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#include <iostream>
#include <vector>

#include <algorithm>
using namespace std;

void backtrack(int idx, int restTime, int curValue, int& maxValue,
const vector<int>& time, const vector<int>& value) {
if (idx == time.size()) {
maxValue = max(maxValue, curValue);
return;



}

// REBATIZY
backtrack(idx + 1, restTime, curValue, maxValue, time, value);
// HuMATEZS (FmREdEER)

if (restTime >= time[idx]) {
backtrack(idx + 1, restTime - time[idx], curValue + value[idx], maxValue,
time, value);
}
}

int main() {
int T, M;
cin >> T >> M;
vector<int> time(M), value(M);
for (int 1 =0; i < M; ++1) {
cin >> time[i] >> value[il];

}

int maxValue = 0;

backtrack(0, T, 0, maxValue, time, value);
cout << maxValue << endl;

return 0;

}
* DP

#include <iostream>
#include <vector>
#include <algorithm>
using namespace std;

int main() {
int T, M;
cin >> T >> M;
vector<int> time(M), value(M);
for (int 1 =0; i < M; ++1i) {
cin >> time[i] >> value[il];

}

vector<int> dp(T + 1, 0);
for (int i = 0; 1 < M; ++1) {
for (int j = T; j >= time[i]; --j) {
dp[j] = max(dpl[jl, dpl[j - time[il] + valueli]);
}
}
cout << dp[T] << endl;
return 0;

}
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for(i=sum=0;i<n;i++)

sum+=a[i];
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for(i=0;i<n;i++){
for(j=1,sum=a[0];j<=1i;j++){

sum+=aljl;
}
}
fli: O=1i=0)+3n+2(1+2+..+n—1)=0(n?)
(4]

for(i=4;i<n;i++)
for(j=3;sum=alj-4];j<=1;j++)
sum+=aljl;
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2. ZVE3R ADT

template<class T>
class List{

void
bool
void
void
void
bool
bool
bool
b

clear();

isEmpty();

append(const T value);

insert(int p,T value);

delete(int p);

getPos(int& p, T value);//=#value, R EHEE
getvalue(const int p,T& value);//seprraeymEazivalue
setvalue(const int p,T& value);//Avalueekpaaia;
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Loc(k;) =b+ L Xxi,
Hodp: AKak: b = Loc(ky); #w#52: L = sizeof (ELEM)
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enum Boolean {False,True};
const int Max_length = 100;

template <class T> [/ BRI Ry A e i T
class list { //E R, mE
private
T* nodelist; [/ RFEE, HHIRF RSB E
int maxSize; [/ FFT IR, WFRRBIGYRAREL
int curLen; [/ EE, IUFRIDBIEY BATR AL
int position; [/ FFT R, BATRIBTLE
public:
list(const int size); //HEFET RBREERPIGBANKE
~list(); [/ ¥HFETF ATHIRRREIM S

arrList(const int size) {// tis—a-snFk, SikHERRBIGYR/RAER
maxSize = size;
alList = new T[maxSizel;
curLen = position = 0;

}

~arrList() { // #somik, MIHERIRERP)
delete [] alList;

}

void clear() { // ®BIFEREEEINEEE, RAYRER
delete [] alList;
curLen = position = 0;
alList = new T[maxSize]l;

}

int length(); / /3B BIFUF F i 25 AT SR PRAS S
bool append(const T value); //EZRE—mRIE, REMm]

bool insert(const int p, const T value); //#&EprmEsEsiavalue, #E&mwl
bool delete(const int p); //METEpEYTIE, RERA]L;

bool setValue(int p, const T value); //Avaluetsek i & pay T =18

bool getvalue(const int p, T & value); //#EpruamEEzizEvalues
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// ZE3xmvalueshRE, HFEEHIREMEGTE
bool getPos(int &p, const T value);
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struct ListNode{
ELEM data;
ListNode* next;
}
typedef ListNode* ListPtr;
ListPtr head,tail;

» RAE X

template <class T>
class lnkList : public List<T> {

private:

Link<T> *head, tail; // esEdeysk, RIgH

Link<T> *setPos(int p); // BE%IERIEMBPIREEYISHIE
public:

InkList(ints); // MrEEk

~InkList(); // AR

bool isEmpty(); // FwrsERES R

void clear(); // BEEREHEENESER, AR K

int length(); // AR E SLIFUR IR el 24 AT SRR A

bool append(T value); // EERRFm—IxFEValue, EoyEEE]

bool insert(int p, T value); // wEmRpEAN—IRFEVAlUue, EeyRmgl

bool delete(int p); // MERmAP L TE, JehREMR 1

bool getValue(int p, T value); // EETHEpEYSTETL

bool getPos(int p, const T value);
} // =#xumssvaluem gk, H#EEHLRENGLE
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template<class T>
Link<T>* 1nkList<T>::setPos(int 1){
int count=0;
if(i<=-1) return head;
Link<T>* p=head->next;
while(p!=NULL&&count<i){
p=p->next;
count++;
}

return p;

}
» FERIEHA

¥ #e4di \: bool insert(int i, T value)

p = setPos(r1) .- —-|
P

q = new ListNode

q—>next=p->next ) /

=+
q

I = o B
q

[+ -

p->next=q _.| | —I— | | _|_.




