CHUONG 5
CAU TRUC DU LIEU CAY (TREE)
5.1- Dinh nghia va khai ni€ém
Cay 12 mOt tdp hdp hitu han céc node c6 cung chung mot ki€u dif liéu, trong d6 c6
mOt node ddc bi€t goi 1a node gbc (root). Gilra cic node c6 mOt quan hé phan cap goi la
“quan hé cha con”. C6 th€ dinh nghia mOt cich dé qui v€ ciy nhu sau:

MOt node 1a mOt cay. Node d6 ciing 1a gbc (root) cUa cdy ay.

Néu n 1a mOt node va Ty, Ty, . .., Ty 12 cdc ciy v&i ny, n,, . . , n, 1an 1lugt 1a gbc thi
mot cidy mGi T s€& dudc tao 1ap bang cich cho node n trd thanh cha cla cdc node
n;, n,, . ., 0 hay node n tr@ thanh gﬁc vaT,, T, .., Tk 1a cdc ciy con (subtree) cla

g0c.

Vi du: cau triic t0 chlc thu muc (directory) cUa dos 12 mOt cdu tric cAy.

Hinh 5.1- Vi du vé mét cdy thu muc

MOt cay dugc goi 1a rbng n€u né khong cé bat ky moOt node nao. SO cdc node con
cUa mét node dugc goi 1a cap (degree) cla node d6. Vi du: trong ciy 5.2 sau, cap cla
node A 12 3, cap clla node B 12 2, c@p clla node D 12 3, cdp cUa node H 1a 2.

5@
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Node c6 cap bang 0 dugc goi 1a 14 (leaf) hay node tén ciing (terminal node). Vi du:
cicnode E, F, C, G, [, J, K dugc goi la 14. Node khong 1a 14 dugc goi 1a node trung gian
hay node nhanh (branch node). Vi du node B, D, H 1a cic node nhéanh.

Cé&p cao nhat cla node trén ciy goi 1a cap cla cdy, trong truOng hgp ciy trong
hinh 5.2 cap cUa cay 1a 3.

GOc cla ciy c6 sO mUc 12 1. N€u node cha c6 s6 mUc 12 i thi node con c6 s6 mUc

1ai+1. Vidu gbc A ¢6 s6 mUc1a 1, D c6 sO mUc 14 2, G c6 s6 mUc 12 3, j ¢6 sO mUc 1a 4.

Chié€u cao (height) hay chi€u sau (depth) clla mOt ciy 1a s& mUc 16n nhat clia node

trén cy dé. Cay 5.2 c6 chi€u cao 1a 4.

DPuodng di tU node n; dén ny 1a ddy cic node n,, n,, . ., n, sao cho n; 12 node cha cUa
node n;,; (1<=i<k), d0 dai cla dudng di (path length) dugc tinh bang sO cdc node trén
duong di trlr di 1 vi né phai tinh tlr node bat ddu va node két thic. Vi du: trong ciy 5.2
duong di tU node A tGi node G 14 2, duGng di tU node A dén node K 1a 3.

MOt ciay dudc goi la ¢é th(r tu néu chiing ta xét dén th( tU' cic ciy con trong ciy
(ordered tree), ngudc 1ai 1a ciy khong c6 th( tU (unordered tree). Thong thuOng céc cay
con dUQgc tinh theo th( tu tU trdi sang phai.

5.2- Cay nhi phan

Cay nhi phan 12 m6t dang quan trong cUa cdu tric ciy c6 dac di€m 12 moi node
trén cay chi c6 tOi da 1a hai node con. Ciy con bén trdi cUa cAy nhi phan dugc goi 1a left
subtree, ciy con bén phdi cla ciy dudgc goi 1a right subtree. POi vi cAy nhi phin, bao gi®
citing dugc phan biét ciy con bén trai va ciy con bén phdi. Nhu vay, ciy nhi phan 1a mOt
ciy c6 th(r tu. Vi du trong hinh 5.3 d€u 1a c4c cdy nhi phan:
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Hinh 5.3 cdc cdy nhi phédn

Fi v

Céc cay nhi phan c6 dang ddc biét bao gbm:
Cay nhi phan 1€ch trai (hinh 5.4a): 1a ciy nhi phan chi ¢ cdc node bén trai.
Cay nhi phan 1€nh phai (hinh 5.4b): 12 ciy chi bao gOm céc node phai.

Cay nhi phan zic zac (hinh 5.4 ¢, 5.4d): node trdi va node phai cUa cdy dan xen nhau
thanh mOt hinh zic zac.

Cay nhi phan hoan chinh ( strictly binary tree: hinh 5.4e) : MOt ciy nhi phan dugc

g0i 12 hoan chinh n€u nhU node gOc va tat cd cic node trung gian déu c6 hai con.

Cay nhi phan day dU (complete binary tree : hinh 5.4f): MOt ciy nhi phan dugc goi
12 d@y dU vdi chiéu sau d thi né phdi la cAy nhi phan hoan chinh va tat cd cic node 14

déu c6 chiéu sau 1a d.
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Hinh 5.4a Hinh 5.4b Hinh 5.4c Hinh 5.4d

DD CaD .

Hinh 5.4 ¢ Hinh 5.4f
o) Lol

Cay nhi phan hoan toan cin bang (hinh 5.5): 13 ciy nhi phin ma & tat ca cic node
cUa n6 sO node trén nhdnh cAy con bén trdi va sO node trén nh4nh cdy con bén phai
chénh 1énh nhau khong qué 1. N€u ta g0i N, 12 sO node cUa nhénh ciy con bén trdi va
N, 12 s6 node cUa nhanh ciy con bén phai, khi d6 ciy nhi phan hoan toan c4n bang chi
c6 th€ & mot trong 3 truOng hop:

SO node nhanh ciy con bén trai bang sO node nhanh ciy con bén phai bang N, =
N, (hinh 5.5a).

SO node nhénh cy con bén trdi bang sO node nhanh ciy con bén phdi cOng 1
N1 = Nr+1(hinh 55b)

SO node nhénh ciy con bén trai bang s6 node nhanh cy con bén phdi trtr 1 N,
= N, (hinh 5.5¢).
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Hinh 5.5a Binh 5.5b Hinh 5.5¢

OO o)
~ ~
© JO3
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oJoNolo OROO
Cay nhi phan tim ki€m: 13 mOt cAy nhi phan hodc bi rOng hodc tat ca céc node trén

ciy thda man di€u kién sau:

NOi dung cUa tat cd cic node thuOc nhanh ciy con bén trai déu nhé hon ndi
dung cUa node gOc.

NOi dung cUa tat cd cdc node thubc nhanh ciy con bén phdi déu 16n hon ndi
dung cUa node gOc.

Cay con bén trai va cAy con bén phdi ciing tU nhién hinh thanh hai cay nhi phan
tim ki€m.

