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BstNode * Find ( Type x, BstNode * ptr )

d

[[=RXIR R ITaY I R

if ( ptr == NULL ) return NULL; //3R5%R KK

else if ( x < ptr->data ) [[HEZEF-FFIE R
return Find ( x, ptr->leftChild );

else if (x > ptr->data) //EEHEFHER
return Find ( x, ptr->rightChild );

else return ptr; /483 IR R AAZD

ETHRREIEERIENA
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BstNode * Find ( Type x, BstNode * ptr ) const
d
[[=RIX R A K IR R T
if ( ptr |=NULL ) {
BstNode * temp = ptr; //AAtRIXZFR
while ( temp != NULL ) {
if ( temp->data == x ) return temp;
if (temp->data <x)
temp = temp->rightChild; //FF45
else temp = temp->leftChild; //Z&=-F49
§
§
return NULL; [[3R R R

)

Department of Computer Science & Technology, Nanjing University fall 2007



“XEERMENEER (BK)

= —MIMRE R, BRI XEERT
HATUBRAFHRIE. ETUE—E AN

. ®E28 O RNE 45
B 5K W %R
100 (25) (40) (50
\
20

Department of Computer Science & Technology, Nanjing University fall 2007




“XEBEMNHHER

RS B Aroot ) — X R W PN — 1B Igx

. WMBrootFE Fnull, HABFK XK EFHEIER,
R AN BAG R

- WRxFTWE RFREN, FPHREEA;

- WRCNFRE KHIRERN, ERZFHPEA,
FEEA R/ IS SIEARE R = X

- WRKTRE SHIRER, ERATHPEA,
R R B BI04 S AR T = U

JE=FEI, BIPHIRE R E R IR S

Department of Computer Science & Technology, Nanjing University fall 2007



DATA STRUCTURES

20 G0

A28 5 B/ T

28

Department of Computer Science & Technology, Nanjing University fall 2007



BstNode * Insert ( Type x, BstNode * ptr )

d
if ( ptr == NULL )
return new BstNode(x); //#T % &
if ( x <ptr->data)
ptr->leftChild = Insert( x, ptr->leftChild );
else if ( x > ptr->data )
ptr->r1ghtChild = Insert( x, ptr->rightChild );
return ptr;
5
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LR AN X EERENEZE

Insert ( Type x, BstNode * & ptr) {
if ( ptr == NULL)
ptr = new BstNode (x); //€U3Z &5 5%
else if ( x < ptr->data ) [/ HEZETF-FF FEN
Insert ( x, ptr->leftChild );
else if ( x > ptr->data ) //EHFFHIEN
Insert ( x, ptr->rightChild );

XTSI S, Kb R ptrBUHbE, 10X ptrA e fi
FH R A2 AR X AN kg 51 FH T 15 21 (1)
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//ptriE AR 245 j T84 By b 4t
Insert ( Type x, BstNode ** ptr) {
if ( *ptr == NULL )
*ptr = new BstNode (x); //6U3Z L5 5%
else if (x < (*ptr)->data) /EAETHIEN
Insert ( x, &(*ptr)->leftChild );
else if ( x > (*ptr)->data) //EHTFIIEN
Insert ( x, &(*ptr)->rightChild );
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Insert ( Type x, BstNode ** ptr)

{
while(true)
{
if ( *ptr == NULL)
{ *ptr = new BstNode (x);
return;
b
else if ( x < (*ptr)->data )
{ ptr = &(*ptr)->leftChild;
continue;
/Mnsert ( X, &(*ptr)->leftChild );
h
else if ( x > (*ptr)->data )
{ ptr = &(*ptr)->rightChild;
continue;
/Mnsert ( x, &(*ptr)->rightChild );
h
else
return;
h
h
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DATA STRUCTURES

Insert ( Type x, BstNode * root) //rootf~ % Fnull!!!

