nut khong phai 1a 14 ta con goi 1a nut trung gian
(interior). Cay con ctia mot cay 1a mot nut cuing voi tat ca cac hau dué cia no.

Chiéu cao clia mot nut 1a do dai dudng di 16n nhat tir nit d6 t6i 14. Chiéu cao ciia ciy
1a chiéu cao cua nut gbc. Do sdu cia mot nut 1a do6 dai duong di tir nut gbe dén nat do.
Céc nit c6 cung mot do sau 1 ta goi la cac nat c6 cung mot murc 1. Theo dinh nghia nay
thi nit géc & mirc 0, cac nit con clia nit goc & mirc 1.

Vi du: d6i véi cdy trong hinh I.1 ta ¢6 nat C2 c6 chiéu cao 2. Cay c6 chiéu cao 3. nut
C3 c6 chiéu cao 0. Nut 2.1 ¢6 do sau 2. Cac nut C1,C2,C3 cung muc 1.

. Thwr tw cac nit trong cay

Néu ta phan biét thtr ty cac nat con cua cung mot nat thi cay goi 1a cay co tha tu, thir
tu qui udc tu trai sang phai. Nhu vay, néu ké thur tu thi hai cay sau la hai cay khac
nhau:

© @

Hinh 1.2: Cay c6 thtr tu khac nhau



Trong truong hop ta khong phan biét rd rang thir tu cac nut thi ta goi la cay khong co
thtr ty. Cac nit con cung mot nut cha goi la cac nut anh em rudt (siblings). Quan hé
"trai sang phai" cua cac anh em rudt c6 thé mo rong cho hai nat bt ky theo qui tic:
néu a, b 1a hai anh em rudt va a bén trai b thi cac hau dué cua a la "bén trai" moi hau
dué cua b.
3. Cac thir ty duyét cay quan trong
Duyét cay 1a mot qui tiac cho phép di qua lan luot tit ca cac nut ctia cdy mdi niit ding
mot lan, danh sach li¢t ké cac nat (t€n nit hodc gia tri chira bén trong nit) theo thu tu
di qua goi 1a danh sach duyét cay. Co ba cach duyét cay quan trong: Duyét tién tu
(preorder), duy¢t trung tu (inorder), duyét hau tu (posorder).
- Cay rong thi danh sach duyét cay 1a rong va né dugc coi la biéu thuc duyét tién
tu, trung tu, hau tu cua cay.
- Cay chi c6 mot nut thi danh sach duyét cay gom chi mét nat d6 va né duoc coi
1a bi€u thirc duyét tién ty, trung tu, hau ty cua cay.
- Nguoc lai: gid st cay T c6 nit géc lan va co céc cay con la T1,..,Tn thi:
e Biéu thirc duyét tién tu cua cay T 1a liét ké nat n ké tiép 13 biéu thire duyét
tién ty cua cac cay T1, T2, .., Tn theo thi tu do.

e Biéu thuc duyét trung tu cia cay T la biéu thirc duyét trung tu cua cay T1
ké tiép 1a nat n rdi dén biéu thic duyét trung tu cua cac cdy T2,.., Tn theo
tha tu do.

e Biéu thirc duyét hau tu cua cdy T la biéu thirc duyét hau tu cua cac cay T1,
T2,.., Tn theo thur tu do ro1 dén nut n.

Vi du: cho cay nhu trong hinh 1.3
A

P

K L

E F
Hinh 1.3: cay nhi phan
Biéu thc duyét  tiéntw: ABCDEFHKL
trungtt: CBEDFAKHL
hauts: CEFDBKLHA
4. CAy c6 nhin va cy biéu thirc
Ta thuong luu trit két hop mot nhan (label) hodc con goi 1a mot gia tri (value) voi mot
nat cua cay. Nhu vdy nhan cua mgt nat khong phai 1a tén nit ma 1a gia tri dugce luu
gilr tai nat d6. Nhan ctia mot nat déi khi con dugce goi 1a khoa cua nut, tuy nhién hai

khai niém nay la khong ddng nhat. Nhan 1a gia tri hay noi dung luu trir tai nat, con
khod ctia niit c6 thé chi 1a mot phan cua ndi dung luu trir nay. Chang han, mdi nit cay
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chira mét record vé thong tin cua sinh vién (ma SV, ho tén, ngay sinh, dia chi,...) thi
khod c6 thé 1a ma SV hoac ho tén hoac ngay sinh tuy theo gia tri nao ta dang quan tam
dén trong giai thuat.

Vi du:

Vi du:

Cay biéu dién biéu thuc (at+b)*(a-c) nhu trong hinh 1.4.

Hinh L.4: Cay biéu dién tht tu (a+b)*(a-c)
O day n,n,..n la cac tén nut va *,+,-,a,b,c 1a cac nhan.
Qui tic biéu dién mot biéu thirc toan hoc trén cdy nhu sau:
e MGJi nit 14 ¢6 nhin biéu dién cho mot toan hang.

e MOi nut trung gian bi€u dien mdt toan tu.

N\

Hinh L.5: Cay biéu dién biéu thirc E; 6 E,

Gia str nat n biéu dién cho mdt toan ti hai ngo1 0 ( ch:flng han + hodc * ), nut
con bén trai biéu dién cho biéu thirc E1, niit con bén phai biéu dién cho biéu
thirc E2 thi nat n biéu dién biéu thirc E10 E2, xem hinh 1.5. Néu 0 1a phép toan
mot ngdi thi niit chtra phép toan 0 chi c6 mot nat con, nit con nay biéu dién cho
toan hang cua 0.

Khi chiing ta duyét mot cay biéu dién mot biéu thirc toan hoc va liét ké nhin
cua cac nut theo thar ty duyét thi ta co:

e Biéu thirc dang tién t6 (prefix) trong tmg véi phép duyét tién ty cua ciy.

e Biéu thirc dang trung té (infix) trong tng véi phép duyét trung ty cua cdy.
e Biéu thirc dang hau t6 (posfix) twong tmg voi phép duyét hiu tu cua cay.
d6i voi cay trong hinh 1.4 ta co:

- Biéu thtc tién t6: *+ab-ac

- Biéu thtrc trung t6: at+b*a-c

- Biéu thirc hau td: ab+ac-*



Chuy
- Céc biéu thtrc nay khong c6 ddu ngoic.

- Céc phép toan trong biéu thirc toan hoc c6 thé c6 tinh giao hoan nhung khi ta
biéu dién biéu thirc trén cay thi phai tuan thu theo biéu thic di cho. Vi du biéu
thirc a+b, voi a,b 1a hai s6 nguyén thi rd rang a+b=b+a nhung hai cay biéu dién
cho hai biéu thirc nay 1a khac nhau (vi cay c6 thir ty).

+ +
SN N
d b b a
Hinh I.6: Cay biéu dién biéu thirc a+b va b+a
- Chi c6 cay ¢ phia bén trai cua hinh 1.6 méi dung la cay biéu dién cho biéu thirc
a+b theo qui tac trén.
- Néu ta gip mot diy cac phép toan co cung do wu tién thi ta s& két hop tir trai
sang phai. Vi du atb+c-d = ((a+b)+c)-d.
I1. Cay nhi phan (Binary Trees)
1. Dinh nghia

Cay nhi phan 1a cay rong hodc 13 cdy ma mdi nat c6 t6i da hai nut con. Hon nita cac
nut con cua cay dugc phan biét thir tu rd rang, mot nlit con goi la nlt con trai va mot
nut con goi la nut con phai. Ta qui udc vé nt con trai bén trai nut cha va nut con phai
bén phai nut cha, mdi nit con duge ndi véi nat cha cia nd béi mot doan théng. Vi du
cac cay trong hinh 1.7.

1 1

/2< >2\

3 4 3 4

\5 /

af bt

Hinh 1.7: Hai cdy c6 thr tr gidng nhau nhung 13 hai cdy nhj phan khac nhau

Chu ¥ ring, trong cdy nhi phan, mot nut con chi c6 thé 13 nut con trai hodc nut con
phai, nén c6 nhimng cdy c6 thr tu gibng nhau nhung 13 hai cay nhi phan khac nhau. Vi
du hinh 1.7 cho thay hai cdy c6 tht ty gidng nhau nhung 1a hai cdy nhi phan khac
nhau. Nut 2 1a nit con trai cia cdy a/ nhung n6 1a con phai trong cay b/. Tuong tu nit
5 1a con phai trong cdy a/ nhung no 1a con trai trong cay b/.



2. Vai tinh chit ciia cAy nhi phan

Goi h va n lan luot 1a chi€u cao va s6 phan tu ctia cdy nhi phan. Ta c6 cac tinh chat
sau:

-S4 nat & mic i<=2"". Do d6 s6 nut t6i da cua né 1a 2"
- S nut t6i da trong cay nhi phan 1a 2"-1, hay n<=2"-1. Do d6 chiéu cao cua
no: n>=h>=log,(n+1)
3. Biéu dién cdy nhi phan

Ta chon céu trac dong dé bi€u dieén cay nhi phan:

LChild RChild

T | Data | — T

Trong d6: Lchild, Rehild 1an luot 14 cac con tré chi dén niit con bén trai va nit con bén
phai. N6 s€ bang rong néu khong c6 nit con.