Hinh 5.6- vi du vé cdy nhi phan tim kiém

R
S
offolN oo %
S & od o

5.3.1- Bi€u di€n ciy nhi phan bang danh sich tuy€n tinh
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Trong truOng hgp ciy nhi phan day du, ta c6 th€ dé dang bi€u dién ciy nhi phan
bang mOt mang 1uu trit k€ ti€p. Trong d6 node gbc 1a phan tlr ddu tién cla mang (phan
t0 th(r 1), node con th(t i>=1 cUa cay nhi phan 13 phan tU th( 2i, 2i + 1 hay cha cUa node
th(r j 1a [j/2]. V&i qui tdc d6, ciy nhi phan c6 thE bi€u dién bang mbt vector V sao cho
n0i dung cUa node th( i dugc 1uu trt trong thanh phan V[i] cla vector V. Ngudc l1ai,
né€u biét dia chi cUa phan tU th( i trong vector V chiing ta cling hoan toan xdc dinh dugc
ngUdc 1ai dia chi cUa node cha, dia chi node gOc trong ciy nhi phan.

Vi du: ciy nhi phan trong hinh 5.7 s& dugc luu tr(r k€ ti€p nhu sau:

@ VIOl V[1] V[2] V[3] V[4] V[5] VI6]
TN 30 (25 |37 |22 |28 |35 |40

©

5 b

Hinh 5.7- Lutu trir ké ti€p cla cdy nhi phén

DOi v&i cay nhi phan khong day du, viée 1uu trit bang mang td ra khong hiéu qua
vi chiing ta phdi b0 tréng qua nhi€u phan tU gy lang phi b0 nhG nhU trong vi du sau:

Hinh 5.8- Luu trit ké tiép cUa cdy nhi phin khong day du

@ VIO]  VI1] VI2] V3] V[4] VI[5] VI6]
VAR 30 |25 |37 |22 35

o
s &

5.3.2- Bi€u di€én cay nhi phan bang danh sich méc néi

Trong cach Iuu tr(f ciy nhi phan bang danh sich méc ndi, mbi node dugc mé ta
bang ba loai thong tin chinh :
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left 13 mOt con tr@ trd t&i node bén trai cla ciy nhi phan; infor : 13 thong tin vé€
node, infor c6 th€ 13 mOt bi€n don hodc mdt cdu triic; right 13 mOt con trd trd t&i node
bén phadi cUa ciy nhi phan. Trong triOng hQp node 13 node 14 thi con tr0 left va con trd
right dugc trd téi con trd NULL. DOi v&i node 1&ch trdi, con tr right sé trd t&i con trd
NULL, nguoc lai d6i v&i node 1&ch phadi, con tro left ciing sé€ trd t&i con trd NULL. Cau
triic cUa mOt node dugc md ta trong hinh 5.9.

Hinh 5.9 mé ta mot node cUa cdy nhi phan.
Left Infor Right

Vi du: cdy nhi phan trong hinh 5.10 sé& dugc bi€u dién bang danh sich lién két

nhU sau:

Hinh 5.10: biéu dién cdy nhi phan bang danh sdch méc néi .

@ Left |30 Right
/ Left |25 NULL Left (37 NULL

NULL 22 NULL NULL 35 NULL

5.4- Cac thao tac trén ciy nhi phian
5.4.1- Pinh nghia cAy nhi phan bang danh sach tuy€n tinh

MO0i node trong cdy dudc khai bdo nhu mOt cdu tric gdm 3 trudng: infor, left,
right. Toan b0 ciy c6 th€ coi nhU mOt mang ma moOi phan t& cla né 1a mot node.
TruOng infor tOng quat c6 thé 1a mot dbi tuogng d{F liéu ki€u cd ban hodc mot cau tric.
Vi du: dinh nghia mOt cAy nhi phan luu tr(f danh sdch céc sO nguyén:

#define MAX 100
#define TRUE 1
#define FALSE 0

struct node {
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int infor;

int  left;
int  right;
I
typedef structnode node[MAX(];

5.4.2- Pinh nghia cay nhi phan theo danh sach lién két:
struct node {
nt infor;
struct node *left;

struct node *right;

}
typedef struct node *NODEPTR

5.4.3- Cac thao tac trén cay nhi phan
Cap phat b6 nhé cho mot node m&i clia cy nhi phan:
NODEPTR Getnode(void) {
NODEPTR  p;
p= (NODEPTR) malloc(sizeof(struct node));

return(p);

}
Gidi phéng node da dugc cap phat
void Freenode( NODEPTR p){

free(p);
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Kh@i dOng ciy nhi phan
void Initialize(NODEPTR *ptree){
*ptree=NULL;
}
Ki€m tra tinh rong cla ciy nhi phén:
int  Empty(NODEPTR *ptree){
if (*ptree==NULL)
return(TRUE);
return(FALSE);
}

Tao mot node 14 cho ciy nhi phan:

Cap phat b0 nhd cho node;
Gén gid tri thong tin thich h@p cho node;
Tao lién két cho node 14;

NODEPTR Makenode(int x){
NODEPTR p;
p= Getnode();// cap phat bd nh& cho node

p ->infor = x; // gén gid tri thong tin thich hgp

p ->left = NULL; // tao lién két trai cUa node 14
p->right = NULL;/ tao lién k€t phdi cUa node 14
return(p);

}

Tao node con bén trai cla cAy nhi phan:

P& tao dugc node con bén trdi 1a node 14 cla node p, chiing ta thuc hién nhu sau:
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Néu node p khong c6 thuc (p==NULL), ta khong th€ tao dugc node con bén trii

cUa node p;

Néu node p di c6 node con bén trdi (p->left!=NULL), thi chiing ta ciing khong thé

tao duQc node con bén trdi node p;

Néu node p chua c¢é node con bén trai, thi vi€c tao node con bén trdi chinh 13 thao

tdc make node da dugc xay dung nhu trén;
Hinh 5.11 s& minh hoa cho thao t4c tao node con X phia bén trdi cUa node D.
void Setleft(NODEPTR  p, int x ){
if (p==NULL){ // n€u node p khong c6 thuc thi khdng thé thuc hién dugc
printf(‘“\n Node p khong c6 thuc”);
delay(2000); return;
}
// n€u node p c6 thuc va ton tai 14 con bén tréi thi ciing khong thuc hién dugc
else if ( p ->left |=NULL){
printf(‘“\n Node p da c6 node con bén trai”);
delay(2000); return;
}
// n€u node c6 thuc va chua cé node trai
else

p ->left = Makenode(x);

(s)
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Hinh 5.11 mé ta thao tdc thém node con bén trdi cdy nhi phéan
Tao node con bén phai cla cAy nhi phan:

P& tao dugc node con bén phai 1a node 14 clia node p, ching ta 1am nhu sau:

Néu node p khong cé thuc (p==NULL), thi ta khong thé thuc hién dugc thao

tdc thém node 14 vao node phdi node p;

Néu node p c6 thuc (p!=NULL) va di c6 node con bén phdi thi thao tc ciing
khoéng thé thuc hién dugc;

