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Abstract Data Type

ADT Bag
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Implement by static Array
In [ ]: #include <iostream>

#include <string>
using namespace std;

class BagInterface {
public:
    virtual int getCurrentSize() const = 0;
    virtual bool isEmpty() const = 0;
    virtual bool add(const string& newEntry) = 0;
    virtual bool remove(const string& anEntry) = 0;
    virtual void clear() = 0;
    virtual int getFrequencyOf(const string& anEntry) const = 0;
    virtual bool contains(const string& anEntry) const = 0;
    virtual void print() const =0;
};

class ArrayBag : public BagInterface{
private:
    static const int DEFAULT_CAPACITY = 6;
    string items[DEFAULT_CAPACITY];
    int itemCount;
    int maxItems;
    int getIndexOf(const string& target) const;
public:
    ArrayBag();
    int getCurrentSize() const;
    bool isEmpty() const;
    bool add(const string& newEntry);
    bool remove(const string& anEntry);
    void clear();
    int getFrequencyOf(const string& anEntry) const;
    bool contains(const string& anEntry) const;
    void print() const;
};

ArrayBag::ArrayBag()
    :itemCount(0),
     maxItems(ArrayBag::DEFAULT_CAPACITY){}
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int ArrayBag::getCurrentSize() const {
    return itemCount;
}

bool ArrayBag::isEmpty() const {
    return itemCount == 0;
}

void ArrayBag::print() const {
    for (int i = 0; i < itemCount; i++){
        cout << items[i] << " ";
    }
    cout << endl;
}

bool ArrayBag::add(const string& newEntry){
    bool hasRoomToAdd = (itemCount < maxItems);
    if (hasRoomToAdd){
        items[itemCount] = newEntry;
        itemCount++;
    }
    return hasRoomToAdd;
}

int ArrayBag::getIndexOf(const string& target) const {
    bool found = false;
    int result = -1;
    int searchIndex = 0;
    while(!found && (searchIndex < itemCount)){
        if (items[searchIndex] == target){
            found = true;
            result = searchIndex;
        }
        else {
            searchIndex++;
        }
    }
    return result;
}

bool ArrayBag::remove(const string& anEntry){
    int locateIndex = getIndexOf(anEntry);
    bool canRemoveItem = (locateIndex > -1);
    if (canRemoveItem){
        itemCount--;
        items[locateIndex] = items[itemCount];
    }
    return canRemoveItem;
}

bool ArrayBag::contains(const string& anEntry) const {
    return getIndexOf(anEntry) > -1;
}

//void ArrayBag::clear(){
//    while(!isEmpty()){
//        remove(items[0]);
//    }
//}

void ArrayBag::clear(){
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Implement by Dynamic Memory Allocate

    itemCount = 0;
}

int ArrayBag::getFrequencyOf(const string& anEntry) const{
    int frequency = 0;
    int curIndex = 0;
    while(curIndex < itemCount){
        if(items[curIndex] == anEntry) {
            frequency++;
        }
        curIndex++;
    }
    return frequency;
}

int main(){
    ArrayBag bag;
    bag.add("aaa");
    bag.print();
    cout << bag.isEmpty() << endl;
    cout << bag.getCurrentSize() << endl;
    bag.add("bbb");
    bag.print();
    cout << bag.isEmpty() << endl;
    cout << bag.getCurrentSize() << endl;

    return 0;
}

In [ ]: #include <iostream>
#include <string>
using namespace std;

class BagInterface {
public:
    virtual int getCurrentSize() const = 0;
    virtual bool isEmpty() const = 0;
    virtual bool add(const string& newEntry) = 0;
    virtual bool remove(const string& anEntry) = 0;
    virtual void clear() = 0;
    virtual int getFrequencyOf(const string& anEntry) const = 0;
    virtual bool contains(const string& anEntry) const = 0;
    virtual void print() const =0;
};

class ArrayBag : public BagInterface{
private:
    static const int DEFAULT_CAPACITY = 6;
    string* items;
    int itemCount;
    int maxItems;
    int getIndexOf(const string& target) const;
public:
    ArrayBag();
    ~ArrayBag();
    int getCurrentSize() const;
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    bool isEmpty() const;
    bool add(const string& newEntry);
    bool remove(const string& anEntry);
    void clear();
    int getFrequencyOf(const string& anEntry) const;
    bool contains(const string& anEntry) const;
    void print() const;
};