ListNode* Insert(int i,T value){
ListNode* p,*q;
g=new ListNode;
p=setPos(i-1);
if(p=NULL) return false;
g->data=value;
g->next=p->next;

p->next=q;

if(g->next=NULL) tail=q;

return true;

}
- BERMIR

2B bool delete(int i)

d (FiHF)
\

p = setPos(i-1);
P
d = p—next;

p—> next = d—> next;
delete(d)

template<class T>

bool lnkList<T>::delete(const int i){

Link<T> *p,*d;

if((p=setPos(i-1))==NULL| |p=tail) return false;

}
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S = new
s->data
s->next

head = s
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value;
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struct DoubleListNode{
T data;
DoublelListNode* prev;
DoubleListNode* next;

+

struct DoublelList{
DoublelListNode *head, *tail;

};

!
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h;d . .//‘_"/. | » ”
Y ] — - —1

p-=prev->next=p->next; P

p-Znext->prev=p->prev;

p-=prev=NULL;
p->next=NULL;
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delete(p)
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template<class T>
class Stack {
public:
void clear(); // =ik
bool push(const T item); // XN, AzpREIL



bool pop(T& item); // =m#%, AzmpmEI, seE#TEAHENIten
bool top(T& item); // =#kiismsgs, AxEEIE, H+F#HITEAENLIten
bool isEmpty(); // #wrkmas 9=

bool isFull(); // 3wrixmases5m
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template<class T>
class arrStack:public Stack<T> {
private:
int mSize;// #evsmoasir
int top;//#muE, < mSize
T* st;// #EHmmika
public:
arrStack(int size)({
mSize = size;
top = -1; // #®ImIsstavsetess -1, wam#os
st = new T[mSizel; // =AazEeska
}
arrStack(){
top=-1;
}
~arrStack(){
delete[] st; // BxapAaEadika
}
void clear() {
top = -1; // =

}
}
b IR NSEJEIRFP, BIGIEARITCRH TN 4, RIFHKIKN 3, 2, 1
c. U M PRI H «

S, JCR AR, AT RET BN AF R BRI (D
XA IEAT MARIRAE, ATRE BT R ARENAE CR D

AT

(e



bool arrStack<T>::push(const T item){
if(top==mSize-1){
cout<<"#e s, T aik'"<<endl;
return false;

}

else{
st[++top] = item; // HrFmAkin
return true;

}

}
e. B H AR T

bool arrStack<T>::pop(T& item){
if(top==-1){
cout<<"#9=, RHmaik'"<<endl;
return false;

}

else{
item = sttop--1; // ##immzsaiten, sEikmisst T
return true;

}

}
2. BEAMR: FPRBERAAE, TREHDT A MARTOA N EERE, U e M )
a. BEA A A1)

template<class T>class 1nkStack:public Stack<T> {
private:
Link<T>* top; // #imssst
int size; // ##hRa
public:
InkStack(int defSize) {
top = NULL; // wsstesemmdsstoms
size = 0; // #kevyRADweE160
}
~lnkStack() {
clear(); // #rigedsmik

}
b. R IR

bool 1nkStack<T>::push(const T item){
Link<T>* tmp=new Link<T>(item,top); // ¢lsas=wsa, 5@ 2A7400
top = tmp; // Z=awikiiisst
Size++; // #R4Em
return true; // N#Aizp

}

Link(const T info,Link* nextValue)({
data=info;
next=nextValue;

}

c. HEAR A H AR



bool lnkStack<T>::pop(T& item){
Link<T>* tmp;
if(size==0){
cout<<"#m, Fmpaik'"<<endl;
return false; // #z9z, SRk