Néu node p cé thuc va chua c6 node con bén phdi thi vi€c tao node con bén
phdi node p dugc thuc hi€én thong qua thao tdic Makenode();
Hinh 5.12 s& minh hQa cho thao t4c tao node con X phia bén phdi cla node E.
void Setright(NODEPTR  p, int x ){
if (p==NULL){ // Néu node p khdng c6 thuc
printf(‘“n Node p khong c6 thuc”);
delay(2000); return;
}
// Néu node p c6 thuc & di c6 node con bén phai
else if ( p ->right |=NULL){
printf(‘n Node p di c6 node con bén phdi”);
delay(2000); return;
}
// Néu node p c6 thuc & chua c6 node con bén phdi
else

p ->right = Makenode(x);
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Hinh 5.12 mé ta thao tdc thém node con bén phadi cdy nhi phan
Thao tac xoa node con bén trai cidy nhi phan
Thao tic loai bd node con bén trdi node p dugc thuc hi€n nhu sau:
Néu node p khong c6 thuc thi thao tdc khong thé thuc hién;
Néu node p c6 thuc (p==NULL) thi ki€m tra xem p c6 node 14 bén trdi hay
khong;
+ Né€u node p c6 thuc va p khdng c6 node 14 bén trdi thi thao tic ciing khong thé
thuc hién dugc;
+ Né€u node p c6 thuc (p!=NULL) va c¢é node con bén trdi 12 q thi:

- Néu node q khong phai 1a node 14 thi thao tic ciing khong thé thuc hién
dugc (g->left!=NULL Il g->right!=NULL);

- Néu node q 12 node 14 (q->left==NULL && g->right==NULL) thi:
Gidi phéng node q;
Thiét 1ap lién k€t mGi cho node p;
Thuét toan dugc th€ hién bang thao tac Delleft() nhu dudi day:
int Delleft(NODEPTR p) {
NODEPTR q; int x;

if (p==NULL)
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printf(‘“\n Node p khong c6 thuc”);delay(2000);
exit(0);

}

q = p ->left; / q 12 node can xo4;

X = g->infor; //x 12 ndi dung can xo4

if (q ==NULL){ // ki€m tra p c6 14 bén trai hay khong
printf(“\n Node p khong c6 14 bén trii”);
delay(2000); exit(0);

}

if (g->left!=NULL Il g->right!=NULL) {

// ki€m tra q c6 phai 14 node 14 hay khong
printf(“\n q khong 1a node 14”);
delay(2000); exit(0);

}

p ->left =NULL; // tao lién két mGi cho p

Freenode(q); // gidi phéng q

return(X);

}
Thao tic xo4 node con bén phai ciy nhi phan

Thao t4c loai bd node con bén phdi node p dugc thuc hién nhU sau:
Néu node p khong c6 thuc thi thao tic khong thé thuc hién;

Néu node p c6 thuc (p==NULL) thi ki€m tra xem p c6 node 14 bén phai hay
khong;
+ N€u node p c6 thuc va p khong c6 node 14 bén phdi thi thao tic ciing khong

thé€ thuc hién duoc;
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+ N€u node p c6 thuc (p!=NULL) va c¢6 node con bén phai la q thi:
- Né&u node q khong phai 1a node 14 thi thao tic ciing khong thé thuc hién
dugc (g->left!=NULL Il g->right!=NULL);

- Néu node q 12 node 14 (q->left==NULL && g->right==NULL) thi:
Gidi phéng node q;
Thiét 1ap lién k€t mGi cho node p;
Thudt todn dudgc thé hién bang thao tic Delright() nhu dudi day:
int  DelrighttNODEPTR p) {
NODEPTR q; int x;
if (p==NULL)
printf(‘“\n Node p khong c6 thuc”);delay(2000);
exit(0);
}
q = p ->right; // q 12 node can xo04;
X = g->infor; //x 12 ndi dung can xo4
if (q ==NULL){ // ki€m tra p c6 14 bén phai hay khong
printf(“\n Node p khong c6 14 bén phai”);
delay(2000); exit(0);
}
if (g->left!=NULL Il g->right!=NULL) {
// ki€m tra q c6 phai 14 node 14 hay khong
printf(“\n q khong 1a node 14”);

delay(2000); exit(0);
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p ->right =NULL; // tao lién két cho p
Freenode(q); // gidi phéng q
return(x);
}
Thao tac tim node c6 n@i dung 1a x trén ciAy nhi phan:

PE tim node ¢6 ndi dung 12 x trén cdy nhi phan, chiing ta c6 th€ xay dung bang thU
tuc dé qui nhu sau:

Néu node gbc (proot) c6 ndi dung 1a x thi proot chinh la node can tim;
Né&u proot =NULL thi khong c6 node nao trong ciy c6 nli dung 13 x;
Néu ndi dung node gbc khic x (proot->infor!=x) va proot!=NULL thi:
Tim node theo nhdnh cdy con bén trdi (proot = proot->left);
Tim theo nhdnh cAy con bén phai;
Thudt todn tim mOt node c6 ndi dung 12 x trong cdy nhi phan dugc thé hién nhu sau:
NODEPTR Search( NODEPTR proot, int x) {
NODEPTR p;
if ( proot ->infor ==x) // di€u kién ding
return(proot);
if (proot ==NULL)
return(NULL);
p = Search(proot->left, x); / tim trong nhdnh con bén trai
if (p ==NULL) // Tim trong nhdnh con bén phai
Search(proot->right, x);

return(p);
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5.5- Ba phép duy@t cay nhi phan (Traversing Binary Tree)

Phép duyét cay 1a phuong phdp thim (visit) cdc node mOt céch cé hé thdng sao cho
mOi node chi dugc thim mot 1an. C6 ba phuong phép d€ duyét cdy nhj phan dé6 1a :

Duyét theo thU tu truéc (Preorder Travesal);
Duyét theo th( tu gilta (Inorder Travesal);

Duyét theo th( tu' sau (Postorder Travesal).

Hinh 5.13 mé ta phuwong phdp duyét ciy nhi phan

5.5.1- Duyét theo tht tu trudc (Preorder Travesal)
Né&u cay rOng thi khong lam gi;
Né&u cay khong rOng thi :
+ Thim node gOc cUa cay;
+ Duyét ciy con bén trdi theo th( tu trudc;
+ Duyét cdy con bén phai theo th( tu truGc;

Vi du : v6i ciy trong hinh 5.13 thi phép duyét Preorder cho ta k€t qud duyét theo
tht tu cdc node la:A->B ->D->E->C->F->G.

