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BEADHBUREAGEEL
#include <iostream.h>
#include <assert.h>
const int defaultSize = 100;
template <class K, class E>
class datal.ist; [ PE R ILE AT R X, K25
FHED G ey 3 E29 H TR R sd- ey 3¢

template <class K, class | >
class dataNode [[ERPE R P LE R ILEHEX
friend class dataList<K, E>;
[/7= 8A & 5T 3¢ 29 datalist




§5

public:
dataNode (const K x, const E ¢)
: key(x), other(e) {} Ik E=AE<E =4
K getKey() const { return key; } //iRERF<5E55
void setKey (K x) { key = x; } [[1E BRI 525
private:

K key; [/ F<BE D43
E other; [[E eI (FRIE R TR )



template <class K, class E >
class datalist { [[ERPE R ILE X

public:
dataList (int sz = defaultSize)
: ArraySize(sz), CurrentSize(0) §
Element = new dataNode<K, E>[sz];
assert (Element != NULL);
}
datalList (dataList<K, E>& R); //Z4U493E 53K
virtual ~dataList() { delete [|Element; } //#7T48 &2k
virtual int Length() { return CurrentSize; }
[[RFEEYRIE

virtual K getKey (int 1) const {
/4B i1~ (A1FF%) RFEwvkeyld



assert (1> 0 & 1 <= CurrentSize);
return Element[i-1].key;

p
virtual void setKey (K x, int 1) §

[[TEEREE 11~ (MN1FF%8) TFahkeyld
assert (1> 0 & 1 <= CurrentSize);
Element[i-1].key = x;

5

virtual int SeqSearch (const K x) const; //3€5
virtual bool Insert (K x , E el); [/3EN
virtual bool Remove (K x, E& ¢1); [/ B

friend ostream& operator << (ostream& out,
const datalList<K, E>& OutList); [/ % 4



friend istream& operator >> (istream& 1n,
dataList<K, E>& InList); /15T N
protected:
dataNode<K, E> *Element; //#IE=RGF1EEA
int ArraySize, CurrentSize;
[[3REAA BN Fo K AT R

§5
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template <class K, class E>
bool dataList<K, E>::Insert (K k, E el) {
//#Edatalistih R 8B 3E NI I, BN KRIK, T LKL
//=E1false, & N iR Sl true.
if (CurrentSize == ArraySize) return false;
dataNode<K, E> node = dataNode<K, E> (k,el);
Element[CurrentSize] = node; //#& N A& = Wi
CurrentSize++; return true;

§5
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template <class K, class E>
bool dataList<K, E>::Remove (K x, E& ¢1) {
[[#=datalists P M BR I8 EL 29 xBY T, iR el K E,
[/ A R STFIE D IBRM BRI,
if (CurrentSize == 0) return false;
for (int 1 == 05 1 < CurrentSize & &
Element[1].key != x5 1++) //#EF= PIIFF-3K
if (1 == CurrentSize) return false; e % &
el = Element[1].other; //3Z) TrE M TFEEHTE
Element[1] = Element[CurrentSize-1]; //3& %
CurrentSize——; return true;
3
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. WEHIEX dataList FMFH R XEDLE

HEExHFNRETLER, EXFETLEE
ZHATAF 0 F265 K, T A CurrentSize
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template <class K, class E>
int datalist<K, E>::SeqSearch (const K x) const {

§3

Element[CurrentSize].key = x;
int1=0; [[H8-X A% B 29 Ma B A
while (Element[1].key != x) 11+

[/ ANAT 6 IS5 38 &R
return i+1;
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WA 8 & 648Kk

template <class K, class £E>

int dataList<K, E>::

SeqSearch (const K x, int loc) const {

/[ P& 3R Element|[1..n] PR AL XD ELEETA
[[CCEEIT R, REWBREHERPTLE, S loc A&
[[ZR P IFLE IR RO TLE

if (loc > CurrentSize) return 0; [[3R R R

else if (Element[loc-1].key == X) return loc;
[[3R R =D

else return SeqSearch (x, loc+1); = V= Ex SN

§5
>
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template <class K> int orderedList<K> ::
BinarySearch ( const K & x, const int low,
const int high ) const {

[/ 34 IR R &Y 38 YA S5
int mid = —1;
if (low <= high ) {
mid = ( low + high )/

2;

if ( Element[mid].key <x)

mid = BinarySearc]
else if ( Element[mid

1 (X, mid +1, high );
key >x)

mid = BinarySearc]

)

return mid;

)

1 (X, low, mid —1 );
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(10, 20, 30, 40, 50, 60 )

ASL,, . = (142%2+ ASL, = (2%1+3%6)/7

3%3)/6 = 14/6 =20/7
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#include <iostream.h>

#include <stdlib.h>
template <class K, class E>
struct BSTNode { [[ =X ¥F 285 53 3%
K key; /] Fsm,
E data; /BRI $EED ONGY T B PE 3

BSTNode<K, E> *left, *right; //Z=F-~%Fa455
BSTNode() { left = NULL; right = NULL; } //493& &%k

