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template <class T>
class Tree {

EX Nk

IR AT & TRAE, 7
IR, TRWE R PFEREK

e R, B F

1 i position JE A

ERRFRT A T4

TEY:E
public:

Tree ();

KRB R —FH.

~Tree ();

XA, BEXFTAE



BuildRoot (const T& value);

[[3E LI IR L 2
position FirstChild(position p);

/R E p BE—FLcithl RF%ZE ()
position NextSibling(position p);

[[BE p F—SRBiik HRFT—BHRE ()

position Parent(p

osition p);

/R E p REELE SRk 25 p 9IREE ()
T GetData(position p);

P - X EY TE

[ E 2553 p o

bool InsertChild(position p, T& value);
[|HELE SR p FTIENTEY value BY#7-F-~%, & 3F

[N T 2K

X [Elfalse, & N X Eltrue



§5

bool DeleteChild (position p, int 1);
//BREE SR p B9 | TS AL BBF-IIeE
J]55, BRI, W E false, & N Z B true
void DeleteSubTree (position t);
[/ BREA t 29 IR &5 s 8y -T-H9
bool IsEmpty ();
[[F)pS S, AN R Eltrue, & N iR Bl false
void Traversal (void (*visit)(position p));
[[ZBIG LA p 29AR&Y T4
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. B X1 % = X# (Full Binary Tree)
— BN KA = X R A2 -1NE R =X

. EX2 54 = XM (Complete Binary Tree)
—EFR_XHWANRE Nk WXFLE. BRE K

B

LBEAE (1~k-1) & REM A F &K

AN, BRENEHEESGETE K, 20
& T = XM,
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template <class T>
class BinaryTree {
[/52R; 2 REYF RIS, = I EF HH
public:
BinaryTree (); EE=A=<E =4
BinaryTree (BinTreeNode<T> *Ich,
BinTreeNode<T> *rch, T item);
/13 F& K, LAitem>94R, IchForch>9 %=, FHFF
[/ A F 2 — IR X ¥F
int Height (); [[RAS IR BT
int Size (); [[RAS o 25 S A~ K

17



bool IsEmpty (); [/3) = X $F 22 9
BinTreeNode<T> *Parent (BinTreeNode<T> *t);
[[R 5 53t YR FE
BinTreeNode<T> *LeftChild (BinTreeNode<T> *t);
[|REE St O ET =%
BinTreeNode<T> *RightChild (BinTreeNode<T> *t);
[[ReE St BOHFET=%

bool Insert (T 1tem); [/ HEHT

P iENFTIOEE

bool Remove (T item); [/ HEHT

bool Find (T& 1tem); /13 Eritem R S FEAS

P MIBR ST

bool GetData (T& item);  //ERIGLE R EIE

18



§5

BinTreeNode<T> *GetRoot ();  //B4R

void PreOrder (void (*visit) (BinTreeNode<T> *t));
/528 05 | Visit&R ib e & 2K

void InOrder (void (*visit) (BinTreeNode<T> *t));
/]9 5 AR5 | visit R b Ju R 2K

void PostOrder (void (*visit) (BinTreeNode<T> *t));
[[7& 52805, (Fvisit) &R b )8 &K

void LevelOrder (void (*visit)(BinTreeNode<T> *t));
[R5 8 5 | Visit R iy Jal &R 2
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At kEkF (= L4k)

L ZXREERREX: BANERAINRR, data
WAL EH A, leftChildfrrightChildo~3!
IR AE W AT L fh T L lI4t.

leftChild data rightChild

~ — =

.~ data -
/ AN

lettChild rightChild
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Atk kT (=L4k)
& R m—/N38 | X 3E By 38 ¢ parent,
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leftChild data parent rightChild

~—
~—— \

-
- X

X

rn

parent
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leftChild rightChild
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template <class T>
struct BinTreeNode { [[ =X FFLERIEEX
T data; /3% &35
BinTreeNode<T> *leftChild, *rightChild;
[|ZETF~%c, BTk
BinTreeNode () L E=AE<E =4
{ leftChild = NULL; rightChild = NULL; }
BinTreeNode (T x, BinTreeNode<T> *] = NULL,
BinTreeNode<T> *r=NULL)
{ data = x5 leftChild =1; rightChild =r; }

§5
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template <class T>
class BinaryTree { [[=XFF 3L X
public:
BinaryTree () : root (NULL) {} IR EA=SE -3
BinaryTree (T value) : RefValue(value), root(NULL)
{} IR E=AE<E =4
BinaryTree (BinaryTree<T>& s); //ZHI493E &K
~BinaryTree () { Destroy(root); } //#r39 &2k
bool IsEmpty () { return root == NULL;}
[[F) =X P =&
int Height () { return Height(root); } //=R#F7=
int Size () { return Size(root); } /2R &5 SR 2K