V@i cach duyét theo th(r tu trudc, chiing ta ¢ thé cai dat cho ciy duoc dinh nghia
trong muc 5.4 bang mOt thu tuc dé qui nhu sau:

void Pretravese ( NODEPTR proot ) {

if ( proot !=NULL) { // n€u ciy khong rOng

208



printf(“%d”, proot->infor); // duyét node gbc
Pretravese(proot ->left); / duy€t nhanh ciy con bén trai

Pretravese(proot ->right); / Duyét nhdnh con bén phai

}
5.5.2- Duyét theo thtr tu gilra (Inorder Travesal)

Né&u ciy rOng thi khong lam gi;

Né&u cay khong rOng thi :
+ Duyét cdy con bén trdi theo th( tu gilra;
+ Thim node gOc cUa cdy;
+ Duyét ciy con bén phai theo th(r tu gilra;

Vi du : cdy trong hinh 5.13 thi phép duyé&t Inorder cho ta k€t qud duyét theo th(r
tUcicnodela:D->B->E->A->F->C->G.

Vi cich duyét theo th(r tu gilra, ching ta c¢6 th€ cai dat cho cdy duoc dinh nghia
trong muc 5.4 bang mot thu tuc dé qui nhu sau:

void Intravese ( NODEPTR proot ) {
if ( proot !=NULL) { // n€u ciy khong rOng
Intravese(proot ->left); // duyét nhanh cy con bén trdi
printf(*“%d”, proot->infor); // duyét node gbc

Intravese(proot ->right); // Duyét nhanh con bén phai

}

5.5.3- Duyét theo tht tu sau (Postorder Travesal)

Né&u cay rOng thi khong lam gi;
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Néu cay khong rOng thi :
+ Duyét cdy con bén tréi theo th( tu sau;
+ Duyét ciy con bén phdi theo th(f tU sau;
+ Thim node gOc cUa cay;

Vi du: cay trong hinh 5.13 thi phép duyét Postorder cho ta k€t qud duyét theo th(r
tUcicnodela:D->E->B->F->G->C->A.

V@i cach duyét theo th(¥ tu gi(ra, chiing ta c6 th€ cai dat cho cAy dugc dinh nghia
trong muc 5.4 bang mOt thu tuc dé qui nhu sau:

void Posttravese ( NODEPTR proot ) {
if ( proot !=NULL) { // n€u ciy khong rOng
Posttravese(proot ->left); // duy€t nhanh ciy con bén trdi
Posttravese(proot ->right); // duyét nhanh con bén phai

printf(“%d”, proot->infor); // duyét node gbc

}
5.6- Cai dat cay nhi phan bang danh siach tuyén tinh

#include <stdio.h>
#include <stdlib.h>

#include <conio.h>
#include <alloc.h>
#include <string.h>

#include <dos.h>
#define TRUE 1

#define FALSE 0
#define MAX 100
typedef struct {

int infor;
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int left;
int right;
} nodetype;
nodetype node[MAX]; int avail;
int Getnode(void) {
int p;
if (avail==-1){
printf("\n Het node danh san");
return(avail);
}
p=avail;

avail=node[avail].left;// Gan gia tri NULL cho node la be trai. Vi chung ta dang
duyet cay theo Phuong phap tuyen tinh nen se la cay nhi phan day du va duyet ben trai
truoc ;

return(p);

}

void Freenode (int p){
node[p].left=avail;
avail=p;

}

void Initialize(int *ptree){
*ptree=-1;

}

int Empty(int *ptree){
if(*ptree==-1)

return(TRUE);
return(FALSE);
}
int Makenode(int x){

int p;

211



p=Getnode(); // ket qua cua cau lenh nay la no se tra lai cho p gia tri cua avail
Gia tri cua p trong bai la gia tri 0 vi ta co tai ham main avail = 0;
/*int Getnode(void) {

int p;
if (avail= =-1){
printf("\n Het node danh san");
return(avail);

}

p=avail;

avail=node[avail].left;// Gan gia tri NULL cho node la be trai. Vi chung ta dang
duyet cay theo Phuong phap tuyen tinh nen se la cay nhi phan day du va duyet ben trai
truoc ;

return(p);

*/
node[p].infor = x;// gan gia tri x 1a noi dung cho node dau tien hay chinh la node goc
node[p].left=-1;
node[p].right=-1;

return(p);// p o day la thu tu ma node cua node goc luc nay noi dung cua node goc co
gia trila x.

}
void Setleft(int p, int X){
if (p==-1)
printf("\n Node p Khong co thuc");
else {
if (node[p].left!=-1)
printf("\n Nut p da co ben trai");
else

node[p].left=Makenode(x);
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delay(2000);
}
void Setright(int p, int x){
if (p==-1)
printf("\n Node p Khong co thuc");
else {
if (node[p].right!=-1)
printf("\n Nut p da co ben phai");
else
node[p].right=Makenode(x);
}
delay(2000);
}
int Delleft(int p){
int g, X;
if (p ==-1){
printf("\n Node p khong co thuc");
delay(2000);return(-1);

else {
g=node[p].left;
x=node[q].infor;
if (q==-1){
printf("\n Node p khong co nut trai");
delay(2000);return(q);
}
else if (node[q].left!=-1 Il node[q].right!=-1){
printf("\n Q khong la node 1a");
delay(2000); return(-1);
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}
node[p].left=-1;

Freenode(q);return(x);
}
int Delright (int p){
int g, X;
if (p ==-1){
printf("\n Node p khong co thuc");
delay(2000);return(-1);

else {
g=node[p].right;
x=node[q].infor;
if (q==-1){
printf("\n Node p khong co nut trai");
delay(2000);return(q);
}
else if (node[q].left!=-1 Il node[q].right!=-1){
printf("\n Q khong la node Ia");
delay(2000); return(-1);

}
node[p].right=-1;
Freenode(q);return(x);
}
void Pretrav(int proot){
if (proot!=-1){
printf("%5d" ,node[proot].infor);
Pretrav(node[proot].left);
Pretrav(node[proot].right);
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}

void Intrav(int proot){
if (proot!=-1){
Intrav(node[proot].left);
printf("\n %d", node[proot].left);
Intrav(node[proot].right);

}

void Postrav(int proot){
if (proot!=-1){
Postrav(node[proot].left);
Postrav(node[proot].right);
printf("\n %d", node[proot].left);

}

int Search(int proot, int x){
int p;
if(node[proot].infor==x) // dieu kien dung
return(proot);
if(proot==-1) // Khong co nut co noi dung la x
return(-1);
p= Search(node[proot].left,x);// tim kiem cac cay con ben trai
if(p==-1)
p= Search(node[proot].right,x);// tim kiem cac cay con ben phai
return(p);
}
void Cleartree(int proot){
if (proot!=-1){
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Cleartree(node[proot].left);
Cleartree(node[proot].right);

Freenode(proot);

}
void main(void ){

int 1, noidung, noidung1,chucnang, p, ptree;

char c; clrscr();avail=0;

for (1i=0; i<MAX; i++)
node|[1].left=1+1;

node[MAX-1].left=-1;