Nut 14 c6 dang

LChild RChild

e| Data|e

4. Duyét cay nhi phan

Ta c6 thé ap dung cac phép duyét cay téng quat dé duyét cay nhi phan. Tuy nhién vi
cay nhi phan Ia cau trac céy dac biét nén cac phép duyét cay nhi phan ciing don gian
hon. C6 ba cach duyét cay nhi phan thuong dung (xem két hgp véi hinh 1.8):

- Duyét tién ty (Node-Left-Right): duyét nat gdc, duyét tién tu con trai rdi
duyét tién tu con phai.

- Duyét trung tu (Left-Node-Right): duyét trung tw con trai rdi dén nut gdc
sau d6 la duy¢t trung tu con phai.

- Duyét hau tu (Left-Right-Node): duyét hau tu con trai roi duyét hau tu con
phai sau do la ntt goc.

™

Hinhl.8
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Chuy rang danh sach duyét tién ty, hau ti cia cay nhi phén trung voi danh sach duyét
tién tu, hau tu cua cay do khi ta ap dung phép duyét cay tong quat. Nhung danh sach
duyét trung tu thi khac nhau.

Vidu
A
/ N\
/ ’ \ / ¢ N
AN AVANER
H I K L M
Hinh 1.9
| Céc danh sach duyét cay nhi phan | Cac danh sach duyét cdy tong quat
Tién tu: | ABDHIEJCFKLGM ABDHIEJCFKLGM
Trung HDIBJEAKFLCGM HDIBJEAKFLCMG
tu:
Hau tu: | HIDJEBKLFMGCA HIDJEBKLFMGCA

5. Cai dat cay nhj phan
Tuong tu cay tong quat, ta cling co thé cai dit cdy nhi phan bang con tré bang cach

thlet ke moi nut ¢é hai con tro, mot con tro tré nut con trai, mot con tro tré nut con
phai, truong Data s€ chira nhan cia nut.

typedef ... TData;
typedef struct Tnode
{
TData Data,
TNode* left,right,
},.
typedef TNode* TTree;

V6i cach khai bao nhu trén ta c6 thé thiét ké cac phép toan co ban trén cay nhi phan
nhu sau :

Tao ciy rong

Cay rong la mot cay 1a khong chira mot nit nao ca. Nhu vay khi tao cAy rong ta chi
can cho cay tro toi gia tri NULL.

void MakeNullTree(TTree *T)
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(*T)=NULL,
/
Kiém tra ciy rong
int EmptyTree(TTree T)

{
return T==NULL;,

}
Xac dinh con trai cia mgt nut
TTree LeftChild(TTree n)
{
if (n!=NULL) return n->left;
else return NULL,
/
Xac dinh con phai cia m¢t nut
TTree RightChild(TTree n)
{
if (n!=NULL) return n->right;
else return NULL,
/
Kiém tra nit 14:

Neéu nuat 1a nit 14 thi n6 khong c6 bat ky mdt con nao ca nén khi dé con trai va con
phai ctiia n6 cung bang NULL

int IsLeaf(TTree n)

{
if(n!/=NULL)

return(LeftChild(n)==NULL)& & (RightChild(n)==NULL),

else return NULL,

/

Xac dinh s nat cia cay

int nb_nodes(TTree T)

{

12



if(EmptyTree(T)) return 0;
else return 1+nb_nodes(LeftChild(T))+ nb nodes(RightChild(T)),
/
Cic thii tuc duyét ciy: tién tw, trung tw, hiu tu
Thi tuc duyét tién tu
void PreOrder(TTree T)
{
cout<<T->Data;
if (LeftChild(T)!=NULL) PreOrder(LeftChild(T)),
if (RightChild(T)!=NULL)PreOrder(RightChild(T));
/
Thu tuc duyé¢t trung tu
void InOrder(TTree T)
{
if (LeftChild(T)=!NULL)InOrder(LeftChild(T)),
cout<<T->data,
if (RightChild(T)!=NULL) InOrder(RightChild(T)),
}
Thu tuc duy¢t hau tu
void PosOrder(TTree T)

{
if (LeftChild(T)!=NULL) PosOrder(LeftChild(T)),
if (RightChild(T)!=NULL)PosOrder(RightChild(T)),
cout<<T->data,

}

IV. Cy tim kiém nhi phan (Binary Search Trees)

1. Dinh nghia
Cay tim kiém nhi phan (TKNP) 13 cay nhi phan ma khoa tai mdi nat cdy 16n hon khoa
cua tat ca cac nut thudc cay con bén trai va nho hon khoa cua tat ca cac nat thuoc cay
con bén phai.
Luu ¥: dit lidu luu trir tai mdi nat c6 thé rat phuc tap nhu 1a mot record chang han,
trong truong hgp nay khod cua nat dugce tinh dya trén mot truong nao do, ta goi la
truong khod. Truong khod phai chira cac gia tri ¢6 thé so sdnh dugc, tuc 1a nd phai lay
gia tri tr moQt tap hop co thi tu.
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Vi du: hinh 1.10 minh hoa mdt cdy TKNP c6 khoa 1a sb nguyén (voi quan hé thu ty

trong tap s6 nguyén).
5 /1? \
15 30

Hinh 1.10: Vi du cay tim kiém nhi phan
Qui wéc: Ciing nhu tit ca cac cdu trac khac, ta coi cdy rong la cay TKNP
Nhan xét:
- Trén cay TKNP khong c6 hai nut cung khoa.
- Cay con ciia mot cay TKNP Ia cay TKNP.

- Khi duyét trung tu (InOrder) cdy TKNP ta dugc mot diy co thir ty ting. Chang
han duyét trung tu cay trén ta c6 day: 5, 10, 15, 17, 20, 22, 30, 35, 42.
2. Cai dit ciy tim kiém nhi phén

Cay TKNP, trudc hét, 12 mot cay nhi phan. Do do ta co thé ap dung céc cach cai dat
nhu da trinh bay trong phan céy nhi phan. S€ khong c6 su khac biét nao trong viée cai
dat cau trac dir 1iéu cho cay TKNP so véi cay nhi phan, nhu:ng tat nhién, s€ co su khac
biét trong céc gidi thuat thao tac trén cdy TKNP nhu tim kiém, thém hodc xoa mot nut
trén cdy TKNP dé luon dam bao tinh chat cua cay TKNP.

Mot cach cai dat cay TKNP thuong gap la cai dat bang con tro. Mdi nut cia ciy nhu 1a
mot mau tin (record) co ba truong: mot truong chira khoa, hai truong kia la hai con tro
tré dén hai nat con (néu nut con vang mit ta gan con tré bang NULL)

Khai bao nhu sau
typedef <kiéu dir liéu ciia khod> KeyType;
typedef struct BSNode
{
KeyType Key,
BSNode* Left,Right;
/
typedef BSNode* BSTree,
Khéi tao cAdy TKNP rong
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Ta cho con tré quan Iy nit gbc (Root) ctia cdy bang NULL.
void MakeNullTree(BSTree &Root)

{

Root=NULL;

/

Tim kiém médt nit c6 khéa cho truége trén ciy TKNP

Pé tim kiém 1 nut c6 khoa x trén cay TKNP, ta tién hanh tir nut gdc bang cach so sanh
khod ctia ntit goc véi khod x.

Néu nut gdc bang NULL thi khong c6 khoa x trén cay.

Néu x bang khoa cua nut goc thi giai thut dimg va ta dd tim dugc nit chua
khoa x.

Néu x 16n hon kho4 ctia nut gdc thi ta tién hanh (mot cach dé qui) viéc tim khoa
X trén cay con bén phai.

Néu x nho hon khoa cta nit gbc thi ta tién hanh (mot cach dé qui) viéc tim
khoa x trén cay con bén trai.

Vi duy: tim ntt ¢6 khoé 30 trong cay ¢ trong hinh 1.10

So sanh 30 vé&i khoa nut gbe 1a 20, vi 30 > 20 vay ta tim tiép trén cdy con bén
phai, trc 1a cay co6 nit goc c6 khoa 1a 35.

So sanh 30 v&i khoa cia nut gbe 1a 35, vi 30 < 35 vay ta tim tiép trén cdy con
bén trai, tirc 1a cay c6 nit goc co khod 1a 22.

So sanh 30 v&i khoa cua nut gbe 1a 22, vi 30 > 22 vay ta tim tiép trén cdy con
bén phai, tirc 1a cay co6 nut goc c6 khoa 1a 30.

So sanh 30 véi khoa nut gbe 1a 30, 30 = 30 vay dén day giai thuat dimg va ta
tim dugc nut chira khoa can tim.

Ham dudi day tra vé két qua 1a con tro tré téi nut chira khod x hoic NULL néu khong
tim thay khod x trén cay TKNP.

BSTree Search(KeyType x,BSTree Root)

{

if(Root == NULL)

return NULL;, //khéng tim thdy khod x

else if (Root->Key == x) /* tim thdy khod x */

return Root;

else if (Root->Key < x)

//tim tiép trén cdy bén phdi

return Search(x,Root->right);
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else

fim tiép trén cdy bén trdi
/

return Search(x,Root->left);

/

Thuat toan tim klem dang lap, tra vé con tr6 chira dir liéu can tim va dong thoi gitr lai
nat cha ctia né néu tim thiy, nguoc lai tra vé rong.