27



BinTreeNode<T> *Parent (BinTreeNode <T> *t)
{ return (root == NULL || root == t) ?
NULL : Parent (root, t); } //3REISRFELER
BinTreeNode<T> *LeftChild (BinTreeNode<T> *t)
{ return (t !=NULL) ? t—>leftChild : NULL; }
/3R 18] A= F~~%c
BinTreeNode<T> *RightChild (BinTreeNode<T> *t)
{ return (t != NULL) ? t=>rightChild : NULL; }
/3R B -F=c
BinTreeNode<T> *GetRoot () const { return root; }
[/ BRAR

28



void PreOrder (void (*visit) (BinTreeNode<T> *t))

{ PreOrder (root, visit); } [/ 75 5 28 I
void InOrder (void (*visit) (BinTreeNode<T> *t))
{ InOrder (root, visit); } [0 528 5
void PostOrder (void (*visit) (BinTreeNode<T> *t))
{ PostOrder (root, visit); } [/ 7& 7528 5
void LevelOrder (void (*visit)(BinTreeNode<T>
*1)); [/ /2RI 28 I
int Insert (const T item); [[FENFTRFE

BinTreeNode<T> *Find (T item) const; //3R%R

29



protected:

BinTreeNode<T> *root; [[ =X FFeH IR 5%t

T RefValue; /X BT NI AL AR

void CreateBinTree (istreamé& 1n,

BinTreeNode<T> *& subTree);

[[ ANSKTAIR—NERT

bool Insert (BinTreeNode<T> *& subTree, T& x);
[/ 3&N

void Destroy (BinTreeNode<T> *& subTree);
[/ I BER

bool Find (BinTreeNode<T> *subTree, T& x);
[

30



BinTreeNode<T> *Copy (BinTreeNode<T> *r);
[/ B4

int Height (BinTreeNode<T> *subTree);
/]2 B 49 7= B
int Size (BinTreeNode<T> *subTree);
[/3R [E] £ 52 2K
BinTreeNode<T> *Parent (BinTreeNode<T> *
subTree, BinTreeNode<T> *t);
[/ E] SR 25 R
BinTreeNode<T> *Find (BinTreeNode<T> *
subTree, T& x) const;  //3RFxX
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void Traverse (BinTreeNode<T> *subTree,
ostream& out); [/ AT 75 288 I 4ar L
void PreOrder (BinTreeNode<T>& subTree,
void (*visit) (BinTreeNode<T> *t));
[/ 5 5 28 5
void InOrder (BinTreeNode<T>& subTree,
void (*visit) (BinTreeNode<T> *t));
[/ ek 528 I
void PostOrder (BinTreeNode<T>& Tree,
void (*visit) (BinTreeNode<T> *t));
[/ 7& 528 5

32



friend istream& operator >> (istream& in,
BinaryTree<T>& Tree); /[//[EZHIFRTE: 3N

friend ostream& operator << (ostream& out,
BinaryTree<T>& Tree); //[EZHKFRTE: s

§5
oA R &G R

template <class T>

BinTreeNode<T> *BinaryTree<T>::

Parent (BinTreeNode <T> *subTree,
BinTreeNode <T> *t) {

33



[[FoFR R ANgE R subTree 7748, IRER t6HIR
[/, ZFIR BN R B R 4s st ak SN ENULL
if (subTree == NULL) return NULL;
if (subTree—>leftChild ==t ||
subTree—>rightChild ==1t)
return subTree; //IK =), X E R4k st bk
BinTreeNode <T> *p;
if ((p = Parent (subTree—>leftChild, t)) != NULL)
return p; [[Z VIR AE-TF-FF P IR R
else return Parent (subTree—>rightChild, t);
[V EH TP IR

§5
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template<class T>

void BinaryTree<T>::

Destroy (BinTreeNode<T> * subTree) {

[ FoF BB 2K MIBRIR >9subTreesy-F49

if (subTree != NULL) {

Destroy (subTree—>leftChild); //MBERAET4
Destroy (subTree—>rightChild); /MR T4
delete subTree; /[T BRAR 48 5%

§5
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4 4 % /% (Inorder Traversal)

R i = X AR R
CEZXWAE, N HEEERE;

. &N
o MR ETFH (L);
+ WREIRE R (V); J ~

o PRETAETH (R).