BSTNode (const K k1, const E x, BSTNode<K, E> *L =
NULL, BSTNode<K, E> *R = NULL) {

key = k1; data = x; left = L; right = R;
V /[ A9E AR
~BSTNode() {3 /] ¥4 B 2K

27



}5

void setData (K k1, E x) { key =kl; data=x;} //T&X
E getData() { return data; } [[3RBX
bool operator < (const BSTNode & x) //3)4vTF
{ return key < x.key; }
bool operator > (const BSTNode & x) //FIRTF
{ return key > x.key; }
bool operator == (const BSTNode & x) /353
{ return key == x.key; }



template <class K, class E>

class BST { [[=RIRRPF LXK
public:

BST() { root=NULL; } /138 25 5% K

BST(K value); IEE=A=SE =3

~BST() {}; /1374 B 2K

bool Search (const K x) const /3R R
{ return Search(x,root) !=NULL; }
BST<K, E>& operator = (const BST<K, E>& R);
[[EEEK . WRT1A
void makeEmpty/() [/ B =
{ makeEmpty (root); root = NULL;}

29



void PrintTree() const { PrintTree (root); } //4ar &
E Min() { return Min(root)—>data; } IE S =218
E Max() { return Max(root)—>data; } [[RIBN

bool Insert (const E& e1) [/ 3N ITFEE
{ return Insert(el, root);}

bool Remove (const K x) { return Remove(x, root);}
[[MIBRE XY 285 5%

30



private:
BSTNode<K, E> *root; /AR F5 %t

K RefValue; /158 NTE AL FRA
BSTNode<K, E> * [[3)3 ;. IRFER

Search (const K x, BSTNode<K, E> *ptr);
void makeEmpty (BSTNode<K, E> *& ptr);

/()3 . B=
void PrintTree (BSTNode<K, E> *ptr) const;

[[3)3 : FTEP
BSTNode<K, E> * [/22)3 . =4

Copy (const BSTNode<K, E> *ptr);

31



BSTNode<K, E>* Min (BSTNode<K, E>* ptr);
[[3)3 . KR A

BSTNode<K, E>* Max (BSTNode<K, E>* ptr);
[[3)3 : KERKN

bool Insert (const K k1, const E& e¢1, BSTNode<K,

E>*& ptr); [[ZY3 ; FEN
bool Remove (const K x, BSTNode<K, E>*& ptr);
/2293 ;. MIBR

§5

- ZXBERE R X = X RN B Nt
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template<class K, class £E>
BSTNode<K, E>* BST<K, E>::
Search (const K x, BSTNode<K, E> *ptr) {
/|R6FT R IT TR . ZELAP Y IREY = R IR R AT 3L
[/REXEILGE R, FIKE), NFIKEE XKLL NG
[[3hk | F R SR ENULLTE,

if (ptr == NULL) return NULL;

else if (x < ptr—>key) return Search(x, ptr—>left);

else if (x > ptr—>key) return Search(x, ptr—>right);
else return ptr; [[3R R AED

§5
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template<class K, class E>
BSTNode<K, E>* BST<K, E>::
Search (const K x, BSTNode<K, E> *ptr) {
[[ARZE YT R EL . TE2IFLL FEHBATLApir>9iREeY —
[[R AR R AT R IR RS XY LE R, BB NS KA
[/Ei% 25 Rt ak | &N &2 ENULLTE,
if (ptr == NULL) return NULL;
BSTNode<K, E>* temp = ptr;
while (temp != NULL) {
if (x == temp—>key) return temp;
if (x < temp—>key) temp = temp—>left;
else temp = temp—>right;
5
return NULL;

}s
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=R ERGENK &
template <class K, class E>
bool BST<K, E>::Insert (const K k1, const E& ¢l,
BSTNode<K, E> *& ptr) {
[[FFH R . FELAPr 29 IREY N IXRIF P IFENTESY
[I<kl,el>a9s555, FEMNPESHFE<Kk] . cl>avss " n
ANIFEN
if (ptr == NULL) { [[5 25 SR TEZg ot 25 s 3E N
ptr = new BSTNode<K, E>(kl,el); //el3&HrsE =
if (ptr == NULL)
{ cerr << "QOut of space" << endl; exit(1); }

return true;




else if (k1 <ptr—>key) Insert (kl1,el, ptr—>left);

[[ZEF-HF FEN
else if (k1 > ptr—>key) Insert (k1,el, ptr—>right);
[ TF-HFIEN
else return false; [ S FEFS P RNAIEN
s
- AR XERWEAEE, T URT
B XEEM.
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L. &3 Ror N8

template <class K, class E>
bool BST<K, E>::Remove (const K x,
BSTNode<K, E> *& ptr) {
[[FELA ptr 29 AREY = RIR RS P MBERE X 8945
BSTNode<K, E> *temp;
if (ptr !I=NULL) {
if (x < ptr—>key) Remove (x, ptr—>left);
[[FE 2T~ P AT MIBR
else if (x > ptr—>key) Remove (x, ptr—>right);
[[FEE T3 P RITMER