}
else{
item = top->data; // w#immaz=am nitem
tmp = top; // #RAEZATHEIY R
top = top->next; // Z=Eawicimssst
delete tmp; // FxmEHLITH AR
size--; // #ARAH
return true; // #Siestz
}
}
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#include<iostream>
#include<string>
#include<stack>
#include<cctype>
using namespace std;
int main(){
string s;
cin>>s;
stack<int> st;
string tmp="";
for(int i=0;i<s.size();i++){
char ¢ = s[il];
if(c=='@")
break;
if(isdigit(c))
tmp+=cC;
else if(c=="'."){
if(tmp.empty()){
st.push(stoi(tmp));
tmp = "%



}

}
else if(c=="+"' || c=="-" || c=="*" || c=="/"){
int a=st.top();
st.pop();
int b=st.top();
st.pop();
int res;
switch(c){
case '+':
res = b + a;
break;
case '-':
res =b - a;
break;
case '*';
res = b * a;
break;
case '/':
// if(a == 0) {
// cout << "Error: Division by zero" << endl;
// return 1; // Exit on division by zero
// %}
res =b / a;
break;
}
st.push(res);
}
}
cout<<st.top()<<endl;
return 0;

}
[ocsd s ] 1. ddkkkihit &
2. >10 B A& HHAE
d. GBI HE2SSEE X

class Calculator {
private:
Stack<double> s;
bool GetTwoOperands(double& opdl, double& opd2);
void Compute(char op);
public:
Calculator(){};
void Run();
void Clear();

template<class ELEM>
bool Calculator<ELEM>::GetTwoOperands(ELEM& opdl, ELEM& opd2) {
if (s.isEmpty()) {
cout << "oz TsmsEmIETEIR" << endl;



return false;
}
opdl = s.top(); // smesims
s.pop(); // mumkmmiE
if (s.isEmpty()) {
cout << "#eRF—TIHRTFELK" << endl;
return false;
}
s.pop(opd2); // s —1#Tr
return true; // BzpIRBRFAFTEZR

template<class ELEM>
void Calculator<ELEM>::Compute(char op) {
bool result;
ELEM opdl, opd2;
result = GetTwoOperands(opdl, opd2);
if(result==true)
switch(op) {
case '+':
s.push(opd2 + opdl);
break;
case '-':
s.push(opd2 - opdl);
break;
case '*';:
s.push(opd2 * opdl);
break;
case '/':
if (opdl == 0) {
cout << "Error: Division by zero" << endl;
return; // Exit on division by zero

}
s.push(opd2 / opdl);
break;
default:
cout << "Unknown operator: " << op << endl;

}
else s.ClearStack();

template <class ELEM> void Calculator<ELEM>::Run(void) A{
char c;
ELEM newoperand;

while (cin >> c, c!l= '=") {
switch(c) {
case '+': case '-': case '*': case '/':
Compute(c);
break;
default:

cin.putback(c); cin >> newoperand;



S.Push(newoperand);
break;

}
}
if (!S.IsEmpty())
cout << S.Pop() << endl; // epsimeysmissss

}
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RIEF=H I ERGHBRN AR, RRILE—VIFREERIENR.

#include<iostream>
#include<stack>
#include<string>
#include<vector>
#include<cctype>
using namespace std;

int grade(char op)A{

if(op==""")
return 4;

else if(op=="*"||op=="/")
return 3;

else if(op=="'+"'||op=="-")
return 2;

else if(op=="(")
return 1;

else
return 0;

}

void cal(vector<string>& v){
for(int 1=0;i<v.size();i++){
string c=v[i];
if(c=="+"||c=="-"||c=="*"||c=="/"]|c=="""){
int a=stoi(v[i-2]);
int b=stoi(v[i-11);



int res;

if(e=="+"){
res=a+b;

}

else if(c=="-"){
res=a-b;

}

else if(c=="*"){
res=a*b;

}

else if(c=="/"){
res=a/b;

}

else if(c=="""){
res=1;
for(int j=0;j<b;j++){

res*=a;

}

}

v[i-2]=to string(res);
v.erase(v.begin() + 1 - 1, v.begin() + i + 1);
return;

}

int main() {
stack<char> op;
vector<string> all;
string str;
cin>>str;
for(char c:str){
if(isdigit(c)){
all.push back(string(1l,c));
}
else if(c=="("){
op.push(c);
}
else if (c == "'"+' || c="'"-" || c="*" || c=="/" || c=="'""") {
while ('op.empty() && op.top() !'= "(') {
char top _op = op.top();
if (grade(top op) > grade(c) || (grade(top _op) == grade(c) && c !=
‘)Y { /) mEmssasn
all.push back(string(l, op.top()));
op.pop();
}
else break;
}
op.push(c);
}
else if(c==")"){
if (top.empty()){
while(op.top()!="("){
all.push back(string(l,op.top()));



op.pop();
}
op.pop(); // zes ' (

}
}
while('op.empty()){
all.push back(string(l,op.top()));

op.pop();
}
while(1){
for (int i = 0; i < all.size(); i++) {
cout << all[il;
if (i < all.size() - 1) cout << " "
}
cout << endl;
if(all.size()==1) break;
cal(all);
}
return 0;
}
CS 9=