ArrayBag::ArrayBag():
          itemCount(0),
          maxItems(ArrayBag::DEFAULT_CAPACITY){
    items = new string[DEFAULT_CAPACITY];
}

ArrayBag::~ArrayBag(){
    delete [] items;
}

int ArrayBag::getCurrentSize() const {
    return itemCount;
}

bool ArrayBag::isEmpty() const {
    return itemCount == 0;
}

void ArrayBag::print() const {
    for (int i = 0; i < itemCount; i++){
        cout << items[i] << " ";
    }
    cout << endl;
}

bool ArrayBag::add(const string& newEntry){
    bool hasRoomToAdd = (itemCount < maxItems);
    if (hasRoomToAdd){
        string* oldArray = items;
        items = new string[2 * maxItems];
        for (int index = 0; index < maxItems; index++){
            items[index] = oldArray[index];
        }
        delete [] oldArray;
        maxItems = 2 * maxItems;

    }
    items[itemCount] = newEntry;
    itemCount++;
    return true;
}

int ArrayBag::getIndexOf(const string& target) const {
    bool found = false;
    int result = -1;
    int searchIndex = 0;
    while(!found && (searchIndex < itemCount)){
        if (items[searchIndex] == target){
            found = true;
            result = searchIndex;
        }
        else {
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Implement by Linked List

            searchIndex++;
        }
    }
    return result;
}

bool ArrayBag::remove(const string& anEntry){
    int locateIndex = getIndexOf(anEntry);
    bool canRemoveItem = (locateIndex > -1);
    if (canRemoveItem){
        itemCount--;
        items[locateIndex] = items[itemCount];
    }
    return canRemoveItem;
}

bool ArrayBag::contains(const string& anEntry) const {
    return getIndexOf(anEntry) > -1;
}

//void ArrayBag::clear(){
//    while(!isEmpty()){
//        remove(items[0]);
//    }
//}

void ArrayBag::clear(){
    itemCount = 0;
}

int ArrayBag::getFrequencyOf(const string& anEntry) const{
    int frequency = 0;
    int curIndex = 0;
    while(curIndex < itemCount){
        if(items[curIndex] == anEntry) {
            frequency++;
        }
        curIndex++;
    }
    return frequency;
}

int main(){
    ArrayBag bag;
    bag.add("aaa");
    bag.print();
    cout << bag.isEmpty() << endl;
    cout << bag.getCurrentSize() << endl;
    bag.add("bbb");
    bag.print();
    cout << bag.isEmpty() << endl;
    cout << bag.getCurrentSize() << endl;

    return 0;
}



1/23/23, 12:04 AM Memo_Data_Structure

file:///C:/Users/User/Downloads/Memo_Data_Structure.html 14/160



1/23/23, 12:04 AM Memo_Data_Structure

file:///C:/Users/User/Downloads/Memo_Data_Structure.html 15/160



1/23/23, 12:04 AM Memo_Data_Structure

file:///C:/Users/User/Downloads/Memo_Data_Structure.html 16/160

In [ ]: #include <iostream>
#include <string>
#include <vector>
using namespace std;

//Class Node
template<typename ItemType>
class Node{
private:
    ItemType item;
    Node<ItemType>* next;
public:
    Node();
    Node(const ItemType& anItem);
    Node(const ItemType& anItem, Node<ItemType>* nextNodePtr);
    void setItem(const ItemType& anItem);
    void setNext(Node<ItemType>* nextNodePtr);
    ItemType getItem() const;
    Node<ItemType>* getNext() const;
};