S
atb*c-d-elf
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template <class T>
void BinaryTree<T>::InOrder (BinTreeNode<T> *
subTree, void (*visit) (BinTreeNode<T> *t)) {
if (subTree != NULL) {
InOrder (subTree—>leftChild, visit);

/138 15 A= F~35
visit (subTree); [/iF Ja AR &5 5%
InOrder (subTree—>rightChild, visit);

/128 5 25T~ %F

§5
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% 4 #& /% (Preorder Traversal)

B3 — XA S ik W HE SR 52
238 [

B XRANE, WE?
. BN

o TR 37 ZTF# (L);
o TG AETH (R).

i %R
-+a*b-cdl/ef

%

2
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template <class T>
void BinaryTree<T>::PreOrder (BinTreeNode<T> *
subTree, void (*visit) (BinTreeNode<T> *t)) {
if (subTree != NULL) {
visit (subTree); [/iF Ja AR &5 5%
PreOrder (subTree—>leftChild, visit);
128 5 22543
PreOrder (subTree—>rightChild, visit);
/138 5 A5 F-5F

§5
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5 5 & (Postorder Traversal)

e — XM EFNEERE:
%R [H;

C EZXHAR, W E?
. BN

. )%Ff'?}ﬁ)% E%*ﬁ (L);
0ﬁ%$ﬁﬁﬁ??WfRﬁ

¢ ‘i’ji Eﬂ*&%lﬁ\ (V)°

i Jfi 55 R
abcd-*+ef/ -

2
A
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template <class T>
void BinaryTree<T>::PostOrder (BinTreeNode<T> *
subTree, void (*visit) (BinTreeNode<T> *t ) {
if (subTree !=NULL ) {
PostOrder (subTree—>leftChild, visit);

|38 5 2= F- %
PostOrder (subTree—>rightChild, visit);

/28 15 45 F-%5
visit (subTree); [/iF Ja AR &5 5%

J
}s

42



E A=A ¢k 56T el

template <class T>
int BinaryTree<T>::Size (BinTreeNode<T> *
subTree) const {
[[FoH EE . FNARXWIEHFBIDHFITHRE =X
/13389 25 213K
if (subTree == NULL) return O; /249
else return Size (subTree—>leftChild)
+ Size (subTree—>rightChild) + 1;

§5
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E A =Xk 56T el

template <class T>
int BinaryTree<T>::Height ( BinTreeNode<T> *
subTree) const {
[|FF R . RNARXWEFBIBZHEFITRE R
/13389 55 B BUIR K
if (subTree == NULL) return 0; //=4A375 3290
else {
int 1 = Height (subTree—>leftChild);
int j = Height (subTree—>r1ightChild);
return (1<j) ? j+1 : 1+1;

§5
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| Bl = A4 5 & 5 & 2 = Lt
. AR A7 S E o = X

. WG R %Wﬁxﬁﬁﬂ XM & R F
3 [ W9 W %R%%Aﬁﬂ“KT%&
ANEENRE A WENERE A, WE
RefValue® ., #lanf “@’=H “ 1”%7‘—3"
HRIIBEESRFINRE K.
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A A = A M5 &5k 2= b
template<class T>

void BinaryTree<T>::CreateBinTree (ifstreamé& 1n,

BinTreeNode<T> *& subTree) §
[|FoF R LA TG IR L X HF,

T 1tem;
if (!in.eof () ) § [[ARIRT, RN
In >> 1tem; [[ARNAR 5 SR EY T

if (item != RefValue) {
subTree = new BinTreeNode<T>(item);
[[3RILAREE 2N
if (subTree == NULL)
{cerr << “HFxrElit!” << endl; exit (1);}
47



| Al = XM 5 & 5 & 2 = it

CreateBinTree (1n, subTree—>leftChild);
/32 Y3 38 L 2 -F~F9

CreateBinTree (1n, subTree—>rightChild);

[[33 )3 3 LA T4
J
else subTree = NULL;
WE=P=iEi-p kst g0k -k

§5
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template <class T>
void BinaryTree<T>::
PreOrder (void (*visit) (BinTreeNode<T> *t) ) {
stack<BinTreeNode<T>*> S;
BinTreeNode<T> *p = t;

S.Push (NULL);
while (p != NULL) {
visit(p); /1355 Ja & 5=,

if (p—>rightChild != NULL)