* 1.char 3| string FI%54# c->string(1,c)
o 2L ALEENFH: if (grade(top op) > grade(c) || (grade(top op) == grade(c) &&
c =)

3. EE I 5 3 EOLE A

o BRI AG LR ARAR, TR B K

 WREMSAEER (DFS): MEATHORAE G VT T, Sl

- AT

RIFEISHIESEREREE, 3% (heap) Fl#E (stack)
» HERENAFAFELIFO (HEMEFHISE) MASHE

» ERATFARKREERHALLIFOREPRRIEE (EINSHNENEA)
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3.2 BABI BB R AR KPR T)

—. BAFI I 5E X
LSt (FIFO)
2. PRV 1] 55 221 2

3. BA3k: front PAJE: rear APBA: enQueue HiPB\: deQueue HYFAE: getFront H|=:
isEmpty

. BB R B R A

template<class T> class Queue{
public:
void clear();
bool enQueue(const T item);
bool deQueue(T& item);
bool getFront(T& item);
bool isEmpty();
bool isFull();
b

=. BRI s B 7 3
L BAS - (O AE B 1 AR H D
a. FAEAAAEBNIITTER, AR IR BTG (front) A1 (rear)

front rear

! l

0 1 2 3 1

o

- BB i

b HBABER, AR R AR

T BB, PO BRI AR

it 4 rear = mSize—1 W, HEENBHEBS AR, WX BT 5mE A
WEAEAE, X RRON B H

c. JEABAI KIS SE X

class arrQueue:public Queue<T>{
private:
int mSize;
int front;
int rear;
T qu;
public:
arrQueue(int size){
mSize=size+l;// sr#—A~HhesmiE, LA SUBAZ) 2 FapA SIS
qu=new T[mSize];
front=rear=0;



}

~arrQueue(){
delete [] qu;
}
b

bool arrQueue<T>::enQueue(const T item){

if(((rear+l)smSize)==front){
cout << "BhzmlEss, A" << endl;
return false;

}

qul[rear]=item;

rear=(rear+1)%mSize;

return true;

}

bool arrQueue<T>::deQueue(T& item){
if(front==rear){
cout << "BAzIx=" << endl;
return false;
}
item=qu[front];
front=(front+1l)%smSize;
return true;

}

2. BEA NI CHIFEER T A, BRI RS o0 300 R A (R — AN 25 )

a. BEABAI RIS CHESARET 7 10 72 M BA S A4 i o ) e S 42 )

f

" kol T k| T

k“'lN

b. HEABAA 15 5E

template<class T>
class 1nkQueue:public Queue<T>{
private:

int size;

Link<T>* front;

Lint<T>* rear;

public:
IlnkQueue(int size);
~1nkQueue();

}

bool enQueue(const T item)({
if(rear==NULL){



front=rear=new Link<T>(item,NULL);

}

else{
rear->next=new Link<T>(item,NULL);
rear=rear->next;

}
size++;
return true;

}

bool deQueue(T* item){
Link<T>* tmp;
if(size==0){
cout << "BAzIx=" << endl;
return false;

}

*item=front->data;

tmp=front;

front=front->next;

delete tmp;

if (front==NULL)
rear=NULL;

size--;

return true;
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» Bl R EIRFAE: 0, HirAF: 1
- HERR: B status R R DR ERIRER HORA
» BEAMR . MIRZS 0000 %L 00 ik, e ZeRESHWEIPRERFS], DURE
1111 (B 15) Ry Bbn. RSP I REASIRESH T DONRT—IR&E ALK (TR
— RV RIS s RSk . FRA TR A RE LR RS
void solve(){
int movers,i,location,newlocation;
vector<int> route(END+1,-1); //ieFeE etk sisiz
gueue<int> moveTo;
moveTo.push(0x00);// #=x5enQueue
route[0]=0;
}

while(!'moveTo.empty()&&route[15]==-1){
status=moveTo.front();//iszlzsEeyk s
moveTo.pop();//4@=x5deQueue
for(movers=1;movers<=8;movers<<=1){
//BRRLERIEAST), HARRISHAL AL R IER R JF G R ET
if(farmer(status)==(bool) (status&movers)){
newstatus =status ~(0x08|movers);
if(safe(newstatus)&&(route[newstatus]==-1)){
route[newstatus]=status;
moveTo.push(newstatus);}