Initialize(&ptree);

do {
clrscr();
printf("\n CAY NHI PHAN");
printf("\n 1- Tao node goc cua cay");
printf("\n 2- Them mot nut la ben trai");
printf("\n 3- Them mot nut la ben phai");
printf("\n 4- Xoa mot nut la ben trai");
printf("\n 5- Xoa mot nut la ben phai");
printf("\n 6- Duyet cay theo thu tu truoc");
printf("\n 7- Duyet cay theo thu tu giua");
printf("\n 8- Duyet cay theo thu tu sau");
printf("\n 9- Tim kiem tren cay");
printf("\n10- Xoa toan bo cay");
printf("\n 0- Ket thuc chuong trinh");
printf("\n Chuc nang lua chon:");scanf("%d", &chucnang);
switch(chucnang){

case 1:

if ('Empty(&ptree))
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printf("\n Cay da co node goc");
else {

printf("\n Noi dung node goc:");

scanf("%d",&noidung);

ptree = Makenode(noidung);// ptree chinh la noid dung
cua node goc

}
delay(1000); break;

case 2:
if (Empty(&ptree))
printf("\n Cay chua co goc");
else {
printf("\n Node la can them:");
scanf("%d",&noidung);

p= Search(ptree,noidung);// muc dich cua ham nay o day
la de xem nut them vao co trung voi node goc khong

/*int Search(int proot, int x){
int p;
if(node[proot].infor==x) // dieu kien dung
return(proot);// o day p se khac -1;
if(proot==-1) // ton tai cay rong
return(-1);
p= Search(node[proot].left,x);
if(p==-1)
p= Search(node[proot].right,x);

return(p);

i if(p!=-1)
printf("\n Noi dung bi trung");
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else {
printf("\n Noi dung node cha:");
scanf("%d",&noidung1);

p=Search(ptree,noidung1);// muc dich cua ham
nay la xem no co thoa man dieu kien la node co cay ben trai khong

if(p==-1)
printf("\n Khong thay node cha");
else

Setleft(p,noidung);

/* void Setleft(int p, int x){
if (p==-1)
printf("\n Node p Khong co thuc");
else {
if (node[p].left!=-1)
printf("\n Nut p da co ben trai");
else
node[p].left=Makenode(x);
}
delay(2000);
)/

}
delay(2000);break;

case 3:
if (Empty(&ptree))
printf("\n Cay chua co goc");
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else {
printf("\n Node la can them:");
scanf("%d",&noidung);
p=Search(ptree,noidung);
if(p!=-1)
printf("\n Noi dung bi trung");
else {
printf("\n Noi dung node cha:");
scanf("%d",&noidungl);
p=Search(ptree,noidung]);
if(p==-1)
printf("\n Khong thay node cha");
else

Setright(p,noidung);

/* void Setright(int p, int x){
if (p==-1)
printf("\n Node p Khong co thuc");
else {
if (node[p].right!=-1)
printf("\n Nut p da co ben phai");

else
node[p].right=Makenode(x);
}
delay(2000);
}
*/
}
}
delay(2000);break;

219



case 4:
printf("\n Noi dung node cha:");
scanf("%d",&noidung);
p=Search(ptree, noidung);
if(p==-1)
printf("\n Khong thay node cha");
else
Delleft(p);
/* int Delleft(int p){
int q, X;
if (p ==-1){
printf("\n Node p khong co thuc");
delay(2000);return(-1);
}// chu y khi cho p = -1 tuong duong voi viec cho p bang gia tri NULL
else {
g=node[p].left;

x=node[q].infor;

if (g==-1){
printf("\n Node p khong co nut trai");
delay(2000);return(q);

}

else if (node[q].left!=-1 Il node[q].right!=-1){
printf("\n Q khong la node 1a");
delay(2000); return(-1);

}
node[p].left=-1;// Dua node con ben trai cua node p ve dang NULL

Freenode(q);return(x);// Giai phong gia tri cua node con q
¥
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delay(2000); break;
case 5:
printf("\n Noi dung node cha:");
scanf("%d",&noidung);
p=Search(ptree, noidung);
if(p==-1)
printf("\n Khong thay node cha");

else
Delright(p);
/* int Delright (int p){
int g, X;
if (p ==-1){

printf("\n Node p khong co thuc");
delay(2000);return(-1);

}
else {
g=node[p].right;
x=node[q].infor;
if (q==-1){
printf("\n Node p khong co nut trai");
delay(2000);return(q);
}
else if (node[q].left!=-1 Il node[q].right!=-1){
printf("\n Q khong la node 1a");
delay(2000); return(-1);
}
}

node[p].right=-1;

Freenode(q);return(x);
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*/
delay(2000); break;
case 6:
printf("\n Duyet cay theo NLR:\n");
if(Empty(&ptree))
printf("Cay bi rong");
else
Pretrav(ptree);
/* void Pretrav(int proot){
if (proot!=-1){
printf("%5d" ,node[proot].infor);// ham nay dung de xac dinh nude goc

Pretrav(node[proot].left);// duyet cay con ben trai xem node con ben trai cua
node goc vua tim duoc la node go ¢ va tuong tu nhu the doi voi cac node con cua node con
nay

Pretrav(node[proot].right);// duyet cay con ben phai, xem node con ben phai
cua node goc vua tim duoc la node va tuong tu nhu the doi voi cac node con cua node co do

}

*/
delay(2000);break;
case 7:
printf("\n Duyet cay theo LNR:\n");
if(Empty(&ptree))
printf("Cay bi rong");
else
Intrav(ptree);
/* void Intrav(int proot){

if (proot!=-1){
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Intrav(node[proot].left);
printf("\n %d", node[proot].infor);
Intrav(node[proot].right);

*/
delay(2000);break;
case 8:
printf("\n Duyet cay theo LRN:\n");
if(Empty(&ptree))
printf("Cay bi rong");
else
Postrav(ptree);
delay(2000);break;
case 9:
printf("\n Noi dung can tim:");
scanf("%d",&noidung);
if(Search(ptree,noidung)!=-1)
printf("\n Tim thay");
else
printf("\n Khong tim thay");
delay(2000);break;
case 10:
Cleartree(ptree);
printf("OK ! I:");
delay(2000);break;
}
} while (chucnang!=0);

Cleartree(ptree); ptree=-1;
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5.7- Cai dat cay nhi phan hoan toan cin bang bang link list
Vi cay nhi phan hoan toan cin bang c6 sO node nhanh cy con bén trdi va s6 node
nhanh ciy con bén phdi chénh 1€nh nhau khong qué 1, nén ching ta dinh nghia thém mot
truOng 12 sonut d€ chi s node trén c4c nhanh cay:
Pinh nghia ciy nhi phan hoan toan cin bang
struct node  {
int infor;
Int sonut;
struct node *left;
struct node *right;
b
typedef struct node *NODEPTR;
Thao tac chén mot node (Insrertion Node )
Cic thao tic khac v&i ciy nhi phan hoan toan cin bang ciing giOng nhu ciy nhi
phan. Riéng thao tdc thém node vao cdy nhi phan hoan toan cin bang sao cho ciy van ddm
bdo tinh cin cin bang, chiing ta coi node mdi thém vao s€ 1a node 14, node cha cUa node
mdi c6 sonut 12 1 hodc 2 va dugc diéu khién nhu sau:
Xét con trd p tai gbc cla cdy néu: p -> sonode > 2 thi cho p di xubng: n€u p la
1é cho p qua nhénh trdi p=p->left. Néu p->sonut 13 chan cho p qua nhanh phai:
p = p->right
Né&u p->sonut =1 : thém node mdi 13 niit con bén trdi cla p
Né&u p->sonut =2 : thém node mdi 12 niit con bén phdi cla p
Giai thudt thém node vao ciy nhi phan hoan toan day dU dugc th€ hién nhu sau:
/* Thém node x vao cdy nhi phan hoan toan cAn bang*/
void Insert(NODEPTR proot, int x){
NODEPTR p;
p=proot;
while(p->sonut!=1 && p->sonut!=2){
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if(p->sonut%2==1){
p->sonut++;
p=p->left;