S.Push (p—>rightChild); //5t8& &35t +
if (p—>leftChild != NULL)

p =p—leftChild; //3#HAETFT4
else S.Pop(p); [[Z=F-FF 24 =

}s
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fl ARG T 5k 5 k)2 K ok
template <class T>
void BinaryTree<T>::
InOrder (void (*visit) (BinTreeNode<T> *t)) {
stack<BinTreeNode<T>*> S;
BinTreeNode<T> *p =t;
do {
while (p I=NULL) { //[ZmIpisHmAETIZ3
S.Push (p); 11320 T S 3 2 AR LK
p = p—>leftChild;
5
if (!S.IsEmpty()) { k=32 NSEE 1R
S.Pop (p); visit (p); //2R4%, LFJal
p = p—>rightChild; //2&1% 35ttt =ETF %
)
} while (p != NULL || !S.IsEmpty ());

}s
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| A 6§ 5 5 &7 3k ik va K ik

- ERREIIEY ARG R EX
template <class T> ‘ ‘ I
struct stkNode { ptr_| tagil,R;

BinTreeNode<T> *ptr; //[4F&5sa35%t

enum tag {L, R}; /3R AT
stkNode (BinTreeNode<T> *N = NULL) :
ptr(N), tag(L) { } K EAESE N
3

. tag=L, XA NEFWRELERH A TH;
tag=R, T NAETFHEEEVERE K.
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template <class T>

void BinaryTree<T>::

PostOrder (void (*visit) (BinTreeNode<T> *t) {
Stack<stkNode<T>> S; stkNode<T> w;
BinTreeNode<T> *p=t; /[/[pR¥BEI5I5%t
do {

while (p !=NULL) {
w.ptr = p; w.tag=1L; S.Push (w);
p = p—>leftChild;

§

int continuel =1; //g#k£9&23R4xi2, ATFR
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| A& G5 4 &5 k& V2§ ik

while (continuel && !S.IsEmpty ()) §
S.Pop (W); p = w.ptr;
switch (w.tag) { [/3) B T Y tag AR i
case L: w.tag=R; S.Push (w);
continuel = 0;
p = p—>rightChild; break;
case R: visit (p); break;
5
5

} while (!S.IsEmpty ()); [/ 4k 2523 5 FL T 28 51,
cout << endl;

§5
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B R& S = St Kk
template <class 1>

void BinaryTree<T>::

LevelOrder (void (*visit) (BinTreeNode<T> *t)) {
if (t ==NULL) return;
Queue<BinTreeNode<T> * > Q;
BinTreeNode<T> *p = t;

Q.EnQueue (p);
while (!Q.IsEmpty ()) {

Q.DeQueue (p); visit (p);
if (p—>leftChild = NULL) Q.EnQueue (p—>leftChild);
if (p—>rightChild != NULL) Q.EnQueue (p—>rightChild);

)
}s
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&, % L= i
(Threaded Binary Tree)
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%, % (Thread)

pred | leftChild | data |rightChild| succ

/root
| a l
p d)T Tksu C
\ s}lcc |/ € m A
stcc
\ J /| Pr dvp 7/ Acc
A Ale| N (

7 iE—: Bhu Pred 384T F0 Suce 3840 = XM
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FE=: Wi A S EARE N = X

. BREWE R, ¥ pred 34 H suce %E%Eéﬁ
3| leftChild #1 rightChild ¥y 2 R4t %, 3
BZ W ME & ltag f rtag, 389 %%rz—d
FLARME/ G#., EERIBE.

leftChild | Itag data | rtag | rightChild

. ltag (H rtag) = 0, RN EHETRET L
(BAETLER) ; Y Itag (B\?.rtag) =1, X
HMEHANE (REd) &ZK.
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leftChild | Itag | data | rtag | rightChild

dl1 1lel1]!

ltag=0,  leftChild X ZF &34t
ltag=1,  leftChild 3 W] B & &
rtag =0, rightChild } 7 ¥ &4t
rtag=1, rightChild} Jg #% &
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% &= L ht g £ = 3L

template <class T>
struct ThreadNode §
int ltag, rtag;

[[£ R = XI5 2 3%

[/¢k RAFE

ThreadNode<T> *leftChild, *rightChild;

T data;
ThreadNode ( const

[/ R-TF-*cI5+t
NEBE %
" 1tem) /149 3 B #K

: data(item), leftChild (NULL),

rightChild (NULI
3

L), Itag(0), rtag(0) {}
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template <class T>
class ThreadTree § [/ R X b 3%
protected:
ThreadNode<T> *root; [[#3 a9 IR F5 %t
void createInThread (ThreadNode<T> *current,
ThreadNode<T> *& pre);
[P B 5 3R L R XA
ThreadNode<T> *parent (ThreadNode<T> *t);
/153X 5 sRBY IR T L 2R
public:
ThreadTree () : root (NULL) {} /493 &K
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void createInThread(); [[3& 30 b A gk R = XA