}

// BIMITEP REEiR
if (route[15] != -1) {
cout<<"The reverse path is :" << endl;
for (intstatus = 15; status >= 0; status = route[status]) {
cout<< "The status is : “ << status << endl;
if(status == 0) break;

}
else
cout<< "No solution.” << endl;

e. FRATBA S R AH HL A ALL

3.3 MRHIRLA: 389 2RI

— . ] B () T e e
1. [#1] Brafe
o I

int f(int n){
if(n<=0)



return 1;
return n*f(n-1);

}
L |SST Y=
int f(int n){
int m=1;
for(int i=1;i<=n;i++)
m*=1;
return m;
}
s BihIH:
int f(int n,int x){
if(n<=0)
return Xx;
return f(n-1,x*n);
}
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1. B ARS8 H s
L BE— TR A0 LAFe %

enumrdType{0, 1, 2}; //sm=5EEHE3
public class knapNode{
int s, n; // HeBEFYHHKE
rdType rd; // BEFRIFS



bool k; // sEEBR

s
* 2. WHE t2 MEAR S

label 0: ZE—AA[FATIES)
label t+1: W& fERERLE R AL

v

v

v

* 30 WImEEEIEA
Stack<knapNode> stack;
knapNodetmp;
tmp.s= s; tmp.n=n, tmp.rd = 0;
stack.push(tmp); /] NI
4 B i (=1, e, AN
s ARRBUASE 1 (=1, -, ONMBHIARMIEREL rect (al, a2,
GIR=%:1¥
» FEEIIAR SN 1 IR TE A
S.push(i, al, ..., am);

goto label®;

label i: S.pop(&x);
/ /AR 3B B A X Bt 1T 48 SL &Y IR 5] 5L 38

* 5. P A AR hniE A
goto label t+1;
© 6. BRSO tH] BRI

S.pop(&tmp);

switch (tmp.rd) {

case 0: return;

case 1: gotolabell; break;
Y-

cast t: gotolabelt; break;
default: break;

}

7. BUSESHFRE TR
8. tifbabrE

[\]

bool knap(int s,int n){
if(s==0)
return true;
1f((s<0) || (s>0&&n<1))
return false;
if(knap(s-w[n-1],n-1)){
cout<<w[n-117;

label i (1 <=1 <= t): & i MMEBIHIR[E 4L

) am);
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return true;

}

else
return knap(s,n-1);

Parar 7. = S5y $

4.1 TR R FEABE S

L RIEAGE X
LORFIRIIZRIER, RIJCR N TR I Z R

2.n(>0) MEFRARTI, —MIE/E S cyeieg.cy10 STEHS, coeicy...cp T
B, c;ZHhrff, nHk

S A =)

L 74 (char) = RSP ER BB A B

2. PUEHOB T 7754 = (RIZMER, FinaRES)
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s FHREEHKT
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Bix

Haik

3 N

?% substr () IRE—E8ETER

. swap () AR EBIIARES

™~
FEI/323% EerTil RN ES T
ﬂ:t{E assign () B—1 . —ER. N TFERESS— A+
it _ B R — R (ES B—

BN insert() EAEREEN—NTE. S s

= append () / += | B BB, HBENER—EBE
i + B — MBI B R — B Sk SR
&5 find () BEFHRE— N FREBIRFHE R
g }% /:%EB ? replace () Bie—MEEFHE— 1 BNFE

U 28 clear () Gl N T =l e
ﬁﬁ\_l_ size () / length() | RESPFFHFHEE
2 max_size () AR AR

. A AT

L B MR HAF

char& string::operator[](int n);

2. ¥ AT REAL T AR

int string::find(char c,int start=0);

3. [l T4k, LR BN T AF

int string::rfind(char c,int pos=0);
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H— MRk R Edrid \e' (C/C+t)
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e T E R L

private:
char* str;
int size;




String s1 = "Hello";

s
str: » H e | | o | \O
size: 5 0 1 2 3 4 5
= B IS S SI
int strcmp(char* d,char* s){
int 1i;

for(int i=0;d[i]==s[i];i++){
if(d[i]l=="\0"'&&s[1]=="\0")
return 0;

}
return (d[i]-s[i])/abs(d[i]-s[i]);

4.4 75 AR UL AT

—. R UL
L€ fERBR T HhFHR— g i P il s
2. B SCARYwABRIIREE ), AR ER, DNA 15 BTN
3. MaEr P, fEHFRFATHE T R 5K P 2FR—T1H, JERME T hEE—
AP ARIVLECH 3-8 (IR “BCH ™D, IR B E PR E
—OANREE
1. 55589
int Findpat(string T,string P,int startindex){
for(int g=startindex;g<=T.length()-P.length();g++){
for(int j=0; ((j<P.length())&&(Tlg+j1==P[j]1));]++)
if(j==P.length())

return g;