BSTree SearchLap(BSTree Root, KeyType Item, BSTree &Parent)
{

BSTree LocPtr = Root;

Parent = NULL,

while (LocPtr != NULL)

{
if (Item==LocPtr->Key)
return (LocPtr);
else
{
Parent = LocPtr;
if (Item > LocPtr->Key)
LocPtr = LocPtr->RChild;
else LocPtr = LocPtr->LChild;
/
return(NULL);
/

/

Nhin xét: giai thuat nay s& rat hidu qua vé mit thoi gian néu cay TKNP duoc t6 chic
tot, nghia la cay tuong doi "can bang".

Thém mégt nut c6 khéa cho trudc vao ciy TKNP

Theo dinh nghia ciy tim kiém nhi phén ta thay trén cdy tim kiém nhi phan khong c6
hai nat c6 cung mdt khod. Do d6 néu ta muon thém mot nat cé khod x vao cay TKNP
thi trude hét ta phai tim kiém dé xac dinh c6 nit nao chira khod x chua. Néu c¢6 thi giai
thuat két thuc (khong lam gi ca!). Nguoc lai, s€ thém mdt niit méi chira khod x nay.
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Vi¢c thém mdt khoa vao cdy TKNP la vi¢c tim kiém va thém mot nut, tit nhién, phai
dam bao cau triic cay TKNP khong bi pha v§. Giai thuat cu thé nhu sau:

Ta tién hanh tir nit goc bang cach so sdnh khoa cua nut goc véi khoa x.

Néu nut gdc bang NULL thi khoa x chua c6 trén cay, do d6 ta thém mot nat méi
chura khoa x.

Néu x bang khoa cta nut gdc thi giai thuat dimg, truong hop nay ta khong thém
nut.

Néu x 16n hon khoa cua nut gdc thi ta tién hanh (mot cach dé qui) giai thuat nay
trén cdy con bén phai.

Néu x nh6 hon khod cta nat gdc thi ta tién hanh (mot cach dé qui) giai thuét nay
trén cady con bén trai.

Vi du: thém khod 19 vao cay ¢ trong hinh I.11

So sanh 19 véi khoa ctia nut gbe 1a 20, vi 19 < 20 vay ta xét tiép dén cay bén
trai, tirc 1a cay co nat goc c¢o khoa 1a10.
So sanh 19 véi khoa ctia nat gbe 1a 10, vi 19 > 10 vay ta xét tiép dén cay bén
phai, tirc 1a cay co6 nut goc c6 khoa la 17.
So sanh 19 véi khoa ctia nut gbc 1a 17, vi 19 > 17 vay ta xét tiép dén cay bén
phai. Nut con bén phai bang NULL, chung t6 rang khoa 19 chua co trén cay, ta
thém nut mai chira khoa 19 va nliit méi nay 1a con bén phai cua nat cé khod 1a
17, xem hinh I.11

20

NN
SN\

Hinh I.11: Thém khod 19 vao cay hinh .10

Thu tuc sau ddy tién hanh viéc thém mot khoa vao cay TKNP.
void InsertNode(KeyType x, BSTree &Root )

{

if (Root == NULL)

{ /* thém nut moi chira khoa x */

Root = new BSNode,
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Root->Key = x;
Root->left = NULL,
Root->right = NULL,
/
else if (x < Root->Key) InsertNode(x,Root->left),
else if (x>Root->Key)InsertNode(x,Root->right);
/
Tha tuc 1ap thém mdt nut vao cay
int InsertNodeLap(BSTree &Root, KeyType Item)
{
BSTree LocPtr, Parent;
if (SearchLap(Root, Item, Parent))

{
cout << “\ndd co ptu “<<ltem<<“trongcay!";
return -1;
/
else
{
If (LocPtr=CreateNode())==NULL)
return 0;
LocPtr->Key = Item,
LocPtr->LChild = NULL;
LocPtr->RChild = NULL,
if (Parent == NULL)
Root = LocPtr; //cdy rong
else if (Item < Parent->Data)
Parent->LChild = LocPtr;
else Parent->RChild = LocPtr;
return 1;
/

/

Xo6a m@t nit co6 khoa cho trwée ra khéi cay TKNP
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Gia str ta muon xoa mot nut ¢ khoa x, trudc hét ta phai tim ki€ém nut chira khoa x trén
cay.

15 15
SN N
10 18 10 NIL

¥oa nut la co khoa B

16 15

SN — N
10 18F 10 18

16_ .~

Xoa nutco khoa 18 la nut trung gian <o mét nut con

15 16
SN — N\
18 ¢ 18

10
n/
18
¥oa nut co khoa 15 la ndt trung gian ¢o hai nut con

Hinh .12
Viéc xoa mot nat nhu vay, tat nhién, ta phai bao dam cAu tric cay TKNP khong bi pha
V0.
- Néu khong tim thdy nit chira khoa x thi giai thuat két thuc.
- Néu tim gdp nut N c6 chtra khoa x, ta ¢ ba trudng hop sau
- Néu N la I4 ta thay n6 boi NULL.

" Xof nit 14 D VAR
—eeeeip

B (oL

- N c6 hai nut con ta thay n6 bai nut 16n nhat trén cy con trai ctia né (nut
cuc phai ciia cdy con trai) hodc 1a nut bé nhét trén cy con phai ciia nd
(n0t cyc trédi cia cdy con phai). Trong giai thudt sau, ta thay x boi khod
clia nut cuc trai ctia cdy con bén phai rdi ta xo4 nit cyc trai ndy. Viéc
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X04 nut cyc trdi cua cdy con bén phai s€ roi vao mdt trong hai truong
hop trén.

®/ y /\

RV
(Miit ke ti€p ctia BEL). {
theo thi ty gifta) \

©

Hinh 1.12

Giai thuit xoa mdt nit cé6 khoa nhé nhat

Ham dudi déy tra vé khod cua nut cuc trai, dong thoi xoa nut ny.
KeyType DeleteMin (BSTree &Root )

{

/

KeyType k;
if (Root->left == NULL)
{

k=Root->key,

Root = Root->right;
return k;

/

else return DeleteMin(Root->left),

Thu tuc x6a mt nit c6 khoa cho truéde trén cay TKNP

void DeleteNode(KeyType x, BSTree &Root)

{

if (Root = NULL)

if (x < Root->Key) DeleteNode(x,Root->left)

else if (x > Root->Key)
DeleteNode(x,Root->right)

else if ((Root->left==NULL) & & (Root->right==NULL))
Root =NULL;

else if (Root->left == NULL)
Root = Root->right
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else if (Root->right==NULL)
Root = Root->left

else Root->Key = DeleteMin(Root->righ)
/

Thi tuc 1dp x6a mot node ra khéi cay
int DeleteNode (BSTree &Root, KeyType Item)
{
BSTree x, Parent, xSucc, SubTree;
if((x=SearchLap(Root, Item,Parent)) == NULL)
return 0; //khong thdy Item

else
{
if((x->left!/=NULL) & & (x->right !|= NULL))
// nut co hai con
{
xSucc = x->right;
Parent = x;
while (xSucc->left = NULL)
{
Parent = xSucc;
xSucc = xSucc->left;
/
x->Key = xSucc->Key;
x = xSucc;
/

//dé dwa niit 2 con vé mit ¢6 téi da 1 con
SubTree = x->left;
if (SubTree == NULL)
SubTree = x->right;
if (Parent == NULL)
Root = SubTree; // xéa niit goc

else if (Parent->left == x)
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Parent->left = SubTree;
else Parent->right = SubTree;
delete x;

return 1;

/

V. Cay nhi phin tim kiém cin bing (Cay AVL)

1.

Céay nhi phan cin bing hoan toan

Dinh nghia

Cay nhi phan can bang hoan toan (CBHT) 1a ciy nhi phan ma ddi véi mdi niit ciia nd,

sO nut cua cay con trai chénh 1éch khong qua 1 so véi s6 nit cua cay con phai.

Vi du:

Q
N\
@ @

Hinh 1.13

. Xay dung ciy nhi phan cin bing hoan toan

Tree CreateTreeCBHT(int n)

{
Tree Root,
int nl, nr;
KeyType x;
if (n<=0) return NULL;
nl =n/2; nr = n-nl-1;
Input(x);//nhdp phan tir x

if ((Root =CreateNode()) == NULL)
return NULL,

Root->Key = x;
Root->left = CreateTreeCBHT(nl);
Root->right = CreateTreeCBHT(nr);

return Root;
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3. Ciy tim kiém nhi phén cin bing (ciy AVL)

Trén cdy nhj phan tim kiém BST con phan tir ma 1a cay CBHT, phep tim klem mot
phan tir trén n6 s& thyc hién rat nhanh: trong truong hop xau nhét, ta chi can thyc hién
logon phép so sanh. Nhung cady CBHT c¢6 cau triic kém 0n dinh trong cac thao tac cap
nhat cay, nén no it dugc sir dung trong thue té. Vi thé, nguoi ta tan dung y tuong cay
can bang hoan toan dé Xy dung mot cay nhi phén tim kiém c6 trang thai can bang yéu
hon, nhung vi¢c can bang lai chi xay ra & pham vi cuc bd dong thoi chi phi cho viéc
tim kiém van dat & mtc O(log,n). D6 1a cay tim kiém can bang.