ThreadNode<T> *First (ThreadNode<T> *current);
[[B-IKPHF TR —ITER

ThreadNode<T> *Last (ThreadNode<T> *current);

[[F-K P HFTRE—1 4R
ThreadNode<T> *Next (ThreadNode<T> *current);

[/ B35 5

JE o

P )5 TN eY IS 4R 45 2

ThreadNode<T> *Prior (ThreadNode<T> *current);

[[F-IK &5

JE o

P )5 TN a9 ATIR 45 £
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template <class T>
void ThreadTree<T>::createInThread () §
ThreadNode<T> *pre = NULL; //AT3RZE s 3I5%

if (root !|=NULL) { [[AEZR =X ¥, L R1K
createInThread (root, pre);
/[P IFBIG & RIK =X+

pre—>rightChild = NULL; pre—>rtag = 1;
[[TE IR P IF RIS — 4551

§5
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template <class T>
void ThreadTree<T>::
createInThread (ThreadNode<T> *current,
ThreadNode<T> *& pre) {
J3B AL oh R I, 3= AT 2 R 1E
if (current == NULL) return;
createInThread (current->leftChild, pre);
[/398 Z=F-33 2% 1k
if (current—>leftChild == NULL) {
[[32 3L B ATLE R BIATIR 4 R
current—>leftChild = pre; current—>ltag = 1;
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if (pre = NULL & & pre—>rightChild == NULL)
[[3RILATIR 25 By Je a4k gk R

{ pre—>rightChild = current; pre—>rtag=1; }

pre = current;
[[ATBRER . B ATIEFH AT LD

createInThread (current—>rightChild, pre);
/3293 25 F 4 RIK

§5
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pre == NULL root / /current

0 A O

A0 B 0 0 C 0| A

/\ODO/\I /\OEO/\I
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pre ==NULL root /
0 A0

current

\

AT B|O 0 C 0|A

/\ODO/\I /\OEO/\I
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currenty root
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pre
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pre, root
N/

0 A
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0 C 0 A

/ current
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FHSHLsATATGS 4

if (current—>rtag ==1)
I 2k >9 current—>rightChild
else //current—>rtag ==
IS K29 AT EE R TH
®\) B P IFE T —~T LR
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FRETLIATFATHH R

if (current—>ltag == 1)
ATIE > current—>leftChild

else //current—>ltag ==
FTIR 29 24 AT 45 A T-H
? PHRTHORE—TEE R
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&R XM

j%‘& ﬁ'ﬁj-«l:l /TN %Féﬁﬁ

p—>ltag==

ﬁfrz}lzzi%::/= V.E%'ﬁ:

p—>rightChild /Ezk>s
NULL? p—>leftChild

p—>rightChild
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55 4% = i

7 & B L= X

’%&ﬁﬁm§%F%

q-

Sk ek TFA

IFakik L?fi/

p—>rightChild

4
q—>rtag==1 ||
>rightChild==

X

EETE—A

p—’>rtag==
\g%
IS4k 29 q=p—~>parent
q==NULL?

§\
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FEEHYEEIK
data | child, | child, | child,
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5. ¥F&-RE&E L F
L WA = R T. &AM

‘ data ‘ firstChild ‘ nextSibling I

. firstChild # W iZ& AW E —NFLEE.
EH e W Eo VI

. nextSibling 3% 1% & R =M%, £—
ERETHEHERAMT .

. ARREE AW AT L, W & {oirstChild,
P X £ Jf nextSibling &8 $5.
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AFH-NEEATFTLEAG
6 £ = L

template <class T>

struct TreeNode { [/ ¥ & £& 58 3%
T data; /145 s ¥ PE
TreeNode<T> *firstChild, *nextSibling;
[[F-%c AR FF5%

TreeNode (T value = 0, TreeNode<T> *fc = NULL,
TreeNode<T> *ns = NULL) /493 &%
: data (value), firstChild (fc), nextSibling (ns) { }
§3
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template <class T>
class Tree { IESES
private:
TreeNode<T> *root, *current;
[[AR & AR B ATIE £
int Find (TreeNode<T> *p, T value);
[[FELAP 9 AR BY 49 P 3H R value
void RemoveSubTree (TreeNode<T> *p);
/3B EAP 29 AR &0 F- 4
bool FindParent (TreeNode<T> *t,
TreeNode<T> *p);
public:
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Tree () { root = current = NULL; } /493 &K

bool Root (); [|BARLE 7 29 M ATLE SR
bool IsEmpty () { return root == NULL; }
bool FirstChild ();