}

return -1;

}

2. SN AREHIE T MKERN n, X P KEAN n (n<n), EHEARWHBELT, F—IK
TEIRERA RS, W —FL AT (nem+ 1) IR, K “HHFIUCEL” LR FTFE 3% (i)
], s& P AT BDFRFEE IR, SAERT, 3 k- Bk, BNEIENERA
IR AL 19 O(m * n)
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e Subtask 0 (30 points): |s;| < 15, |sy| < 5.

e Subtask 1 (40 points): |s1| < 10%, [s2| < 10%
e Subtask2 (30 points) : THHLAE,

* Subtask 3 (0 points): Hacks

HFLBEGWRS, FIEL < |s1],[s2] < 105, 51,80 PHREAEEXFE,

5.1 X HIRER

— o EX: X (binary tree) HZE NI HRESGH K, XNHIRESSE ATE
(empty) , BEH NH—MREE & (root) KR EAMAS . 3 AFREX MR L T (Teft
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template<class T>
class BinaryTreeNode{
friend class BinaryTree<T>;// oA —=Rigiz92m2t
private:
T info;// =495 makmat
public:
BinaryTreeNode(); // #&toxsm#k
BinaryTreeNode(const T& ele); // sasesiguhigss
BinaryTreeNode(const T& ele,BinaryTreeNode<T>* 1,BinaryTreeNode<T>* r);// T34y
a2 R
T value() const;// ZEEXATLE AR
BinaryTreeNode<T>* leftchild() const;// ZEZEF4
void setlLeftchild(BinaryTreeNode<T>*); // i Z2=543
void setRightchild(BinaryTreeNode<T>*); // #&ma54
void setValue(const T& val); // i&msdsst
bool islLeaf() const; // sr2as9otess
BinaryTreeNode<T>& operator =(const BinaryTreeNode<T>& Node);// Eatmsiasr

template <class T>

class BinaryTree {

private:

BinaryTreeNode<T>* root; // =X4giRzEA

public:

BinaryTree() {root = NULL;};
~BinaryTree(){DeleteBinaryTree(root);};

bool isEmpty() const;// #R=X4RE29=p
BinaryTreeNode<T>* Root() {return root;}; // ZmEiRzs~

s

BinaryTreeNode<T>* Parent(BinaryTreeNode<T>* current); // BER
BinaryTreeNode<T>* LeftSibling(BinaryTreeNode<T> *current);// #=5
BinaryTreeNode<T>* RightSibling(BinaryTreeNode<T> *current); // =5
void CreateTree(const T& info,

BinaryTree<T>& leftTree, BinaryTree<T>& rightTree); // AoEEFA
void PreOrder(BinaryTreeNode<T> *root); // RS R AT
void InOrder(BinaryTreeNode<T> *root);

// R = XA T A

void PostOrder(BinaryTreeNode<T> *root); /] TS = XA I TS



void LevelOrder(BinaryTreeNode<T> *root); // #/Z2R#m5 —X4fs0HL54
void DeleteBinaryTree(BinaryTreeNode<T> *root); // e =X 4954

AR

struct Node{

int v;

Node* 1;

Node* r;

Node(int x):v{x}, L{NULL}, r{NULL}{}
+

-« DFS 3 JJ; — X #

o BUFVE: VI IARGS A FRRT W s R i A
o HHEVE: PR U5 AR A R s A
s AP IR LE W IEFEIA R ViR A

RIZ(FeiEh X
® . BIFESI2: ABDEGCFHI

. hEFHE: DBGEACHFI
- EEFHE: DGEBHIFCA

® O
& O
FATN

- BIFEIR): -+*abc*a+bc
i a*b+c-a*(b+0c

- BFE(EZ) : ab*c+abc+*- ~

o M



template<class T>
void BinaryTree<T>::DepthOrder(BinaryTree<T>* root){
if(root!=NULL){
Visit(root);//#r%
DepthOrder(root->leftchild()); // =iairimzEsiy
Visit(root);//==
DepthOrder(root->leftchild());// zimirimzs54
Visit(root);//==%
}
}