{
parent = root;
while(true)
{
if ( x < parent->data )
{ if(parent -> leftChild == null)
{ parent ->leftChild = new BstNode(x); return; }
parent = parent->leftChild;
b
else if ( x > (*ptr)->data )
{
if(parent -> right == null)
{ parent->rightChild = new BstNode(x); return; }
parent = parent->rightChild;
b
else
return;
b
; =

RN BB R BRI T 3R
X E K patentZRLL T R AE P M previg o
XA R — 4R

Department of Computer Science & Technology, Nanjing University fall 2007




“XEERWEA

FND

Department of Computer Science & Technology, Nanjing University fall 2007




w33 {53, 78, 65, 17, 87, 09, 81,
ﬁ},%z:x,?%%dﬁ




20 Q9

- XEZHFRER—A

&Lkl
®
19 9@ &9
i 5 A% T BT By — X%

B %é)ﬁ\% ﬁ’ﬂ

MEERK, FHE

£ R
E

ERHERF 2K E.
« AREEMBRERNWERERTZTRKE, £

X3

~—
—

% BBy Ak B JE A B R O A

N

1

fall 2007




HAEE:

‘BEER, eSS XE
R,

(MRS =Japtrigastbhie, ENGRE=A
EEiaEthhis, RS =NAEFRFIA
FHi2al Bpl#lprED. )

=ES ‘\ 3 . N A
%Iilggﬁ REHILICE S AU K
T HRE, BERER.

ML RETH TS TRETF XL ARET
REFHAE: LSEATHUNLE, BELE.

rtment of Computer Science & Technolo, anjing Universit



53,
#5F-#422, A

17 79 z=Fwmx 17 (78
ODD' = 09 2369 67

Department of Computer Science & Technology, Nanjing University fall 2007




BME R L. HIHBEHE, ?

T A B T SR TR — A
& GRRERA), A 8 EANE BN 2
Fi AL /25 1 0 B A

Department of Computer Science & Technology, Nanjing University fall 2007




DATA STRUCTURES

P& & ) A

Remove (const Type& x, BstNode * & ptr) {

BstNode * temp;

if ( ptr ==NULL)
return,;

if (x <ptr->data) [/ 722 T~ 53 h MIBR
Remove ( x, ptr->leftChild );

else if (x > ptr->data ) //AEHETF-HPMBER
Remove ( x, ptr->rightChild );

else if ( ptr->IleftChild != NULL && ptr->rightChild != NULL ) {
temp = Min( ptr->rightChild );
[ ptrEFH R F TR —IER
ptr->data = temp->data; //2E I~ L
Remove ( ptr->data, ptr->rightChild );
[/ ZEptr&9 5 T4 P M BR temp 25 2R

h
else { // ptr&&E R RAAH — 1T HBNTF=%
temp = ptr;
if ( ptr->leftChild == NULL )
ptr = ptr->rightChild; //RFHF%
else if ( ptr->rightChild == NULL )
ptr = ptr->leftChild; /RHFAF=%
delete temp;
b
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AVLAR i % & X

template <class Type> class AVLTree {
public:
struct AVLNode { [[AVL A3 &5 5=
Type data; int balance;
AVLNode<Type> * left, * right;
AVLNode () : left (NULL), right (NULL),
balance (0) { }
AVLNode ( Type d, AVLNode<Type>
*] = NULL, AVLNode<Type> *r = NULL)
: data (d), left (1), right (r), balance (0) { }
5



protected:
Type RefValue;
AVLNode *root;
int Insert (AVLNode<Type>*& Tree, Type X);
void RotateLeft (AVLNode<Type> * Tree,
AVLNode<Type> *& NewTIree);
void RotateRight (AVLNode<Type> * Tree,
AVLNode<Type> *& NewTree);
void LeftBalance (AVLNode<Type> *& Tree);
void RightBalance (AVLNode<Type> *&Tree);
int Height (AVLNode<Type> * t) const;
public:




AVLTree () : root (NULL) {}
AVLNode (Type Ref ) : RefValue (Ref),
root (NULL) {}

int Insert (Type x)
{ return Insert (root, x); }

friend istream& operator >> (istream& 1n,
AVLTree<Type>& Tree);

friend ostream& operator << (ostream& out,
const AVLTree<Type>& Tree);

int Height () const;
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template <class Type> int AVLTree<Type> ::
Insert ( AVLNode<Type>* &tree, Type x,

int &taller ) {
/IAVLAY B9 383 \ L 3%

int success;

if (tree == NULL ) {
tree = new AVLNode (X);
success = (tree I=NULL ) ? 1 : 0;
if ( success ) taller = 1;

h

else if ( x <tree->data ) {

success = Insert ( tree->left, x, taller );
if ( taller)