Dinh nghia

Cay nhij phan tim kiém goi 12 cAy nhi phan tim kiém can bang (goi tat 1a cdy AVL) néu
tai moi nut ciia no, do cao cua cay con trai va do cao cua cay con phai chénh léch nhau
khong qua 1.

R& rang mot cay nhi phan tim kiém can bang hoan toan 1 ciy can bang, nhung diéu
nguoc lai 1a khong dang. Chang han cay nhi phan tim kiém trong vi du sau la can bang
nhung khong phai 1a can bang hoan toan.

Vidu:

Hinh 1.14

Cay can bang AVL van thyc hién viéc tim ki€ém nhanh twong duong cay can bang
hoan toan va van c6 cau trac 6n dinh hon han cay can bang.

Chi s cAn bing va viéc cin bang lai cdy AVL

Dinh nghia: chi s6 can bang (CSCB) ctia mot nit p 1a hidu cta chiéu cao cdy con phai
va cay con trai cua no.

Ki hiéu:

hi(p) hay h, 14 chiéu cao ciia cay con trai cta p.

h,(p) hay h, 14 chiéu cao ctia cdy con phai cia p.

EH=0,RH=1,LH=-1

CSCB(p) =EH & hr(p) = hi(p) :2 ciy con cao bang nhau
CSCB(p) =RH & hr(p) > hi(p) : cdy Iéch phai
CSCB(p) =LH & hr(p) < hp(p) : cay léch trai

Véi mdi nut cia cay AVL, ngoai cac thudc tinh thong thuong nhu cay nhi phén, ta can
luu y thém thong tin vé chi sb can bang trong cau tric ciia mot nit. Ta co dinh nghia
cAu tric mot nat nhu sau:
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typedef ... ElementType; /* Kiéu dir liéu ciia nit */
typedef struct AVLTN
{
ElementType Data,
int Balfactor; //Chi s6 cdn bang
struct AVLTN * Lchild, *Rchild;
} AVLTreeNode;
typedef AVLTreeNode *AVLTree;
Viéc thém hay hity mot nut trén cay AVL c6 thé 1am cay ting hay giam chiéu
cao, khi do ta can phai cin bang lai cdy. Dé giam tbi da chi phi can bang lai cy, ta chi
can bang lai cdy AVL ¢ pham vi cuc bo.
Cic trueong hop mat cin bang

Ngoai cac thao tac thém va hity ddi v6i cdy can bang, ta con c6 thém thao tac co ban
1a can bang lai cAy AVL trong truong hop thém hodc huy mot nat ctia nd. Khi d6 do
léch giita chiéu cao cdy con phai va trai s& 1a 2. Do d6 truong hop cdy l1éch trai va phai
tuong ung 1 ddi xting nhau, nén ta chi xét trudng hop cay AVL léch tréi.

Truong hop a: cay con T1 1€ch trai

O,

Hinh I.15

Truong hop b: cay con T1 Iéch phai

Hinh I.16
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Truong hop c: cay con T1 khong 1éch

Hinh 1.17

Can bang lai trudng hop a: ta can bang lai bang phép quay don left-left ta dugc:
() "

h 1 h+1

FARWAY

Hinh 1.18

Can bang lai truong hop b:

R
\ Rl |h
12 R2

Hinh 1.19
Can bang lai bang phép quay kép left-right, ta co két qua nhu sau:

Ih-l
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—
Ve

Hinh 1.20

h

Cai dat
//Phép quay don Left — Left
void RotateLL(AVLTree &T)
{
AVLTree Tl = T->Lchild;
T->Lchild = T1->Rchild;
T1->Rchild = T;
switch (T1->Balfactor)
{
case LH: T->Balfactor = EH;
T'l->Balfactor = EH, break;
case EH: T->Balfactor = LH;
T1->Balfactor = RH; break;
/
=TI,
return ;
/
// Phép quay don Right — Right
void RotateRR (AVLTree &T)
{
AVLTree T1 = T->Rchild;
T->Rchild = T1->Lchild;
T1->Lchild = T;
switch (T1->Balfactor)

2

h+ 1
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case RH: T->Balfactor = EH;
T1->Balfactor = EH, break;
case EH: T->Balfactor = RH;
T'1->Balfactor = LH; break;
/
T=TI;
return ;
/
//Phép quay kép Left — Right
void RotateLR(AVLTree &T)
{
AVLTree Tl = T->Lchild, T2 = TI1->Rchild;
T->Lchild = T2->Rchild; T2->Rchild = T;
T1->Rchild = T2->Lchild; T2->Lchild =TI,
switch (T2->Balfactor)

{
case LH: T->Balfactor = RH;
T1->Balfactor = EH; break;
case EH: T->Balfactor = EH;
T'l->Balfactor = EH,; break;
case RH: T->Balfactor = EH;
T'1->Balfactor = LH; break;
/
12->Balfactor = EH;
T=T2;
return ;

/
//Phép quay kép Right-Left
void RotateRL(AVLTree &T)
{
AVLTree Tl = T->RLchild, T2 = T1->Lchild;
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T->Rchild = T2->Lchild; T2->Lchild = T;
T1->Lchild = T2->Rchild; T2->Rchild = T1;
switch (T2->Balfactor)

{
case LH: T->Balfactor = EH;
T'1->Balfactor = RH; break;
case EH: T->Balfactor = EH;
T1->Balfactor = EH; break;
case RH: T->Balfactor = LH;
T1->Balfactor = EH; break;
/
12->Balfactor = EH;
T=T2
return ;

/
Cai dit cac thao tic cin bing lai
//Can bang lai khi cy bi 1éch trai
int LeftBalance(AVLTree &T)
{
AVLTree Tl = T->Lchild;
switch (T1->Balfactor)
{
case LH : RotateLL(T),
return 2; //cay T khong bi léch
case EH : RotateLL(T);
return 1,//cdy T bi léch phdai
case RH : RotateLR(T), return 2;
/
return 0;
/
//Can bang lai khi cay bi 1éch phai
int RightBalance(AVLTree &T)
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AVLTree Tl = T->Rchild;
switch (T1->Balfactor)
{
case LH : RotateRL(T),
return 2; //cay T khong léch
case EH : RotateRR(T);
return 1, //cay T léch trai
case RH : RotateRR(T); return 2;
/

return 0;
/
Chén mét phan tir vao cdy AVL

Viéc chén mt phan tir vao cay AVL xay ra tuong ty nhu trén cay nhi phén tim klem
Tuy nhién sau khi chen xong, néu chiéu cao ciia cay thay doi tai vi tri thém vao, ta can

phai nguoc 1én gbc dé kiém tra xem c6 nit nao bi mat can bang hay khong. Néu co, ta
chi can phai can bang lai ¢ nit nay.

AVLTree CreateAVL()
{
AVLTree Tam= new AVLTreeNode,
if (Tam == NULL)
cout << “\nLéi !
return Tam;

/
int InsertNodeAVL( AVLTree &T, ElementType x)

{

int Kqua;

if (T)

{
if(T->Data==x)

return 0, //Da co nut trén cdy

if (T-> Data > x)
/
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//chén nut vao cdy con tradi

Kqua = InsertNodeAVL(T->Lchild,x),

if (Kqua < 2) return Kqua;
switch (T->Balfactor)

{
case LH: LeftBalance(T);
return 1;//T léch trai
case EH: T->Balfactor=LH;
return 2;//T khong léch
caseRH:T->Balfactor=EH;
return 1,//T léch phai
/
/
else //T-> Data < x
{
Kqua= InsertNodeAVL(T->Rchild x);
if (Kqua < 2) return Kqua;
switch (T->Balfactor)
/
case LH: T->Balfactor = EH;
return 1;
case EH:T->Balfactor=RH;
return 2;
case RH : RightBalance(T),
return 1;
/
/
else //T==NULL
{
if (T = CreateAVL()) == NULL)
return —I;
T->Data = x;
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T->Balfactor = EH;
T->Lchild = T->Rchild = NULL;

return 2;

/

Xo6a mét phin tir ra khéi cAdy AVL

Viéc x6a mot phan tir ra khoi cdy AVL dién ra twong tu nhu d6i véi ciy nhi phan tim
ki€ém, chi khéc 1a sau khi hiy, néu cdy AVL b1 mat can bang, ta phai can bang lai cay.
Viéc can bang lai cay co the xay ra phan irng day chuyén.

int DeleteAVL(AVLTree &T, ElementType x)

{

int Kqua;
if (T== NULL) return 0, // khong co x trén cay
if (T-> Data > x)
{
Kqua = DeleteAVL(T->Lchild,x);// tim va xéa x trén cdy con trdi cua T
if (Kqua < 2) return Kqua;
switch (T->Balfactor)
/
case LH : T->Balfactor = EH;
return 2; //trucc khi xoa T léch trai

case EH : T->Balfactor = RH;

return 1 // truoc khi xoa T khong léch
case RH : return RightBalance(T);
// trwoce khi xoa T léch phai