(6] Sl X RSN {A,B,C,D,E, F,G}, iFF%1 N {B,D,C,A,F,G, E}
s AT 750 9 2

fift
1. RERT R
o EFREHNEE— AR YRS 1 3 5,
o [EFR5: {B,D,C,A,F,G,|E|} - #5555 E,
2. MIREEFH (EFHhEF)
« 55 {A,B,C,D,E, F, G} th:
o RPEH EAM {A,B,C,D} BEFH 1 5,
o TR EAN{F, G 26aFH 1 5,
3. IR F IR R 5
« EFHW: BRFFFIFRTSR ERRSEtn (KEAEFNT=E4) - {B,D, C, A}
« AFH: EFFFIFEFNE. RTREIES - {F, G} 3 5,
4. @I IEF
o« EFH (PR {A,B,C,D}, BF{B,D, C, A}) :
o IRTR: BFERE—tEA ¢ 5,
o ks A ENAZ (BEFH) . &l {B, C, D} AT s .
o HFRINER: {B,D, C} - #HHsA C,
» CWFRFAM {B} BEFR, Bl {D} B6FH 5 .
« AFW (PF{F, G}, BF{F,G}) :
o TR G BF&ERE—) 3 5.,
o kIS GEM {F} B2EFH, Bz 1,
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template<class T>
void BinaryTree<T>::PreOrderWithoutRecusion(BinaryTree<T>* root){
using std::stack;
stack<BinaryTree<T>*> aStack;
BinaryTree<T>* pointer=root;
aStack.push(NULL);
while(pointer){
Visit(pointer->value());
if(pointer->rightchild() !'=NULL)
aStack.push(pointer->rightchild());
if(pointer->leftchild() !=NULL)
aStack.push(pointer->leftchild());
else{
pointer=aStack.top();
aStack.pop();

}
}

c PR BB AN, SRR, R TR B TR, MBI %G
ORI Z, A R %45 A TR

template<class T>
void BinaryTree<T>::InOrderWithoutRecusion(BinaryTreeNode<T>* root){
using std::stack;
stack<BinaryTreeNode<T>*> aStack;
BinaryTreeNode<T>* pointer=root;
while('!aStack.empty()||pointer){
if(pointer){
aStack.push(pointer);
pointer=pointer->leftchild();

}

else{
pointer=aStack.top();
aStack.pop();
pointer=pointer->rightchild();

}

}
}

s JEP: SRR TR B NMRHIEAL, Left FoR b NARZE ML T, K A2 [E] ke
Right Fom CEENZES mA T4, R A RER

enum Tags{Left,Right};

template<class T>

class StackElement{

public:
BinaryTreeNode<T>* pointer;
Tags tag;

b

template<class T>

void BinaryTree<T>::PostOrderWithoutRecusion(BinaryTreeNode<T>* root){
using std::stack;
StackElement<T> element;
stack<StackElement<T>> aStack;



BinaryTreeNode<T>* pointer;
pointer=root;
while('!aStack.empty()||pointer){
while(pointer!=NULL){
element.pointer = pointer;
element.tag = Left;
aStack.push(element);
pointer = pointer->leftchild();
}
element = aStack.top();
aStack.pop();
pointer = element.pointer;
if (element.tag == Left) {
element.tag = Right;
aStack.push(element);
pointer = pointer->rightchild();

}

else {
Visit(pointer->value());
pointer = NULL;

}

}
}
o YO I SR A TR AR 2 B
» A HRIIRE SMREA R, &IFO(ogn); mIAO(n)

= « BFS i JJ; — X #
1.

void BinaryTree<T>::LevelOrder(BinaryTreeNode<T>* root){
using std::queue;
gueue<BinaryTreeNode<T>*> aQueue;
BinaryTreeNode<T>* pointer=root;
if(pointer)
aQueue.push(pointer);
while('aQueue.empty()){
pointer=aQueue.front();
aQueue.pop();
Visit(pointer->value());
if(pointer->leftchild())
aQueue.push(pointer->leftchild());
if(pointer->rightchild())
aQueue.push(pointer->rightchild());

}

« WA AT O(n)
o BRI BAFO(1); BHRO(n)
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3. BinaryTreeNode Z&H 34 NP AN FA G B Al 2

private:
BinaryTreeNode<T> *left;
BinaryTreeNode<T> *right;

4. 3 FHESR FHR A ES i —— I R [H]

template<class T>
BinaryTreeNode<T>* BinaryTree<T>::Parent(BinaryTreeNode<T>* rt,BinaryTreeNode<T>*
current){



}

BinaryTreeNode<T>* tmp;

if(rt==NULL)
return (NULL);

if(current==rt->leftchild()||current==rt->rightchild())
return rt;

if ((tmp =Parent(rt- >leftchild(), current) != NULL)
return tmp;

if ((tmp =Parent(rt- > rightchild(), current) != NULL)
return tmp;

return NULL;