[ BATLEE R — T B oY B ATLE SR
bool NextSibling ();

[ BATEE R T — 1S B 29 BATLE
bool Parent ();

[[HF 2 ATEE B R KB 29 B ATLE
bool Find (T value);

//3% 50 E-valueth £ 2, T2 B30 35 A 4 5=

...... [[#3eH LT > 3% TF
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FH-RF%EATRARKEGEA

template <class T>
bool Tree<T>::Root () {
[[TEFFTEIAR L5 S B 9 FF Y 2 AT LS 5%
if (root == NULL) {
current = NULL; return false;
h
else {
current = root; return true;

J
§5
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template <class T>
bool Tree<T>::Parent () §
[[ BB ATLE SR Y R L5 R 29 B ATEE 2
TreeNode<T> *p = current;
if (current == NULL || current == root)
{ current = NULL; return false; }
[/ 224 AR IR 5
return FindParent (root, p);
[/ ANARTF- 48 3K i SRS 25 2%

§5
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template <class T>
bool Tree<T>::
FindParent (TreeNode<T> *t, TreeNode<T> *p) {
[|EAR 29 *tey A e AP R 3, B S0 MATLE R
TreeNode<T> *q = t—>firstChild; //*qE=*tHK T
bool succ;
while (q '=NULL && q!=p){ /i@ E&
if ((succ = FindParent (q, p)) == true)
return succ; //ZEIAIRFRLA*QY9IREY-T-F
q = q—>nextSibling;
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if (q!=NULL && q==p){
current = t; return true;

}
else { current = NULL; return false;} //AR3ik=l

}5

template <class T>
bool Tree<T>::FirstChild () {
[[FEFFT P IK BATLE R RT, FHE G ATLEE 5
if (current & & current—>firstChild )
{ current = current—>firstChild; return true; }
current = NULL; return false;

}s
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template <class T>
bool Tree<T>::NextSibling () {
[|FEHS o 3% 24 AT 48 SR b S, S+ B 00 MATLE R
if (current & & current—>nextSibling) {
current = current—>nextSibling;
return true;

)

current = NULL; return false;

§5
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B A (BRERAR) W

- )T RARGRF R SR
ABCDEFG
. 3 Bk R B — A

template <class T>
void Tree<T>::
LevelOrder(void (*visit) (BinTreeNode<T> *t) ) {
[[3R I~ BV R IF D R RIS A, PTehIRLE R R
[/ 24 AT F5$tcurrent,
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}s

Queue<TreeNode<T>*> Q;

TreeNode<T> *p;

if (current != NULL) { [[#F R
p = current; [[F%F 24 AT FE £t
Q.EnQueue (current); /AR 45 S 2 BA 5

while (!Q.IsEmpty ()) {
Q.DeQueue (current); /[3R B BA 3
visit (current); [/iF | <
current = current—>firstChild;
while (current != NULL) {
Q.EnQueue (current);
current = current—>nextSibling;

h

current = p; [ BB 35FFs& e B ATIE#

103



A kb = b6 #

R A = X R R B R AR Y T - L
HRT R R EH

. PG Z XA W H T DU B AR Y — X
R REIL.

104



(B

(E)

(A)
©
()

= O
O

D)
©
K

A X PRI

HARATEY = R AT R



B A3 A A = A 6 0
O EFAZE, Hn=0, WXNH_XHBXA
=
@ & FA%E, N
vV Z XM BWRE F %M T, HR;

v

v

/‘\ E%*ﬁﬁB (T119 T129 oo
T, Ty, ..

;\7'5—1)‘*%1‘7@ B (Ty, Ts, ..
T, ...

T, =R T, ShE

1,,), *%,

7ET%R%%%

L, T), ®¥, T,
b%%&%ﬁ

106



= A ht 2 A A ARG 0

O WEBAXE, N
® R BIEX, N

v F H

Xt I FRAR F k22

R — R T, ARN B BYAR;

v T %*&éﬁ%*ﬁﬁ%{]wlp T129 °ee) Tlm}%

v FE

1

(Ty Ty ..., T, } R B
% T T B B FRAR.