/

else if (T-> Data < x)

{
Kqua = DeleteAVL(T->Rchild,x);// tim va xoa x trén cdy con trdi cua T
if (Kqua < 2) return Kqua;
switch (T->Balfactor)
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case LH : return LeftBalance(T),//trudc khi xoa T léch trdi

case EH : T->Balfactor = LH;

return 1; //truoce khi xoa T khong léch
case RH : T->Balfactor = EH;
return 2, //trudc khi xoa T léch phai

/
}
else //T->Data== x
{
AVLTreep =T;
if (T->Lchild == NULL)
{
T = T->Rchild; Kqua = 2;
/
else if (T->Rchild == NULL)
/
T = T->Lchild; Kqua = 2;
/
else // T ¢o hai con
{
Kqua = TimPhanTuThayThe(p,T->Rchild);
//Tim phan tir thay thé P dé xéa trén nhdanh phdi cua T
if (Kqua < 2) return Kqua;
switch (T->Balfactor)
{
case LH : return LeftBalnce(T),
case EH : T->Balfactor = LH;
return 2;
case RH : T->Balfactor = EH;
return 2;
/
/
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delete p;

return Kqua,

/
/
// Tim phan tir thay thé
int TimPhanTuThayThe(AVLTree &p, AVLTree &q)
{
int Kqua,
if (q->Lchild)
{
Kqua = TimPhanTuThayThe(p, g->Lchild),
if (Kqua < 2) return Kqua;
switch (q->Balfactor)
{
case LH : g->Balfactor = EH;
return 2;
case EH : q->Balfactor = RH;
return 1;
case RH : return RightBalance(q),
/
/
Else
{
p->Data = g->Data;
P=9q
q= q—>RChild,'
return 2;
/
/
Bai tap

1. Xuét ra theo thir tu: gitra, dau, cudi cac phan tir trén cdy nhi phan sau:
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. Tim ciy nhi phan thoa dong thoi hai diéu kién két xuét sau:

Q

- Theo thtr ty ddu NLR cua n6 1a diy ky tu sau:
A,B,C,D,E,Z, U, T,Y

- Theo thu ty gitta LNR cua n¢ 1a day ky tu sau:
D,C,E,B,A,U,Z,T,Y

. Biéu dién mdi biéu thir s6 hoc dudi day trén cdy nhi phan, tir d6 rat ra dang
biéu thirc hdu t6 cta chung:

a/(b*c)
- a5+4a3—3a2+7

(a+b)*(c-d)
Sa+b

Viét thuat toan vachuong trinh:

- Chuyén mot biéu thirc s6 hoc ky hiéu 1én cay nhi phan (c6 kiém tra biéu thirc da
cho c6 hop ct phap khong ?)

- Xuét ra biéu thtrc s6 hoc d6 duéi dang: trung td, hau td, tién td

. Xay dung cdy tim kiém nhi phan BST tr mdi bo muc dir liéu dau vao nhu
sau:

- 1,2,3,45
- 54321
- fe, cx, jk, ha, ap, aa, by, my, da

- 8,9,11,15,19,20,21,7,3,2,1,5,6,4,13,10,12,17,16,18. Sau d6 x6a lan lugt cac nit
sau: 2,10,19,8,20

. Viét chuong trinh véi céc chirc ndng sau:

- Nhap tir ban phim cac sd nguyén vao mot cdy nhi phan tim kiém (BST) ma nat
goc duoc trd to1 boi con trd Root.

- Xuét cac phdn tir trén cay BST trén theo tht tu: dau, gitra, cudi.
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- Tim va x6a (néu c6 thé) phan tir trén cay Root ¢ dit liéu trung véi mot muc dix
ligu Item cho trudc duge nhap tir ban phim.

- Sipxépn muc dir liéu (dugc cai dat bang DSLK) bang phuong phap cdy nhi
phén tim kiém BSTSort.

Yéu cau: viét cac thao tac trén bang 2 phuong phap dé quy va lap
6. Tuong ty bai 5 nhung trong mdi nut c6 thém trudng parent dé tro téi cha
cta no.
7. Cho cay nhi phan T. Viét chuong trinh chtra cac ham cétacdung xac dinh:
- Tbng sb nut cua cay.
- SO nit cta cdy & mirc k.
- Sonitla.
- Chiéu cao cua cay.
- Kiém tra xem cy T c6 phai cdy can bang hoan toan hay khong?
- S6 nut c6 dung hai con khéc rong
- S nit ¢6 dung mot con khac rdng
- S6 nut c6 khoa nhé hon x trén cdy nhi phan hoic cdy BST
-S4 nit ¢6 khoa 16n hon x trén cdy nhi phan hodc ciy BST
- Duyét theo chiéu rong
- Duyét theo chiéu sau
- DPéo nhénh trai va phai cia mgt cay nhi phan.

8. Viét chuong trinh thyc hi¢n céc thao tdc co ban trén cay AVL: chén mot
nut, x6a mot nut, tao cay AVL, huy cay AVL.

9. Viét chuwong trinh cho phép tao, thém, bét, tra cira, sira chita tir dién.
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Chuong 11

Muc tiéu

Sau khi hoc xong chuong nay, sinh vién nim ving va cai dit duoc cac kiéu dir liéu
trru tuong do thi va van dung dé giai nhitng bai toan thyc te.

Kién thirc co ban cin thiét
Dé hoc t6t chwong nay sinh vién can phai nim viing k¥ ning lap trinh co ban nhu:
- Kiéu mau tin, kiéu mang, kiéu con tro.
- Céc céu tric diéu khién, 1énh vong lap.
- Léap trinh ham, thu tuc, cach goi ham.
N¢i dung

Trong chuwong nay ching ta s& nghién ctiru mot s kiéu dit lidu triru twong co ban nhu
sau:

- Cac khai niém co ban
- Kiéu dit liéu triru twong dd thi
- Biéu dién d6 thi
- Céc phép duyét do thi
- Mot s bai toan trén do thi
I. Cac dinh nghia

Mot d6 thi G = (V, E) 1a mot tap hop khong rong V chira cac dinh va mot tap hop
khong rong E chira cac canh (cung) twong ng. Cac dinh con duoc goi la nat hay
diém. Cac cung ndi gitra hai dinh, hai dinh nay c6 thé tring nhau. S6 dinh va cung ki
hi¢u tuong tng 1a |V| va |E|.

Hai dinh c6 cung nbi nhau goi 1a hai dinh ké. Mot cung ndi giita hai dinh v, w ¢6 thé
coi nhu 1 mot cip diém (v, w). Néu cip nay co thi ty thi ta c6 cung c6 th tw, ngugc
lai thi 14 cung khong c6 tht ty. Néu cac cung trong d thi G c6 thu ty (tic cung (v, w)
khac cung (w, v)) thi G goi 1a d6 thi c6 huéng. Néu cac cung trong dd thi G khéng co
thir tu (te cung (v, w) = (w, v)) thi d6 thi G goi 1a d6 thi v hudng. Mot d6 thi duge
goi 1 da d6 thi néu giita hai dinh c6 thé nbi véi nhau boi nhiéu hon mét cung, nguoc
lai thi d6 thi 12 don db thi. Hinh I.1a: d thi c6 hudng, hinh 1.1.b: d6 thi v6 hudng,
hinh I.1.c: da d5 thi. Trong cac d6 thi nay thi cac vong tron dugc danh sb biéu dién cac
dinh, con cac cung dugc biéu dién bang doan ndi hai dinh c¢6 hudng (trong I.1a) hoic
khong c6 hudng (trong I.1b).
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Hinh I.1a Hinh I.1.h Hinh I.1c

Mot duong di trén do thi 1a mot diy tudn ty cac dinh vy, v, ..V, sao cho (v;, vii1) 1a mot
cung trén d thi (i=1,...,n-1). Puong di nay 1a duong di tir v, dén v, va di qua cac dinh
V2, .., Vp1. Dinh v, goi 14 dinh dau, v, con goi la dinh cubi, 4o dai dudng di nay bang
(n-1). Trudng hop dic biét diy chi c6 mot dinh v thi ta coi d6 1a dudng di tir né dén
chinh n6 va do dai bang 0. Vi du diy 1, 2, 5 trong d6 thi I.1.a 1a mot duong di tir dinh

1 dén dinh 5, dudng di nay c6 do dai bang 2.

Puong di goi 1a duong di don néu moi dinh trén duong di déu khac nhau, ngoai trir
dinh dau va dinh cudi c6 thé tring nhau. Mot duong di ¢6 dinh dau va dinh cubi tring
nhau goi 1a mot chu trinh. Mot chu trinh don 1a mgt duong di don c6 dinh dau va dinh
cudi tring nhau va c6 do dai it nhat 13 1. Vi du trong hinh I.1a thi 3,2.4,3 tao thanh
mot chu trinh c6 d6 dai 3. Trong hinh I.1b thi 1,2,5,1 1a mdt chu trinh c6 d6 dai b'ﬁmg
3.

Trong nhiéu tng dung ta thuong két hop céc gia tri hay nhan véi cac dinh hodc cac
canh, luc nay ta c6 do thi c6 nhan. Nhan két hop voi cac dinh hodc canh c6 thé biéu
dién tén, gi4, khoang cach ...N6i chung nhan c6 thé ¢6 kiéu tuy y. Hinh 1.2 1a mot d6
thi ¢6 nhan.