5. ARIB IHHELR IR AL 4h

BinaryTreeNode<T>* BinaryTree<T>::Parent(BinaryTreeNode<T> *current) {

using std::stack;
stack<BinaryTreeNode<T>*> aStack;
BinaryTreeNode<T>* pointer = root;
aStack.push(NULL);
while (pointer) {
if (current == pointer->leftchild() || current == pointer->rightchild())
return pointer;
if (pointer->rightchild() != NULL)
aStack.push(pointer->rightchild());
if (pointer->leftchild() != NULL)
pointer = pointer->leftchild();
else {
pointer=aStack.top();
aStack.pop();

}
}
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3. KE X
template<class T>
class MinHeap{
private:
T* heapArray;
int CurrentSize;
int MaxSize;
void BuildHeap();
public:
MinHeap(const int n);
virtual ~MinHeap(){delete []heapArray;};
bool islLeaf(int pos)const;
int leftchild(int pos)const;
int rightchild(int pos)const;
int parent(int pos)const;
bool Remove(int pos,T& node);
bool Insert(const T& newNode);
T& RemoveMin();
void SiftUp(int position);
void SiftDown(int left);

}
4. % i/ NHEF TR e 72 SiftDown 1%

template<class T>
void MinHeap<T>::SiftDown(int position){
int i=position;
int j=2%i+1;
int Ttemp=heapArray[i];
while (j < CurrentSize) {



if((j < CurrentSize-1)&&(heapArray[j] > heapArray[j+1]))
jH+;  // JIEAKIEAR NG FLE R
if (temp > heapArray[j]) {
heapArray[i] = heapArray[j];
i=13;
jo= 2% + 1; // T aksm
}

else break;

}
heapArray[i]=temp;
}

5. X e/ NHERI k2 SiftUp [a) L ifd%E

template<class T>
void MinHeap<T>::SiftUp(int position){
int temppos=position;
T temp=heapArray[temppos];
while((temppos>0) && (heapArray[parent(temppos)] > temp)) {
heapArray[temppos]=heapArray[parent(temppos)];
temppos=parent (temppos);

}
heapArray[temppos]=temp;
}
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template<class T>

class TreeNode {

public:
TreeNode(const T& value);
virtual ~TreeNode() {};
bool islLeaf();
T Value();
TreeNode<T> *LeftMostChild();
TreeNode<T> *RightSibling();
void setValue(const T& value);
void setChild(TreeNode<T> *pointer);
void setSibling(TreeNode<T> *pointer);
void InsertFirst(TreeNode<T> *node);
void InsertNext(TreeNode<T> *node);



template<class T>
class Tree {
public:

};

Tree();

virtual ~Tree();

TreeNode<T>* getRoot();

void CreateRoot(const T& rootValue);

bool isEmpty();

TreeNode<T>* Parent(TreeNode<T> *current);
TreeNode<T>* PrevSibling(TreeNode<T> *current);
void DeleteSubTree(TreeNode<T> *subroot);
void RootFirstTraverse(TreeNode<T> *root);
void RootLastTraverse(TreeNode<T> *root);
void WidthTraverse(TreeNode<T> *root);
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4. 21845 £~ 5 Union/Find BiESEH

template<class T>

class ParTreeNode {

private:
Tvalue;
ParTreeNode<T>* parent;
int nCount;

public:
ParTreeNode();
virtual ~ParTreeNode(){};
TgetValue();
void setValue(const T& val);
ParTreeNode<T>* getParent();
void setParent(ParTreeNode<T>* par);
int getCount();
void setCount(const int count);




};

template<class T>

class ParTree {

public:
ParTreeNode<T>* array;
int Size;
ParTreeNode<T>*

Find (ParTreeNode<T>* node) const; // &3 nodess =eyinss s

ParTree(const int size);

virtual ~ParTree();

void Union(int i,int j);

bool Different(int i,int j);
+

template <class T>

ParTreeNode<T>* ParTree<T>::Find(ParTreeNode<T>* node) const{

ParTreeNode<T>* pointer=node;

while ( pointer->getParent() != NULL )
pointer=pointer->getParent();

return pointer;

}

template<class T>
void ParTree<T>::Union(int i,int j) {
ParTreeNode<T>* pointeri = Find(&arrayl[i]);
ParTreeNode<T>* pointerj = Find(&arrayl[j]);
if (pointeri != pointerj) {
if(pointeri->getCount() >= pointerj->getCount()) {
pointerj->setParent(pointeri);
pointeri->setCount(pointeri->getCount() +
pointerj->getCount());

}

else {
pointeri->setParent(pointerj);
pointerj->setCount(pointeri->getCount() +
pointerj->getCount());

}
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