46



else if (ptr—>left != NULL & & ptr—>right != NULL)
{  //ptrig s ooxm R, AT F K
temp = ptr—>right;
B TFFIRF P F T LR
while (temp—>left = NULL)
temp = temp—>left;
ptr—>key = temp—>key;
ptr—>data = temp—>data;
/1A EE R IB B IR L3 PE
Remove (ptr—>key, ptr—>right);

)
else { //ptr3g7m<BELAYXOERA—TF %



temp = ptr;

if (ptr—>left == NULL) ptr = ptr—>ri1ght;
else ptr = ptr—>left;

delete temp;

return true;

h

return false;

§3
. FREMBREZSIKE| AR RSN ER.
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AVL# ) £ = 3L

#include <iostream.h>
#include “stack.h”
template <class K, class £E>
struct AVLNode : public BSTNode<K, E> {
[IAVL#AS 25 s a9 L X
int bf;
AVLNode() { left = NULL; right = NULL; bf =03 }
AVLNode (K k, E x, AVLNode<K, E> *1 = NULL,
AVLNode<K, E> *r=NULL)
{ key =k; data=x; left=1; right=r; bf=0;}

§5



template <class K, class E>

class AVLTree : public BST<K, E> {

[/ ey =X R4 (AVL) X

public:
AVLTree() { root=NULL; } IR EA=SE -3
AVLTree (K Ref) { RefValue = Ref; root = NULL; }

[[FFE K . HEAEERAVLA

int Height() const; /75 B

52



AVLNode<K, E>* Search (K x,

AVLNode<K, E> *& ptr) const; [[3R &R
bool Insert (K x, E& ¢l) { return Insert (root, x, €1); }
[/3& N
bool Remove (K x, E& ¢1)

{ return Remove (root, x, ¢l); } /[ BER
friend istream& operator >> (istream& 1n,

AVLTree<K, E>& Tree); [[EEEK . BTN

friend ostream& operator << (ostream& out,
const AVLTree<K, E>& Tree); [[EEEK . Ay
protected:
int Height (AVLNode<K, E> *ptr) const;



§5

bool Insert (AVLNode<K, E>*& ptr, K x, E& ¢1);
bool Remove (AVLNode<K, E>*& ptr, K x, E& ¢l);
void RotateL (AVLNode<K, E>*& ptr); //Z==£3k
void RotateR (AVLNode<K, E>*& ptr); //[FFHE%
void RotateLR (AVLNode<K, E>*& ptr); ES
EISEHERIRE

void RotateRL (AVLNode<K, E>*& ptr); ES
LE 5 AR5
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% % 7% 3% (Rotateleft)
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template <class K, class >

void AVLTree<K, E>::

RotateL (AVLNode<K, E> *& ptr) {

/75T 33 Ve A= T3 T T A S i B JS BT AR ZEpir
AVLNode<K, E> *subL = ptr;
ptr = subL—>right;

. A
subL—>right = ptr—>left;
u right = ptr—>le R /(@\ c
ptr—>left = subL; 1
_ _ h| D/ N~E
ptr—>bf = subL—>bf = 0; ?
h

}s U w



% ¥ 3 # (RotateRight )

LEEH1TRE RAN T
BT AR &5,
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template <class K, class >

void AVLTree<K, E>::

RotateR (AVLNode<K, E> *& ptr) {

[[ZETF-AF G T, IRFESFHIRIEpr
AVLNode<K, E> *subR = ptr; //Z=HE ey

2 5

=0 //\N

ptr = subR—>left; A
subR—>left = ptr—>right; B _1/62\ C
ptr—>right = subR; D;( \E |
ptr—>bf = subR—>bt = 0; h

b w hd1
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4 4 5 % B # (RotationLeftRight)
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template <class K, class E>

void AVLTree<K, E>:: RotateLR (AVLNode<K, E> *& ptr) {
AVLNode<K, E> *subR = ptr; A
AVLNode<K, E> *subLL = subR—>left; B
ptr = subL—>r1ght; E
subL—>right = ptr—>left; D 1

ptr—>left = subL; K G
if (ptr—>bf <= 0) subL-—>bf = 0; h ﬂ h1

else subL—>bf = -1;
subR—>left = ptr—>right;
ptr—>right = subR; E m

if (ptr—>bf == -1) subR—>bf = I;B A
else subR->bf = 0; (0 (1)
ptr—>bf = 0; D

}s




9{, % 52 4 %% 3 (RotationRightLeft)
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template <class K, class E>

void AVLTree<K, E>::
RotateRL (AVLNode<K, E>*& ptr){ B C

}s

AVLNode<K, E> *subL = ptr; D P
AVLNode<K, E> *subR = subL—>right; |h 1

ptr = subR—>left; V4 x(—}
subR—>left = ptr—>right; h41  h h
ptr—>right = subR;

if (ptr—>bf >=0) subR—>bf = 0;
else subR—>bt = 1;
subL—>right = ptr—>left;
ptr—>left = subL;

if (ptr—>bf == 1) subL-—>bf = -1; B
else subL—>bf = 0;
ptr—>bf = 0;
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