10
Hinh 1.2
Db thi con ctia mot d6 thi G = (V, E) 1a mot do thi G” = (V’, E’) trong d6:
- Ve Vva
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- E’ gbm cac canh (v, w) € Esaochov,w eV’

II. Biéu dién do thi

Thong thudng dé biéu dién do thi nguoi ta dung hai cdu trac dir liéu 1a ma tran (ma
tran k€) hodc mang cac danh sach lién két cac dinh ké (danh sach ke).

1. Biéu dién d thi bing ma tran ké

Ta dung mot mang hai chiéu, chang han mang DT, kiéu boolean dé biéu dién cac dinh
ké. Néu d6 thi co n dinh thi ta dung mang DT kich thudc n x n. Gia st cac dinh dugc
danh s 1..n thi DTJi,j] = true, néu c6 canh ndi gitra hai dinh i va j, nguoc lai DT[1,j] =

false. Néu do thi G 1a d6 thi vo hudng thi ma trén ké s& 1a ma tran ddi ximg. Chéng

han d6 thi I.1b c6 biéu dién ma tran ké nhu sau:

\ 1 2 3 4 5

i

1 True | True | True | False | True
2 True | True | False | False | True
3 | True | False | True | True | False
4 | False | False | True | True | True
5 True | True | False | True | True

O day ta ciling c6 thé biéu dién dung hai gia tri 0 va 1 dé biéu dién, quy udc 1 twong

g v6i true con 0 twong tmg véi false. Vi cach biéu dién nay thi do thi hinh I.1a c6

bi€u dieén ma tran ké nhu sau:
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Trén d6 thi c6 nhan thi ma trdn ké c6 thé dung dé luu trir nhan cia cac cung chang han
cung gifra i va j ¢6 nhan a thi DT[i,j] = a. Vi du ma tran ké ctia do6 thi hinh 1.2 1a:

1 0 10 | VvVC | 30 | 100

Dbi voi nhimng cdp dinh i, j khéng c6 cung ndi véi nhau ta phai gan cho né mot gia tri
dic biét nao d6 dé phan biét véi cac gia tri ¢ nghia khac. Chang han nhu trong bai
toan tim dudng di ngan nhét, cac gia tri s6 nguyén biéu dién cho khoang cach giira hai
thanh phd khong c6 canh ndi ta gan cho n6 khoang cach bang gia tri VC 1a mot gia tri
v6 cung 16n, con khoang cach tir mot dinh dén chinh né 13 0.
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Bai tap: Hay viét thu tuc nhap liéu mot ma tran ké biéu dién cho mot do thi. Dit liéu
dau vao la so dinh V, s6 canh E va cac canh no61 hai dinh.

Céch biéu dién do thi bang ma trin ké cho phép kiém tra mot céch tryc tiép hai dinh
nao do co the ké nhau khong. Nhung n6 phai mat thoi gian duy€t qua toan b mang dé
xéc dinh tat ca cac canh trén do thi. Thoi gian nay doc 1ap vai s6 canh va s6 dinh cua
db thi. Ngay ca khi s6 canh cua do thi rat nho thi ta van phai dung mot ma tran nxn dé
luu trir. Do vay, néu ta can 1am viéc thuong xuyén voi cac canh cua dd thi thi ta c6 thé
phai ding cach biéu dién khac cho phu hop hon.

2. Biéu dién d6 thi bang danh sach cac dinh ké.
Trong cach biéu dién nay, ta s& luu trit cac dinh ké véi mot dinh i trong mot danh sach
lién két theo mot tht ty nao do. Nhu vay ta cAn mot mang LIST mat chiéu c6 n phﬁn
tir dé biéu dién cho dd thi ¢6 n dinh. LIST[i] 1a con tr6 tro tdi danh sach cac dinh ké
v6i dinh i. Vi du @6 thi hinh I.1a ¢6 thé biéu dién nhu sau:

1 > 2 > 3 *

2 > 5 *

3 > 4 *

4 *

5 > 1 > 4 *
Ming LIST

Bai tap: viét thu tuc nhap dit lidu cho dd thi biéu dién bang danh sach ké.
IV. Cac phép duyét dd thi (traversals of Graph)

Trong khi giai nhiéu bai toan dugc mé hinh hoa bang d6 thi, ta can di qua cac dinh va
cac cung cua dd thi mot cach co hé théng. Viéc di qua céc dinh ctua dd thi mot cach cd
hé théng nhu vay goi 1a duyét d6 thi. C6 hai phép duyét do thi pho bién d6 1a duyét
theo chiéu sau, va duyét theo chiéu rong.

1. Duyét theo chiéu sau (Depth-first search)

Gia sir ta c6 d6 thi G = (V, E) véi cac dinh ban dau duoc danh dau la chua duyét
(mang danh dau mang gia tri 0). Tir mot dinh v nao do6 ta bat dau duyét nhu sau: danh
dau v da duyét, véi mdi dinh w chua duyét ké vé6i v, ta thuc hién dé qui qua trinh trén
cho w. S& di cach duyét nay co tén 1a duyét theo chiéu sau vi n6 s& duyét theo mot
hudng nao d6 siu nhat c6 thé dugc. Giai thuat duyét theo chiéu sdu mot dd thi co thé
duoc trinh bay nhu sau, trong d6 ta dung mot mang DX c6 n phan tir dé danh déu cac
dinh ctia d6 thi 1a da duyét hay chua.
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//danh ddu chwa duyét tat ca cdc dinh

for (v=1;v<=n;vt+) DX[v] = 0;

Thu tuc duy¢t dd thi theo chiéu sau dfs co thé duoc viét dang d¢ quy nhu sau:
void dfs(dinh v) // v thugc [0..n]

{
vertex w;
DX[v]=1;
for (méi dinh w la dinh ké véi v)
if (DX[w] == 0)
dfs(w);
/

Vi du: duyét theo chiéu sau do thi trong hinh I.1.a. Gia st ta bit dau duyét tir dinh 1,
tire 1a dfs(1). Giai thuat s& danh dau 1 di dugc duyét, 1 ¢6 hai dinh ké 1 2 va 3, chon
dinh dau tién trong danh sach cac dinh ké véi 1, d6 1a 2. Tiép tuc duyét 2, 2 dugc danh
du da xét, 2 c6 mot dinh ké 13 5, 5 dugce danh dau da duyét, 5 ¢6 hai dinh ké 1a 1 va 4,
nhung 1 di dugc danh dau 1a xét rdi do d6 thuat toan thuc hién duyét t6i dinh 4 1a
dfs(4). Bén day, khong con dinh nao ké véi 4, bay gid giai thuat s& tiép tuc v6i dinh ké
v6i 1 ma con chua duyét 13 3. Dinh 3 khong c6 dinh ké nén phép duyét dfs(3) két thuc
vay dfs(1) ciing két thuc.Va tha tu duyét s& 1a: 1, 2, 5, 4, 3.

Vi du duyét theo chiéu sau do thi hinh .3 bat dau tir dinh A: duyét A, A ¢6 cac dinh
ké 1a B, C, D, theo tir tu d6 thi B dugc duyét. B c6 mot dinh ké chua duoc duyétla F,
nén F dugc duyét. F c6 céc dinh ké chua duoc duyét 1a D, G, theo thu tu do thi ta
duyét D. D c6 céac dinh ké chua duogc duyét 1a C, E, G, theo thu tu d6 thi C dugc
duyét. Cac dinh ké v6i C déu da duoc duyét nén giai thuét tiép tuc véi E. E c6 mot
dinh ké chua duyét 1a G, vay ta duyét G. Luc nay tat ca cac dinh déu di dugc duyét
xong. Vay thtr tu dinh dugc duyét [a ABFDCEG.