//Constructors of Node
template<typename ItemType>
Node<ItemType>::Node()
    : next(nullptr) {}

template<typename ItemType>
Node<ItemType>::Node(const ItemType& anItem)
    : item(anItem), next(nullptr) {}

template<typename ItemType>
Node<ItemType>::Node(const ItemType& anItem, Node<ItemType>* nextNodePtr)
    : item(anItem), next(nextNodePtr) {}

// Getters and Setters
template<typename ItemType>
void Node<ItemType>::setItem(const ItemType& anItem){
    item = anItem;
}

template<typename ItemType>
void Node<ItemType>::setNext(Node<ItemType>* nextNodePtr){
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    next = nextNodePtr;
}

template<typename ItemType>
ItemType Node<ItemType>::getItem() const {
    return item;
}

template<typename ItemType>
Node<ItemType>* Node<ItemType>::getNext() const {
    return next;
}

//Class BagInterface
template<typename ItemType>
class BagInterface {
public:
    virtual int getCurrentSize() const = 0;
    virtual bool isEmpty() const = 0;
    virtual bool add(const ItemType& newEntry) = 0;
    virtual bool remove(const ItemType& anEntry) = 0;
    virtual void clear() = 0;
    virtual int getFrequencyOf(const ItemType& anEntry) const = 0;
    virtual bool contains(const ItemType& anEntry) const = 0;
    virtual void print() const =0;
};

//class LinkedBag
template<typename ItemType>
class LinkedBag : public BagInterface<ItemType> {
private:
    Node<ItemType>* headPtr;
    int itemCount;
public:
    LinkedBag(); // constructor
    LinkedBag(const LinkedBag<ItemType>& aBag); // copy constructor
    virtual ~LinkedBag(); // destructor
    int getCurrentSize() const;
    bool isEmpty() const;
    bool add(const ItemType& newEntry);
    vector<ItemType> toVector() const;
    bool remove(const ItemType& anEntry);
    void clear();
    Node<ItemType>* getPointerTo(const ItemType& anEntry) const;
    int getFrequencyOf(const ItemType& anEntry) const;
    bool contains(const ItemType& anEntry) const;
    void print() const;
};

template<typename ItemType>
LinkedBag<ItemType>:: LinkedBag(){
    headPtr = nullptr;
    itemCount = 0;
}

template<typename ItemType>
LinkedBag<ItemType>::LinkedBag(const LinkedBag<ItemType>& aBag){
    itemCount = aBag->itemCount;
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    Node<ItemType>* origChainPtr = aBag->headPtr;
    if(origChainPtr == nullptr){
        headPtr = nullptr;
    }
    else {
        headPtr = new Node<ItemType>();
        headPtr->setItem(origChainPtr->getItem);
        Node<ItemType>* newChainPtr = headPtr;
        while(origChainPtr != nullptr){
            origChainPtr = origChainPtr->getNext();
            ItemType nextItem = origChainPtr->getItem();
            Node<ItemType>* newNodePtr = new Node<ItemType>(nextItem);
            newChainPtr->setNext(newNodePtr);
            newChainPtr = newChainPtr->getNext();
        }
        newChainPtr->setNext(nullptr);
    }
}

template<typename ItemType>
LinkedBag<ItemType>::~LinkedBag(){
    clear();
}

template<typename ItemType>
bool LinkedBag<ItemType>::isEmpty() const{
    return itemCount == 0;
}

template<typename ItemType>
int LinkedBag<ItemType>::getCurrentSize() const {
    return itemCount;
}