™l

H B WARM Z T LB #%3%10 X;
7 T, z%;

AR AR 2L B B FRAR

B AR W #E M RB

107



B & 5

. BRI T g R R AR Sl fu ) A AR
W7, BRI X 5 Kh EARK T )
frﬂ)‘*ﬁwﬁ?ﬁ)ﬁ

2V QNN
. BEZNF, BEF=0, WEHEXR. TN
. %F={{T trs Ty eees Ty} Toy ooy T35 /\lj

o DA i e AR G F*&ﬁﬁ%ﬁﬁ% i
H, nEFHRRERE R, (T ..o Tyl
F— R F RN, {T2, ...,Tm};% =%
— BRI 25 T AR YA B Y BRAR

108



B0 AR &S

. EHFMARF=0, KH; EN

VI B RAARER (W E—FRER) r;

v S AR B — R Y AR B T AR R AR
s oees Tyt

v/ Se AR [T FRAR AR S — AR Sh Ik AR 4L Rk
0 HxMAT,, ...,T, ).

109



. BRARE SEAR K 3 o G R T 5
ABCDE FG HIKJ
- XA TR XM R R SR,

110



ARG Sk A &G

ERNRF=0, &KE; &N

v EREI B F R RE R T
BT 115 -0 Tiid

v i EHREARRE R
v JEARE T R RE AR S 4
BRI BRAAT,, ooy T} o

111



. BB EARK T 38 7 o Z R 5
BCEDA GF KIJH

- AT RN = X PSR

112



;B KESG (& RA RS )

EHRMF R{ZE, RHE;

£ N

v AR i AR
RER;

v AR K i BRI AR
ERWIATX;
v AR R X T 2L
) FRETXER FHBCDGII EK

ag



% (Heap)
i %, B A 7]

« FRHAFINZRENRKEHNTE.
« LR FRET, REHmREE.

template <class E>
class MinPQ { [[ NP BRBATY FLBY X
public:

Virtual bool Insert (E& x) = 0;

Virtual bool Remove (E& x) = 0;

§5
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template <class E>

class MinHeap : public MinPQ<E> {

[/ BN ART (HAN) DEELLENT)

public:
MinHeap (int sz = DefaultSize);
MinHeap (E arr[], int n);
~MinHeap() { delete [ ] heap; }
bool Insert (E& x);
bool Remove (E& x);

kS EAESE
/13 ¥E 5% 3K
i o JESE S
[[FEN
/[ B
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bool IsEmpty () const TESE:: HeShe:
{ return currentSize ==0; }
bool IsFull () const [/3) SR
{ return currentSize == maxHeapSize; }
void MakeEmpty () { currentSize =05 } //E =R
private:

E *heap; [[FRANESTTIR B TE A
int currentSize; [[ B AN 2 AT SR

int maxHeapSize; //RANEBRREE

void siftDown (int start, int m); //VAEZE%

void siftUp (int start); [[EFEZE S
i
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template <class E>
MinHeap<E>::MinHeap (int sz) {

maxHeapSize = (DefaultSize < sz) ?

sz : DefaultSize;
heap = new E[maxHeapSize]; [/€Y 3% I 20 )a
if (heap == NULL) {
cerr << ‘“EHFEZEARIK] ¥ <<endl; exit(l);

§

currentSize = 0; /3R 3L 2 AT R 4>
s
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template <class E>
MinHeap<E>::MinHeap (E arr[], int n) {

}s

maxHeapSize = (DefaultSize <n) ? n : DefaultSize;
heap = new E[maxHeapSize];
if (heap == NULL) {
cerr << “FEHFHZEARIK! 7 <<endl; exit(1);
5
for (int 1 = 0; 1 <n; 1++) heap[1] = arr[1];
currentSize = n; /[ SR 2R, 3R ST 2 AT R A
int currentPos = (currentSize-2)/2;
/KB BAETLE . BIEZD a5

while (currentPos >=0) { //&Zm LI KNiE

siftDown (currentPos, currentSize-1);

/B3B8 Lm T FHEE

currentPos—-;
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currentPos=i=1

Step 1 Step 2
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currentPos=1i=90
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RAEGT kA %KLk

template <class E>
void MinHeap<E>::siftDown (int start, int m ) §
[|FoF R ¥ : MEEsRstartFFsE B m2yak, 8 La T HAR,
[/ TS TEAINTFREEREYTE, N RXBEEDIEY LT,
[/ R T B AR, - — 1 IERIPHEE IR IE,

int 1 = start, j=2%*1+1; [[j RIS ET-ScTL B

E temp = heap[i];

while (j <=m) { /(B REERSTE

if (] <m && heap[j] > heap[j+1] ) j++;
/i) FE I PR TS ey I
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if (temp <= heap[j] ) break; //ASRIFEKEEE
else { heap[1] = heap[j]; 1=7;]=2%+1; }
[[BRINE LIS, i, T

5
heap[1] = temp; /B2 temp P HFEYTF

§5
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IR 3 6 3G~
» BRENAWMERNRE, BE THLEHATHE,
fE Z BEHH B, M EZZREOog,n).