Hinh 1.3
2. Duyét theo chiéu rong (breadth-first search)

Gia sir ta c6 do thi G véi cac dinh ban dau duoc danh diu 1a chwa duyét (mang danh
dau mang gia tri 0). Tr mot dinh v nao doé ta bat dau duyét nhu sau: ddnh dau v da
duoc duyét, ké dén la duyét tat ca cac dinh ke vdi v. Khi ta duyét mot dinh v roi dén
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dinh w thi cac dinh ké cta v dugc duyét trudce cac dinh ké cta w, vi vay ta dung mdt
hang doi dé luu trit cac dinh theo tht tu duoc duyét dé co thé duyét cac dinh ké véi
chung. Ta cling dung mang mét chiéu DX dé danh dau mot dinh da duyét hay chua.
Giai thuat duyét theo chiéu rong duogc viét dang lip nhu sau:

//n la $6 dinh ciia do thi
void bfs(vertex v) // v thuoc [1..n], v la dinh bdt dau duyét
{
//danh dau chwa duyét tat ca cac dinh
for (v=1; v<=n; v++) DX/v] = 0;
QUEUE Q,//sw dung hang doi Q
vertex Xy,
DX[v] = 1;
ENQUEUE®M™,Q);
while (EMPTY QUEUE(Q))
{
x = DEQUEUE(Q); //lay x ra khoi Q
for (mdi dinh y ké véi x)

{
if (DX[y] ==0)
{
DX[y] = 1; //duyét y
ENQUEUE(®,Q);
/
/

/

Vi du duyét theo chiéu rong d6 thi hinh I.1.a. Gia sir bat dau duyét tir 1. Pinh 1 ¢6 ba
dinh ké 1a 2 va 3. Duyét 2, 3 va danh diu 2, 3 da duyét. Tiép theo 1a duyét dén cac
dinh ké véi 2 ¢6 5. Duyét 5 va danh dau 5 da danh, xét tiép cac dinh ké véi 3, co dinh
4 chua xét, do d6 duyét 4. Dén day tat ca cac dinh da xét, ta dimg thuat toan. Vay thu
tur duyét theo chiéu rong do thi hinh I.1.ala 1,2, 3, 5, 4

Vi du duyét theo chiéu rong dd thi hinh L.3. Gia sir bit dau duyét tr A. Duyét A, ké
dén duyét tat ca cac dinh ké v6i A, d6 1a B, C, D theo tht tw d6. Ké tiép duyét cac dinh
ké cia B, C, D theo tht tu do. Vay cac dinh duogc duyét tiép theo 1a F, E, G. C6 thé
minh hoa hoat dong cua hang do1 trong phép duyét trén nhu sau:
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Duyét A c6 nghia 13 danh ddu d3 xét va dua no6 vao hang doi:

A

Ké dén duyét tat ca cac dinh ké véi dinh dau hang ma chua dugc duyét, tirc 1a ta loai
A khéi hang doi, duyét B, C, D va dua chiung vao hang doi, bay gio hang doi chira cac
dinh B, C, D.

K& dén lay B ra khoi hang doi va cac dinh ké v6i B ma chua dugc duyét, d6 13 F, s&
duoc duyét, F duoc day vao hang doi.

Ké dén thi C duoc lay ra khoi hang doi va cac dinh ké véi C ma chua duoc duyét s&
dugc duyét. Khong c6 dinh nao nhu vay, nén budc nay khong thém dinh nao dugc
duyét.
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K¢é dén thi D duoc 14y ra khoi hang doi va duyét cac dinh ké chua duyét cua D, tic 1a
E, G dugc duyét. E, G dugc dua vao hang do.

G

Tiép tuc, F duoc ldy ra khoi hang doi. Khong ¢ dinh nao ké v6i F ma chua dugc
duyét. Vay khong duyét thém dinh nao.

G

Tuong ty nhu F, E rdi dén G duoc 13y ra khoi hang. Hang trd thanh rdng va thuét giai
két thuc.

V. Mot sb bai toan trén do thi

Phan nay s€ gidi thi¢u véi mot s6 bai toan quan trong trén dd thi, nhu bai toan tim
duong di ngan nhat, bai toan tim bao dong chuyén tiép, cay bao trum toi thiéu...

1. Bai toan tim dwong di ngiin nhat tir mdt dinh cia do thi

Cho d6 thi G véi tap cac dinh V va tap cac canh E (dd thi ¢6 hudng hodc vo huédng).
MB&i canh cta do thi c6 mot nhan, d6 1a mot gia tri khong am, nhan nay con goi la gia
(cost) cua canh. Cho trudc mot dinh v xac dinh, goi 1a dinh nguén. VAn dé 13 tim
duong di ngan nhit tir v dén cac dinh con lai ctia G, tirc 13 cac dudng di tir v dén cac
dinh con lai v6i tong céc gid (cost) cua cac canh trén duong di 1a nho nhat. Chu ¥ rang
néu do thi c¢6 hudng thi duong di nay 1a c6 hudng.

Ta c6 thé giai bai toan nay beng cach xac dinh mot tap hop S chira cac dinh ma
khoang cach ngin nhat tir n6 dén ngudn v da biét. Khoi dau S={v},saudo moi budc
ta s& thém vao S cac dinh ma khoang cach tir né dén v 1a ngén nhat. Vi gia thiét mdi
cung c6 mot gia tri khong 4m thi ta ludn ludén tim duge mot duong di ngan nhat nhu
vay ma chi di qua cac dinh di ton tai trong S. Dé chi tiét hoa thuét giai, gia st G co n
dinh va nhan trén mdi cung duoc luu trong mang hai chiéu C, ttrc C[i,j] 1a gia (co thé
xem nhu d6 dai) cua cung (1)), néu i, j khong ndi nhau thi C[i 1,j] = o (VC). Ta dung
méang mot chidu L ¢6 n phan tir & luu d6 dai cia duong di ngan nhét tir mdi dinh ctia
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d0 thi dén v. Khéi dau khoang cach nay chinh 1a d6 dai canh (v, i), tirc 1a L[i] = C[v.i].
Tai’ moi budc c@a giai thuat thi L[i] s€ dugc cap nhat lai dé luu do dai duong di ngan
nhat tr dinh v dén dinh i, duong di nay chi di qua cac dinh da co6 trong S.

Duéi day 1a mo ta giai thuat Dijkstra dé giai bai toan trén.
Ki hiéu:
o LW dé chi nhan ciia dinh v, tic la cdn trén cia chiéu dai dwong di ngdn nhat
te sy den v.
e d(sy, v): chiéu dai dwong di ngan nhdt tir s, dén v.
o m(s, v): trong so cia canh (s,v).
Mo ta
Input: G, s
Output: d(s,, v), voi moi v khac s,
o Khoi dong:
L(v) = o, Yv£sy, //nhan tam thoi
S = Rgng;
e Buoc 0
d(so, so) = L(sg) = 0;
S = {s0}; //s9co nhan chinh thic
e Budc 1
- Tinh lai nhan tam thoi L(v), voi vg S
Néu v ké véi s, thi
L(v) = Min{L(v), L(sg) + m(sq, v)};
- Tim s, S va ké véi sy sao cho:
L(s;) = Min{L(v): Y veS}; //khido d(sy, s;) = L(s;)
- S=8Uls)t /IS = sy 81}, s, ¢o nhan chinh thirc
e Buoc?2
- Tinh lai nhan tam thoi L(v), voive S
Néu v ké véi s, thi
L(v) = Min{L(v), L(s}) + m(s;, v)};
- Tim s,¢S va ké vdi s; sao cho:
L(s;) = Min{L(v): Y veS},; // khi do d(sy, s;) = L(s3)
Néu L(s,) = Min{L(s)), L(s)+m(s;, s3)} thi dwong di tir s, dén s, qua s;la bé

nhat, va s; la dinh ké trudc s;
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- S=8SU{syt /IS = sy 81 82}, s2 ¢o nhan chinh thirc
o
e Buodci
- Tinh lai nhan tam thoi L(v), voivg S
Néu v ké véi s, thi
L(v) = Min{L(v), L(s.1) + m(si., v)};
- Tim s;2S va ké voi s;j€/0,i-1] sao cho:
L(s;) = Min{L(v): YveS}; //khido d(sy s;) = L(s;)

Néu L(s;) = Min{L(s)), L(s)+m(s;, s)} thi dwong di tir sy dén s; qua s; la bé
nhat, va s; la dinh ké trudc s;

- S=8SU{syt /S = sy 81 85...8:}, S; co nhan chinh thurc
Cai dat thuat toan Dijkstra

Dé cai dat thuat giai d& dang, ta gia sir cac dinh ctia do thi dugc danh s tir 1 dén n, tic
1a V= {1,..n} va dinh ngudn 14 1. Néu mudn luu trit lai cac dinh trén dudng di ngin
nhat dé co thé xay dung lai duong di nay tir dinh ngudn dén cac dinh khac, ta dung
mot mang ddnn. Mang nay s€ luu ddnn[u] = w v6é1 u 1a dinh “trudc” dinh w trong
duong di.

void Dijkstra(int v, int C[max][max])

{
int dnnn[Max];//mang chira dwong di ngan nhat
int i, k, min, dht; //dht: dinh hién tai
int DX[Max]; //danh ddu cdc dinh da dwa vao S
int L[Max]; //L[i] chiwta chi phi toi dinh i

for (i =1; i<=SoDinh; i++)
{
DX[i] = 0;
L[i] =VC,; //VC: v6 cung
/
DX[v] =1,
LIv] =0;
dht =v;
inth=1;
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while(h<SoDinh-1)
{
min = CV;
for(int i=1; i<=SoDinh, i++)
{
if(DX[i] == 0)
{
if(L[dht] + C[dht][i] < L[i]) //tinh lai nhan
{
L[i] = L[dht] + C[dht][i];

dnnnfi] = dht; // gan dinh hién tai bang dinh
trueoc i trén 1o trinh

/
if(L[i] < min) // chon dinh k
{

min = L[i];

k=1i;

/

//Tai méi bude ldp h, tim dwoc dwong di ngdn nhat tir s

//dén k

Xuatddnn(v,k, ddnn);

cout<<"\nTrong so: "<< L[k];

dht = k; // khoi dong lai dht

DX[dht] = 1, //Dwa nut k vao tdp nut da xét
h++;

/
Vi du: 4p dung thuat giai Dijkstra cho d thi hinh 1.5
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Hinh L5
Két qua khi ap dung giai thuat

Lén lip S W | L[2] | L[3] | L[4] | L[5]
Khoi dau {1} - 10 | o | 30 | 100
1 M | @
1 (1,2} 21 10 | 60 | 30 | 100
M 1@ | m®] M
2 {124y |4 10 | 40 [ 30 | 90
M@ O] @
3 (1234, [ 3] 10 | 40 | 30 | 50
ORNCNNONNE)
4 {12345y | 5] 10 | 40 | 30 | 50
OGN NONNE)
Mang ddnn c6 gia tri nhu sau:
1 2 3 4 5
1 4 1 3

Tir két qua trén ta c6 thé suy ra rang duong di ngan nhit tir dinh 1 dén dinh 3 1a
1>4->3 ¢6 d6 dai 1a 40. Puong di ngan nhat tir 1 dén 5 12 1>4->3->5 ¢6 do dai 1a
50.