Department of Computer Science & Technology, Nanjing University fall 2007




switch ( tree->balance ) {
case —1 : LeftBalance ( tree, taller ); break;
case 0 : tree->balance = —1; break;
case 1 : tree->balance = 0; taller = 0;
h
§
else if ( x > tree->data ) {
success = Insert ( tree->right, x, taller );
if ( taller)
switch ( tree->balance ) {
case —1 : tree->balance = 0; taller = O;
break;

case 0 : tree->balance = 1; break;
case 1 : RightBalance ( tree, taller );
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)

return success;
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DATA STRUCTURES

HiN15H), IHABIEN11>18216>14> 4 F 1 A
o — N AE0%5 A N16.
FBAE N IBMBF G, 5210 EA BN,

K916 BFAE y-2, HEAT ek RN I 15 247 74 U AVLAY .
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Avis ey flBr (F)H) —

meat
’ )
N2 N3
-
02

-Avuw b ) B e

WRXETELE R

ﬁWJ‘/\%W E’L"*%ﬁﬁﬂl‘r’?, HFE# (R
W), FTARNER BB —A
boolean%ﬂﬁ%{ XAEJIRx, & x

F R

Lia BAATRIR.

Delete(root, x, bFindNext)

= bFindNext}trueft, JFREEZHF TR HE
ﬂﬁ; W™ 9 WZ:%XO
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DATA STRUCTURES

Avi BRI (FE) —

static Node * theNode; /5% &, B TieExFiEL S
Delete(root, x, bFindNext, int &shorter)

{ if(root == NULL) return NULL;
if(bFindNext)
{ if(root->left == NULL)
{ theNode->Data = root->Data;
shorter = 1; return root->right; } //¥%H & MR 4 &
shorter = 0;

root->left = Delete(root, x, bFindNext, shorter);

1R ¥ shorterff frroot#yBalanceFactor#4T# %, 1% Eshorter{f

return TR E &
}
if(x < root->data) //2n FEx/N FH 4 & i data
{ root->left = Delete(root->left, x, bFindNext, shorter);
i shorter{d furoot#yBalanceFactor# 47483, %k B shorter{t
return 3T EAR & &
}
IR —R|
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DATA STRUCTURES

rl

static Node *‘theNode; AT E, ATiIRExXiEg s
Delete(root; x, bFindNext, int &shorter)

{
g +E—R
else if(x > root->data)
{ fo b — Mo RKMUAE, IR }
else /Ix == root->data
{ if(root->left == NULL || root->right == NULL)
{ shorter == 1;
return root->left == NULL ? root->right : root->left;
}
theNode = root; IRX EEREXPTENE R, WEEEHRBRERTY
5k
root->right = Delete(root->right, x, true, shorter);
iR #Eshorter{ firootiyBalanceFactorit 1T €3, ik E shorter{i;
return B AR & &
}
}
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DATA STRUCTURES

Avlﬂﬁfl’] hl B (%7]%)
2§j:NPQ~ S—

= %%f%H%%¢ﬁ&ﬁ$Lﬁ¥mTAE%m?WMﬁ%5
NoShorterNode, #5#) FMIBE—45 55, MNoShorterNode UG

B MR R AR T AR AT 1 2
. %)u)”ﬂgtl:ﬁa)\ﬁfﬁﬂ PR
25N _EAMIBR 45 L, BIXPTESS & XA P Ja 445 1, — B x3%%.

— éNodeE’JE?W’}E@%ﬁ, LANode MR 151 22 5% 1 2 A4
« Node->BalanceFactor == -1; ///£ T A KK 5
B

Node->BalanceFactor == +1 H. Node->right->BalanceFactor != 0

— HNode A THATIERT, KPR G FRBI AT

« HBNEEL R, FEMETZOORE, HAEMS L
i PG T, IR R AR AT R (EE EATRA HO
— AL RO RiL A
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IR IX B CL A 7€ X2 AT ARSI 5
Delete(root, x)

DATA STRUCTURES

Avvfﬁﬁ'] | BR (%il% )

%2'& N> ‘\p

R

. MNoShorterNodeFF- 44147 i,
WA N R i IH

o AL E I IS R

2L HIKey T ;

if(root . 4 M b )
return  root->left == NULL
?  root->right
: root->left;
if(NIZAE e 71 sUMER)
{ root->left = Delete(root->left, x); //root->lefth SR A% !
BEAT IR,
IR BT AR 45 L
}
else /I NIz M A1 R
{ root->right = Delete(root->right, x); //root->lefth SR 22 5%
AT R,
IR BT AR 45 A4

HA4 SRS, 7 IR

B, EXMIRA = EEIA!