}

else {
p->sonut++;

p= p->right;

}

if (p->sonut==1){
p->sonut++;
Setleft(p,x);

}

else {
p->sonut++;

Setright(p,x);

}
Chuong trinh cai dat cdy nhi phan hoan toan can bang dugc th€ hién nhu sau:

#include <stdio.h>
#include <stdlib.h>
#include <conio.h>
#include <alloc.h>

#include <string.h>

#include <dos.h>

#define TRUE 1

#define FALSE 0
#define MAX 100
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struct node  {
int infor;
int sonut;
struct node *left;
struct node *right;

b

typedef struct node *NODEPTR;

NODEPTR Getnode(void){
NODEPTR p;
p=(NODEPTR)malloc(sizeof(struct node));
return(p);

}

void Freenode(NODEPTR p){
free(p);

}
void Initialize(NODEPTR *ptree){

*ptree=NULL;

}

NODEPTR Makenode(int x){
NODEPTR p;
p=Getnode();
p->infor=x;
p->sonut=1;
p->left=NULL;
p->right=NULL;
return(p);

}

void Setleft(NODEPTR p, int x){
if (p==NULL)

printf("\n Node p khong co thuc");
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else {
if (p->left!'=NULL)
printf("\n Node con ben trai da ton tai");
else
p->left=Makenode(x);

}
delay(2000);

}
void Setright(NODEPTR p, int x){
if (p==NULL)
printf("\n Node p khong co thuc");
else {
if (p->right!=NULL)
printf("\n Node con ben phai da ton tai");
else
p->right=Makenode(x);
}
delay(2000);
}
void Pretrav(NODEPTR proot){
if (proot!=NULL){
printf("%5d", proot->infor);
Pretrav(proot->left);

Pretrav(proot->right);

}
void Intrav(NODEPTR proot){

if (proot!=NULL){
Intrav(proot->left);

printf("%5d", proot->infor);
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Intrav(proot->right);

}
void Postrav(NODEPTR proot){

if (proot!=NULL){
Postrav(proot->left);
Postrav(proot->right);
printf("%5d", proot->infor);

}

}

void Insert(NODEPTR proot, int x){
NODEPTR p;
p=proot;

while(p->sonut!=1 && p->sonut!=2){
if(p->sonut%2==1){

p->sonut++;

p=p->left;
}
else {
p->sonut++;
p= p->right;
}

}

if (p->sonut==1){
p->sonut++;
Setleft(p,x);

}

else {
p->sonut++;

Setright(p,x);
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}
NODEPTR Search(NODEPTR proot, int x){

NODEPTR p;
if (proot->infor==x)
return(proot);
if(proot==NULL)
return(NULL);
p= Search(proot->left,x);
if (p==FALSE)
p=Search(proot,x);
return(p);
}
void Cleartree(NODEPTR proot){
if(proot!=NULL){
Cleartree(proot->left);
Cleartree(proot->right);

Freenode(proot);

}
void main(void){
NODEPTR ptree, p;
int noidung, chucnang;
Initialize(&ptree);
do {
clrscr();
printf("\n CAY HOAN TOAN CAN BANG");
printf("\n 1-Them nut tren cay");
printf("\n 2-Duyet cay theo NLR");
printf("\n 3-Duyet cay theo LNR");
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printf("\n 4-Duyet cay theo LRN");
printf("\n 5-Tim kiem tren cay");
printf("\n 6-Loai bo toan bo cay");
printf("\n 0-Thoat khoi chuong trinh");
printf("\n Lua chon chuc nang:");
scanf("%d", &chucnang);
switch(chucnang){
case 1:
printf("\n Noi dung nut moi:");
scanf("%d",&noidung);
if(ptree==NULL)
ptree=Makenode(noidung);
else
Insert(ptree,noidung);
break;
case 2:
printf("\n Duyet cay theo NLR");
if(ptree==FALSE)
printf("\n Cay rong");
else
Pretrav(ptree);
break;
case 3:
printf("\n Duyet cay theo LNR");
if(ptree==FALSE)
printf("\n Cay rong");
else
Intrav(ptree);
break;

case 4:
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printf("\n Duyet cay theo NRN");

if(ptree==FALSE)
printf("\n Cay rong");

else
Postrav(ptree);

break;

case 5:

printf("\n Noi dung can tim:");

scanf("%d",&noidung);

if(Search(ptree,noidung))
printf("\n Tim thay");

else
printf("\n Khong tim thay");

break;

case 6:
Cleartree(ptree);break;
}
delay(1000);
} while(chucnang!=0);
Cleartree(ptree); ptree=NULL;

}
5.8- Cai dat cay nhi phan tim ki€m bang link list

Vi ciy nhi phan tim ki€m 12 mOt dang ddc bi€t cla ciy nén cdc thao tic nhu thiét
14p ciy, duy@t cdy van nhU cdy nhi phin thong thudng riéng, cdc thao tic tim ki€m , thém
node va loai bd node cé thé dugc thuc hién nhu sau:

Thao tac tim ki€m node (Search): Gia s( ta can tim ki€m node c6 gid tri x trén

cay nhi phan tim ki€m, trudc hét ta bat dau tir gbc:
Néu cay rbng: phép tim ki€m khong thod man;

Néu x triing v&i khod gOc: phép tim ki€m thod man;
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Néu X nhd hon khod gOc thi tim sang ciy bén trai;
Néu X 16n hon kho4 gOc thi tim sang cAy bén phai;
NODEPTR Search( NODEPTR proot, int x){
NODEPTR p; p=proot;
if ( p!=NULL){
if (x <p->infor)
Search(proot->left, x);
if (x >p->infor)
Search(proot->right, x);

}

return(p);

}

Thao tac chén thém node (Insert): d€ thém node x vao ciy nhi phan tim ki€m, ta thuc
hién nhu sau:
Né€u x triing v&i gOc thi khong th€ thém node
Néu x < gbc va chua cé 14 con bén trdi thi thuc hién thém node vao nhinh bén
trai.
Néu x > gbc va chua cé 14 con bén phai thi thuc hién thém node vao nhdnh bén
phai.
void InserttNODEPTR proot, int x){
if (x==proot->infor){
printf("\n Noi dung b1 trung");
delay(2000);return;

}
else if(x<proot->infor && proot->left==NULL){

Setleft(proot,x);return;
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}
else if (x>proot->infor && proot->right==NULL){

Setright(proot,x);return;
}
else if(x<proot->infor)
Insert(proot->left,x);
else Insert(proot->right,x);
}
+Thao tac loai bd node (Remove): Viéc xod node trén ciy nhi phan tim ki€m kha phUc
tap. Vi sau khi xod node, chiing ta phdi di€u chinh Iai ciy d€ né van la ciy nhi phan tim
ki€m. Khi x04 node trén cAy nhi phan tim ki€m thi node can xo4 bd c6 th€ 3 mot trong 3
truOng hQp sau:

Truong hop 1: néu node p can xod 12 node 14 hodc node goc thi viéc loai bd dugc thuc
hién ngay.