Bai tap:
1. Viét thu tuc xuit dudng di Xuatdnnn(int v, int k, int ddnn[max]).
2. Cai dat thuat giai Dijkstra.
2. Bai toan tim bao déng chuyén tiép.

Trong mot sO trudng hop ta chi can xac dinh c6 hay khong mot duong di néi‘ gilra hai
dinh 1,j bat ki. Bay gio khoang cach gitra i, j 1a khong quan trong ma ta chi can biét 1,)
duoc noi véi nhau boi mdt canh, nguoc lai C[1,j]=0 (c6 nghia la false). Luc nay mang
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Ali,j] khong cho khoang cach ngan nhat gila 1, j ma no cho biét 1a c6 duong di tir i
dén j hay khong. A goi 1a bao dong chuyen tiép trong d6 thi G ¢6 biéu dién ma tran ké
1a C. Giai thuat tim bao dong chuyén tiép hay con goi giai thuat Warshall.

int Afn,n], C[n,n]; //A la bao d@éng chuyén tiép, C la ma trdn ké
void Warshall()
{
int i,j,k;
for (i=1; i<=n; i++)
for (i=1; j<=n; j++)
Afi-1,j-1] = C[i-1,j-1];
for (k=1; k<=n, k++)
for (i=1; i<=n; i++)
if(A[ik] !=0)
for (=1; j<=n; j++)
iftA[k] [j])
Alij] =1;
/
3. Bai toan tim cay bao trum toi thi€éu (minimum-cost spanning tree)

Gia sir ta c6 mot do thi vo huéng G = (V, E). Do thi G goi 1 lién théng néu ton tai
duong di gitra hai dinh bét ki. Bai toan tim cy bao trum ti thiéu (hodc cdy phu tdi
thiéu) 1a tim mot tap hop T chita cac canh cia mot do thi lién thong C sao cho V cung
vOi tap cac canh nay ciing la mot d6 thi lién thong, tirc 1a (V, T) la mot d6 thi lién
thong. Hon nira tong do dai cua cac canh trong T 1a nho nhat. Mot thé hién cua bai
toan nay trong thuc té 12 bai toan thiét 1ap mang truyen thong, & d6 céc dinh 1a cac
thanh phd con cac canh cia cdy bao tram 13 duong nbi mang giita cac thanh phé.

Gia stir G ¢6 n dinh duoc danh s6 tir 1..n. Giai thuat Prim dé giai bai toan nay nhur sau:
Y tuwéng
- Bit déu, tap khoi tao 1a U bang 1 dinh nao d6, dinh 1 chang han, U= {1}, T =
U.

- Sau @6 ta lap lai cho dén khi U = V, tai mdi budc lip ta chon canh nho nhét )
(u,v) sao chou €U, ve V-U. Thém v vao U va (u, v) vao T. Khi thuat giai két
thtic thi (U,T) 1a mdt cay phu toi tieu.

Mo ta thuat toan
o Input: G=(V,E)
e Output: T=(V, ?) la nhé nhat.
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o Khoi dong:

- Uc/lV
- T=(U,.) = Rong, //d6 thi rong
- U={l);

o Trong khi (U=V)

Tim canh (u,v) c6 trong s6 nhé nhdt véi ue U, ve V. Thém dinh v nay vao U,
thém (u,v) vao T

Cai dit
Pé tién hanh cai dit thuat toan, ta can mo ta dit liéu. Do thi c6 trong sb dugc bicu
dién thanh mot ma tran ké C[n,n].

Khi tim canh c6 trong s6 nho nhit ndi mot dinh trong U va mot dinh ngoai U tai
moi budc, ta dung hai mang dé luu trir:

- Mang closest[], v6i i e V\U thi closest[i]e U 1a dinh ké gan i nhét.
- Mang lowcost[i] luu trong s6 cua canh (i, closest[i])
- Mang daxet danh du dinh d3 duoc xét chua

Tai mdi budc ta duyét mang lowcost dé tim dinh closest[k] € U sao cho trong s6
(k, closest[k]) = lowcost[k] 12 nho nhét. Khi tim dugc, ta in canh (closest[k],k), cap
nhat vao cac mang closest va lowcost, va c6 k thém vao U. Khi ta tim dugc mot
dinh k cho cay bao trum, ta cho daxet[k] = DX la danh déu da xét.

#define VC 10000 //dinh nghia gia tri vé cung
#define DX 1 //dinh nghia gia tri khi dinh da dwoc xét

void Prim(int C[max][max])
{
double lowcost[Max];
int closest[Max],
int daxet[Max];
int i,j,k,Min;
//bdt ddu tir dinh s6 1
Sfor(i=2; i<=n, i++)
/
lowcost[i] = C[1][i];
closest[i] = 1;
daxet[i] = 0;
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/
for(i=2; i<=n; i++)
{
Min = lowcost[2];
k=2;
for(=3; j<=n; j++)
/
if(!daxet[j] && lowcost[j] < Min)
{
Min = lowcost[j];
k=j;

/
daxet[k] = DX;
//Khoi dong lai chosest[], lowcost[]
Jor(j=2; j<=n; j++)
if(c[k][j]<lowcost[j] && !daxet[j])
{
lowcost[j] = c[k][j];
closest[j] =k

/
Vi du: ap dung giai thuat Prim dé tim cay bao trum t6i thiéu cta db thi lién thong hinh
1.6

Hinh 1.6

Ma tran ké:
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1 2 3 4 5 6
1 0 6 1 5 \4¢ vC
2 6 0 5 vC 3 vC
3 1 5 0 5 6 4
4 5 vC 5 0 vC 2
5 vC 3 6 vC 0 6
6 vC vC 4 2 6 0

Khoi tao

Mang lowcost

2 3 4 S 6

Mang closest

2 3 4 5 6

1 1 1 1 1
Mang daxet

2 3 4 5 6

0 0 0 0 0

Budce 1: tim duge Min = 1, k = 3, mang lowcost va closest cap nhéat nhu sau:

Mang lowcost

2 3 4 5 6

Mang closest

2 3 4 5 6

3 1 1 3 3
Mang daxet

2 3 4 5 6

0 1 0 0 0

Buoc 2: tim dugc Min=4,k =6



Mang lowcost

2 3 4

5 1

\S)

Mang closest

2 3 4 5
3 1 6 3
Mang daxet
2 3 4 5
0 1 0 0

Budce 3: tim dugc Min=2,k =4

Mang lowcost

2 3 4

5 1 2

Mang closest

2 3 4 5
3 1 6 3
Mang daxet
2 3 4 5
0 1 1 0

Budc 4: tim dugc Min =5,k =2

Mang lowcost

2 3 4

5 1 2

Mang closest

2 3 4 5
3 1 6 2
Mang daxet
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2 3 4 5 6

1 1 1 0 1

Budc 5:timMin=3, k=15

Mang lowcost

2 3 4 5 6

5 1 2 3 4

Mang closest

2 3 4 5 6
3 1 6 2 3
Mang daxet
2 3 4 5 6
1 1 1 1 1
Bai tap
1. Viét biéu dién 46 thi 1.7 bang:
- Ma tran ké.

- Danbh sach cac dinh ké.

Hinh 1.7

2. Duyét do thi hinh 1.7 (xét cac dinh theo thir tw a,b,c...)

- Theo chiéu rong bat dau tir a.

- Theo chiéu siu bét dau tir f
3. Ap dung giai thuat Dijkstra cho do thi hinh 1.7, véi dinh nguén 1a a
4. Viét biéu dién d6 thi 1.8 bang:
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Hinh I8

- Ma tran ké.

- Danh sach céc dinh ké.

. Duyét d thi hinh 1.8 (xét cac dinh theo thir tw A,B,C...)
- Theo chiéu rong bét dau tir A.

- Theo chiéu sau bét dau tir B.

6. Ap dung giai thuat Dijkstra cho d6 thi hinh 1.8, v6i dinh ngudn 13 A.
7. Tim cay bao trim tdi thiéu cta d0 thi hinh .8 bang giai thuat Prim.

8. Cai dat dd thi co hudng bang ma tran ké roi viét cac giai thuat:

- Duyét theo chiéu rong.

- Duyét theo chiéu sau.

- Tim duodng di ngdn nhét tr mot dinh cho trude (Dijkstra).

. Cai dat d thi co6 hudng bang danh sach cac dinh ké roi viét cac giai thuat duyét theo

chiéu rong.
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