template <class >
bool MinHeap<E>::Insert (const E& x ) {
[ R FXIFEBNBI R AP
if ( currentSize == maxHeapSize ) //3&3K
{ cerr << "Heap Full" << endl; return false; }

\

heap[currentSize] = x; [/ 3EN
siftUp (currentSize); [/ 7 8 X
currentSize++; /it ]

return true;

§5
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template <class >
void MinHeap<E>::s1ftUp (int start) {
[[F6H R NG SRstartFFSB R R0>9.8, B THE L
[[BLER, Sn R TF-SoeY T ANT-RES SREY TR, W48 2 3K ke,
[[AAA RS EMEREIB AR, FBBIARTF<=
[[TEEPRREX,

int j = start, 1=(-1)/2; E temp = heap|j];

while (> 0) { /38 R &5 R pEin e LB AKIR
if (heap[1] <= temp) break;
[[AREE RN, NFE
else { heap[j] = heap[i]; j=1; 1=(0"1)/25}
[[REEIREERTERN, HE
h
heap([j] = temp; /B34

}; 128
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% o o e ok

template <class E>
bool MinHeap<E>::Remove (E& Xx) {

}s

if ( !currentSize ) { /32, 3B Elfalse
cout << "Heap empty" << endl; return false;

h

x = heap[0];

heap[0] = heap[currentSize—1];

currentSize——;

siftDown(0, currentSize—1); /B L@ TFHEAEZGRE
return true; [[AR Bl AN T
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. RBERKERNEA
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Huffman#¢ 6§ £ = s

#include "heap.h"
const int DefaultSize =20; //[s+&HAARBEFRE RN
template <class E>

struct HuffmanNode [/ 3325 59 BE X
E data; NS85 %

HuffmanNode<E> *parent;
HuffmanNode<E> *leftChild, *rightChild;
[1ZE, BTF-LFa X5 F5%
HuffmanNode () : parent(NULL), leftChild(NULL),
rightChild(NULL) {} //49¥ &#K

141



§5

HuffmanNode (E elem, /149 25 R 2

HuffmanNode<E> *pr = NULL,
HuffmanNode<E> *left = NULL,
HuffmanNode<E> *right = NULL)

: data (elem), parent (pr), leftChild (left),
rightChild (right) { }
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template <class E>
class HuffmanTree { /[Huffman#g 3£ 2 X
public:
HuffmanTree (E w[], int n); /493 52K
~HuffmanTree() {deleteTree (root);} //#T49 &2

protected:
HuffmanNode<E> *root; [[F3EY AR
void deleteTree (HuffmanNode<E> *t);
[[MIBR LA t 29 4R a9 T35
void mergeTree (HuffmanNode<E>& htl,
HuffmanNode<E>& ht2,

HuffmanNode<E> *& parent);

}; 143



# z Huffman#t ¢ 4 &

template <class E>
HuffmanTree<E>::HuffmanTree (E w[], int n) {
/6 & n AR w([0]~w[n-1], 493 Huffman#3
minHeap<E> hp; [[TEFA SR AN B AR
HuffmanNode<E> *parent, &first, &second;
HuffmanNode<E> *NodeList =
new HuffmanNode<E>[n]; //#&#k
for (int1=051<nj1++) {
NodeList[1].data = w[1];
NodeList[1].leftChild = NULL;

144



NodeList[1].rightChild = NULL;
NodeList[1].parent = NULL;
hp.Insert(NodeList[1]); //3@NE AR S

§

for(1=051<n-151++){ //n-1#, 32Huffman#3y
hp.Remove (first); [[ARATEL R AN 45
hp.Remove (second); [[ARATELR ANe B9
mergeTree (first, second, parent); [[& 5
hp.Insert (*parent); [/ #r 3E NS

5

root = parent; [[3RILAREE 5]

§5
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template <class E>

void HuffmanTree<E>::

mergeTree (HuffmanNode<E>& btl,

HuffmanNode<E>& bt2,

HuffmanNode<E> *& parent) {

parent = new HuffmanNode<E>;

parent—>leftChild = &btl;

parent—>rightChild = &bt2;

parent—>data.key =
btl.root—>data.key+bt2.root—>data.key;

btl.root—>parent = bt2.root—>parent = parent;

§3
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Huffmanig 4%

FERRTLABEESE. RED —BEMX:
CAST CAST SAT AT A TASA

. FHEER {CAS, T} ANFHAHIANR

B (R¥) 2 W= {2745}

. BHBNFRUFKEE (2L =36 %)
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