Truong hop 2: n€u node p can xo04 c6 mét ciy con thi ta phdi 18y node con cUa node p
thay thé cho p.

Truong hop 3: node p can xo4 c6 hai cdy con. NEu node can xo4 & phia ciy con bén trai
thi node bén trai nhat sé dugc chon 1am node thé mang, n€u node can xo4 & phia ciy con
bén phdi thi node bén phai nhat sé& dugc chon 1am node thé mang. Thudt todn loai bo
node trén cdy nhi phan tim ki€ém dugc th€ hién nhu sau:
NODEPTR Remove(NODEPTR p){
NODEPTR rp,f;
if(p==NULL){
printf("\n Nut p khong co thuc");
delay(2000);return(p);
}
if(p->right==NULL)
rp=p->left;
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}

else {
if (p->left==NULL)

rp = p->right;
else {
f=p;
rp=p->right;
while(rp->left!=NULL){
f=rp;
rp=rp->left;
}
if(f!=p){
f->left =rp->right;
rp->right = p->right;
rp->left=p->left;
}
else
rp->left = p->left;
}
}
Freenode(p);
return(rp);

Cai dat cac thao tac trén cay nhi phan tim ki€m

#include
#include
#include
#include
#include

#include

<stdio.h>
<stdlib.h>
<conio.h>
<alloc.h>
<string.h>

<dos.h>
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#define TRUE 1
#define FALSE 0
#define MAX 100
struct node  {
int infor;
struct node *left;
struct node *right;
b
typedef struct node *NODEPTR;
NODEPTR Getnode(void){
NODEPTR p;
p=(NODEPTR )malloc(sizeof(struct node));
return(p);
}
void Freenode(NODEPTR p){
free(p);

}
void Initialize(NODEPTR *ptree){

*ptree=NULL;

}

NODEPTR Makenode(int x){
NODEPTR p;
p=Getnode();
p->infor=x;
p->left=NULL,;
p->right=NULL;
return(p);

}

void Setleft(NODEPTR p, int x){
if (p==NULL)
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printf("\n Node p khong co thuc");
else {
if (p->left!=NULL)
printf("\n Node con ben trai da ton tai");
else

p->left=Makenode(x);

}
void Setright(NODEPTR p, int x){

if (p==NULL)
printf("\n Node p khong co thuc");
else {
if (p->right!=NULL)
printf("\n Node con ben phai da ton tai");
else

p->right=Makenode(x);

}
void Pretrav(NODEPTR proot){

if (proot!=NULL){
printf("%5d", proot->infor);
Pretrav(proot->left);

Pretrav(proot->right);

}
void Intrav(NODEPTR proot){

if (proot!=NULL){
Intrav(proot->left);
printf("%5d", proot->infor);
Intrav(proot->right);
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}
void Postrav(NODEPTR proot){

if (proot!=NULL){
Postrav(proot->left);
Postrav(proot->right);
printf("%5d", proot->infor);

}
void Insert(NODEPTR proot, int x){

if (x==proot->infor){
printf("\n Noi dung bi trung");
delay(2000);return;
}
else if(x<proot->infor && proot->left==NULL){
Setleft(proot,x);return;
}
else if (x>proot->infor && proot->right==NULL){
Setright(proot,x);return;
}
else if(x<proot->infor)
Insert(proot->left,x);
else Insert(proot->right,x);
}
NODEPTR Search(NODEPTR proot, int x){
NODEPTR p;p=proot;
if (p!=NULL) {
if (x <proot->infor)
p=Search(proot->left,x);

else if(x>proot->infor)
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p=Search(proot->right,x);
}
return(p);
}
NODEPTR Remove(NODEPTR p){
NODEPTR rp.f;
if(p==NULL){
printf("\n Nut p khong co thuc");
delay(2000);return(p);
}
if(p->right==NULL)
rp=p->left;
else {
if (p->left==NULL)
rp = p->right;
else {
f=p;
rp=p->right;
while(rp->left!=NULL){
f=rp;
rp=rp->left;
}
if(f!=p){
f->left =rp->right;
rp->right = p->right;
rp->left=p->left;

else

rp->left = p->left;
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}
Freenode(p);

return(rp);
}
void Cleartree(NODEPTR proot){
if(proot!=NULL){
Cleartree(proot->left);
Cleartree(proot->right);

Freenode(proot);

}
void main(void){
NODEPTR ptree, p;
int noidung, chucnang;
Initialize(&ptree);
do {
clrscr();
printf("\n CAY NHI PHAN TIM KIEM");
printf("\n 1-Them nut tren cay");
printf("\n 2-Xoa node goc");
printf("\n 3-Xoa node con ben trai");
printf("\n 4-Xoa node con ben phai");
printf("\n 5-Xoa toan bo cay");
printf("\n 6-Duyet cay theo NLR");
printf("\n 7-Duyet cay theo LNR");
printf("\n 8-Duyet cay theo LRN");
printf("\n 9-Tim kiem tren cay");
printf("\n 0-Thoat khoi chuong trinh");
printf("\n Lua chon chuc nang:");

scanf("%d", &chucnang);
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switch(chucnang){
case 1:
printf("\n Noi dung nut moi:");
scanf("%d",&noidung);
if(ptree==NULL)
ptree=Makenode(noidung);
else
Insert(ptree,noidung);
break;
case 2:
if (ptree==NULL)
printf("\n Cay bi rong");
else
ptree=Remove(ptree);
break;
case 3:
printf("\n Noi dung node cha:");
scanf("%d", &noidung);
p=Search(ptree,noidung);
if (p!=NULL)
p->left = Remove(p->left);
else
printf("\n Khong co node cha");
break;
case 4:
printf("\n Noi dung node cha:");
scanf("%d", &noidung);
p=Search(ptree,noidung);
if (p!=NULL)
p->right = Remove(p->right);
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else
printf("\n Khong co node cha");
break;
case 5:
Cleartree(ptree);
break;
case 6:
printf("\n Duyet cay theo NLR");
if(ptree==NULL)
printf("\n Cay rong");
else
Pretrav(ptree);
break;
case 7:
printf("\n Duyet cay theo LNR");
if(ptree==NULL)
printf("\n Cay rong");
else
Intrav(ptree);
break;
case 8:
printf("\n Duyet cay theo NRN");
if(ptree==NULL)
printf("\n Cay rong");
else
Postrav(ptree);
break;
case 9:
printf("\n Noi dung can tim:");

scanf("%d",&noidung);

241



if(Search(ptree,noidung))
printf("\n Tim thay");
else
printf("\n Khong tim thay");
break;
}
delay(1000);
} while(chucnang!=0);
Cleartree(ptree); ptree=NULL;
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5.1.