R

1. AT IRF R N R, AN
R FE T (8 VTR ]
O DS Ay 1)

2 MBI 3% B4 70 00 SR AR T

3. WE T, MPERE Hroot-
>|eft/root->right W AZ A7 B AEAT 4
O F7 5 T RE 1P

R, ATLCEREIiE, JHidH
U1 SRR E N 35 A Ees vl = B
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DATA STRUCTURES

Avlﬂ‘iifﬁ’il hEx (k)
RAERE =

//toBeDeINodezEéZﬁﬁ CAMER, 75 BEEgE BRI .
/INewRoot#: 5| HZ%1, H T4 K DeleteZ J5 IFHT IR 4 &
Delete(root, x, Node * &NewRoot, toBeDelNode)
{ if(root == toBeDelNode)
NewRoot = root->left == NULL
?  root->right
root->left;

if(N A% AE A 719 U )
{ fEfRKroot->leftA I ATHE &, BEATHEATIREE, [JRARI TR~ — T,
*palceOfOrigLeft = ¥ i root->left F# 1 & ;
NewRoot = % 5 IR 45 A;
Delete(*palceOfOrigLeft, x, *palceOfOrigLeft);
}
else // Nz M R A+ 15 1

{
AN_ETHT I SRA

KreRigIH, AR O TE A
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DATA STRUCTURES

Avlﬂ‘i‘ifﬁfl hEx (%)
HAEHE g

NewRoot = root;
root->BalanceFactor ++;
palceOfOrigLeft = &root->left;

P P
AN IR HE
e >
h-1 d h h h

MR —AN5 &,
BEBRK—E

= case 1
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DATA STRUCTURES

FEAL:
p = root;
q = root->right;
Z_= nLeftRight = g->left; —

E 4

> NewRoot = q; I 5 AR &5 m
. case 3b : 30 q->left=p TN
ﬂ%lﬁiﬁ%‘% Q%I p->right = nLeftRight; rter 7‘@ True.

p->BF = g->BF = 0;
//J? K Hroot->left) i & fE:root->left->left
palceOfOrigLeft = &root->left->left

P

q ZESRIR
] E—

P

B . 2D~ 04 ANTH S A



AvIFf By

= case 3c

.

N :

p = root; q = root->right; r = g->left;
nLR = r->left; nRL = r->right;

HAH:

NewRoot = r; I J5 AR 45 m
r->left = p; r->right = q;

g->right = nLR; g->left = nRL;
p->BF = r->BF == +1 7 -1:0;

g->BF =r->BF ==-1? +1: 0;

r->BF = 0;

115K froot->left 1132 & 7E root->left->left
palceOfOrigLeft = &root->left->left

DATA STRUCTURES

q_‘.
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Avip oy Br (A ) 83k ¥y

. B

« MRE RIS, BERREERED. IR

« g — N AT &N L ElastNonShorterNode ( /6 4

NULL, WEtERMBLEE, URZEIANATR
theParent ( ¥ £ 4y NULL)

« B EXFTER & EtheNode,
« FEEH PR RN 4 S toBeDelNode

 ER: MRBREMEZEZEZNEE, BEFRSZ —K.

N %:—ﬁ:
= MlastNonShorterNodefF# (Z2mE ANULL, XM

rootfi ) 3B P EF KBTI EERMER. LER
EZE ¥ toBeDelNode F HyData# Il 3|theNode #
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DATA STRUCTURES

R R A
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DATA STRUCTURES

5, E mEREE: M->P->N->0
1. lastNonShorterNode: NULL, parent: NULL
2. theNode: P toBeDelNode: O
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W EFR R, B TFcase 3¢y ATFRA
e -1

JEPNIRES 1L, EMIPALRIN AL TR, ...
M PAMRES w5 BT it — D R 5 OMBET A 775 )
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PAP YR & i) ¥ W 75 23471 %, J& T-case 3b:
+ RIONHT IR 45 5
~ RV T 5 2 PFIT

N —
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DATA STRUCTURES

ANAR &5 i 70 75 BT R 2, J& T-case 11X FR
50, BRI AT B BR 5 AR FE S O PN
BalanceFactor)i#2:1. LLO AR BT 5 i3k — 20 B Al

T,
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DATA STRUCTURES

RrO->Dataidt 4745 U1, X5 HERORITE 3 5 4 I AVLIY

[e]
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