5.2.

5.3.

5.4.

BAI TAP CHUONG 5

MOt ciy nhi phan dugc goi la cAy nhi phan ding n€u node gbc cla ciy va cc node
trung gian d€u c6 hai node con (ngoai trlf node 14). ChUng minh rang, n€u ciy nhi
phan diing c6 n node 14 thi cAy nay c6 tat cd 2n-1 node. Hiy tao 1ap mOt ciy nhi
phan bat ky, sau d6 ki€m tra xem né€u ciy khong phai la cAy nhi phan diing hay tim
cdch b0 sung vao mOt sO node d€ ciy trd thanh ciy hoan toan ding. Lam tuong tu
nhU trén v&i thao tac loai bé node.

MOt cAy nhi phan dugc goi 1a cAy nhi phan day vGi chi€u sau d (d nguyén duong)
khi va chi khi  mlc i (0 i d) cdy c6 ding 2' node. Hay viét chuong trinh ki€m
tra xem mOt ciy nhi phan c6 phai 12 mOt ciy day hay khong? N&u cay chua phdi 1a
cay nhi phan day, hiy tim cdch b6 xung mOt s6 node vio ciy nhi phan d€ né trd
thanh cay nhi phan day.

MOt ciy nhi phan dugc goi 1a ciy nhi phan gan day véi d6 sau d néu v&i moi
mlci(0 i d-1) né c6 ding 2! node. Cho cdy nhi phan bat ky, hiy ki€m tra xem
né c6 phai 1a cdy nhi phan gan day hay khong ?

Hay xdy dung céc thao tdc sau trén ciy nhi phan:

- Tao lap ciy nhi phan;

- Pé&m s6 node cUa ciy nhi phan;

- Xdc dinh chiéu sau cla ciy nhi phén;

- Xdc dinh sO node 14 cUa cy nhi phan;

- Xdc dinh s0 node trung gian cUa cdy nhi phan;

- Xdc dinh s0 node trong tUng mUc cUa ciy nhi phén;
- Xay dung tap thao tic tuong tU nhu trén d6i v&i cdc nhanh ciy con;
- Thém mOt node vao node phadi clla mOt node;

- Thém node vao node trdi clla mOt node;

- Loai b0 node phai clla mOt node;

- Loai bd node trai cUa mOt node;

- Loai b0 ca cay;

- Duyét cy theo th(r ty trudc;

- Duyét cy theo th(r gilra;
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- Duyét cay theo th(r tu sau;

5.5. Cho file dit liéu cay.in dugc t6 chiic thanh tUng dong, trén mOi dong ghi 1ai mOt tur
12 ni dung node clla mét ciy nhi phan tim ki€m. Hay xdy dung cic thao tic sau cho cay
nhj phan tim ki€m:

Tao 1ap ciy nhi phan tim ki€m vGi node goc 1a tUr dau tién trong file dt li€u cay.in.

- Xdc dinh s0 node trén ciy nhi phan tim ki€ém;
- Xéc dinh chi€u siu cUa cAy nhj phan tim ki€m;
- Xdc dinh s0 node nhdnh cay bén trai;
- Xé4c dinh sO node nhanh ciy con bén phai;
- Xdc dinh s0 node trung gian;
- Xdc dinh s0 node 14;
- Tim node c6 d0 dai 16n nhat;
- Thém node;
- Loai bd node;
- Loai b0 ca cay;
- Duyét cay theo th( tu trudic;
- Duyét cay theo thUr ty gi(ra;
- Duyét ciy theo th(r tU sau;

5.6. Cho ciy nhi phan bat ky hdy xdy dung chuong trinh x4c dinh xem:
- Cay c6 phai la cay nhi phan diing hay khong?
- Cay c6 phadi la cAy nhi phan day hay khong ?
- Cay c6 phdi la cay nhi phan gan day hay khong?
- Cay c6 phai 1a ciy nhi phan hoan toan cin bang hay khong?

- Cay c6 phdi la cAy nhi phan tim ki€m hay khong ?
5.7. Cho tam gi4c sO dugc bi€u di€én nhu hinh dudi diy. Hay vi€t chuong trinh tim diy
cic sO c6 tOng 16n nhat trén con dudng tU dinh va két thiic tai dau d6 & ddy. Biét rang,
mOi budc di c6 thé di chéo xudng phia trai hodc chéo xubng phia phdi. S6 lugng hang
trong tam gidc 1a 16n hon 1 nhung nhd hon 100; cdc sO trong tam gidc déu la cic sO tur
0..99.
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8 1 0
2 7 4 4
4 5 2 6 5
DI li€u vao cho bdi file cay.in, dong dau tién ghi 1ai sO tu nhién n 14 s6 1UQng hang
trong tam gidc, n hang ti€p theo ghi 1ai tUng hang moOi phan t& dugc phan biét vGi nhau
bGi mOt hodc vai dau trOng. K&t qud ghi 1ai trong file cay.out dong dau tién ghi lai tOng
s 16n nhat tim dugc, dong k€ ti€p ghi lai diy cic s6 c6 tOng 16n nhat. Vi du vdi hinh
trén file input & output nhU sau:
cay.in
5
7
28
81
27
45 2 6 5
cay.out
30
73 8 7 5

A O
N

5.8. Cho cdy nhj phan sO hoan toan can bang:(s® node bén nhinh cdy con bén trdi ding
bang sO node nhanh ciy con bén phdi, & mUc th(i c6 ding 2' node) nhu hinh sau:

060 W

Hay tim ddy c4c node xudt phat tU gOc t&i mOt node 14 nio d6 sao cho tOng gia tri clla cic
node 13 16n nhat, bi€t rang mOi budc di chi dugc phép di chéo sang node trdi hodc chéo
theo node phdi. D{t liu vao cho bdi file cay.in, dong dau tién ghi lai sO twnhiénn 50 1a
s6 cdc mUc cUa ciy, n dong k€ ti€p mOi dong ghi 1ai diy cic sO 1a cdc node trén moi
mUc. K&t qud ghi 1ai trong file cay.out theo th( tu, dong dau 1a tdng 16n nhat cla hanh
trinh, dong k€& ti€p 1a diy cic node trong hanh trinh. Vi du: v&i hinh trén file input &
output dugc t& chirc nhu sau:

cay.in

3

7
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0 6
cay.out
22

7 9
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