//add to the beginning
template<typename ItemType>
bool LinkedBag<ItemType>::add(const ItemType& newEntry){
    Node<ItemType>* newNodePtr = new Node<ItemType>();
    newNodePtr->setItem(newEntry);
    newNodePtr->setNext(headPtr);
    headPtr = newNodePtr;
    itemCount++;
    return true;
}

template<typename ItemType>
vector<ItemType> LinkedBag<ItemType>::toVector() const{
    vector<ItemType> bagContents;
    Node<ItemType>* curPtr = headPtr;
    while(curPtr != nullptr ){
        bagContents.push_back(curPtr->getItem());
        curPtr = curPtr->getNext();
    }
    return bagContents;
}

template<typename ItemType>
bool LinkedBag<ItemType>::remove(const ItemType& anEntry){
    Node<ItemType>* entryNodePtr = getPointerTo(anEntry);

    bool canRemoveItem = !isEmpty() && (entryNodePtr != nullptr);
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    if (canRemoveItem) {
        entryNodePtr->setItem(headPtr->getItem());//Replace
        Node<ItemType>* nodeToDeletePtr = headPtr;
        headPtr = headPtr->getNext();
        delete nodeToDeletePtr;
        nodeToDeletePtr = nullptr;
        itemCount--;
    }
    return canRemoveItem;
}

template<typename ItemType>
Node<ItemType>* LinkedBag<ItemType>::getPointerTo(const ItemType& anEntry) const {
    bool found = false;
    Node<ItemType>* curPtr = headPtr;
    while(!found && (curPtr != nullptr)){
        if(anEntry == curPtr->getItem()){
            found = true;
        }
        else
            curPtr = curPtr->getNext();
    }
    return curPtr;
}

template<typename ItemType>
bool LinkedBag<ItemType>::contains(const ItemType& anEntry) const {
    return (getPointerTo(anEntry) != nullptr);
}

template<typename ItemType>
int LinkedBag<ItemType>::getFrequencyOf(const ItemType& anEntry) const {
    int frequency = 0;
    Node<ItemType>* curPtr = headPtr;
    while(curPtr != nullptr){
        if(anEntry == curPtr->getItem()){
            frequency++;
        }
        curPtr = curPtr->getNext();
    }
    return frequency;
}

template<typename ItemType>
void LinkedBag<ItemType>::clear(){
    Node<ItemType>* nodeToDeletePtr = headPtr;
    while(headPtr != nullptr){
        headPtr = headPtr->getNext();
        delete nodeToDeletePtr;
        nodeToDeletePtr = headPtr;
    }
    itemCount = 0;
}

void testBag(BagInterface<string>* bagPtr){
    string item[] = {"aa", "bb", "cc"};
    for(int i = 0; i < 3; i++){
        bagPtr->add(item[i]);
    }
    cout << bagPtr->isEmpty();
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Recursive Function

    cout << bagPtr->getCurrentSize();

    bagPtr->remove("two");
    cout << bagPtr->isEmpty();
    cout << bagPtr->getCurrentSize();
}

int main(){
    pass

    return 0;
}



1/23/23, 12:04 AM Memo_Data_Structure

file:///C:/Users/User/Downloads/Memo_Data_Structure.html 21/160

In [ ]: #include <iostream>
using namespace std;

int fact(int n);

int main(){

    cout << "fact(5): " << fact(5) << endl;

    return 0;
}

int fact(int n){
    if(n==0)
        return 1;
    else
        return n * fact(n-1);
}
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In [ ]: #include <iostream>
using namespace std;

double findMax(double array[], int len);

int main(){
    double a[5] = {5, 7, 2, 4, 3};
    cout << "The max item is " << findMax(a, 5) << endl;

    return 0;
}

double findMax(double array[], int len){
 if (len == 1){
        return array[0];
 }
 else {
    double subMax = findMax(array, len-1);
    if (array[len-1] > subMax){
        return array[len -1];
    }
    else {
        return subMax;
    }
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 }
}

In [ ]: #include <iostream>
using namespace std;

int choose(int n, int k);

int main(){

    cout << "Choose(3 from 5 items): " << choose(5, 3) << endl;

    return 0;
}

int choose(int n, int k){
    if(k == 0 || k == n)
        return 1;
    else if(k > n)
        return 0;
    else
        return choose(n-1, k-1) + choose(n-1, k);
}
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Find Prime Number

In [ ]: #include <iostream>
using namespace std;

int main(){
    int num = 0;
    cout << "Learning Algorithm and Data Structure" << endl;
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    cout << "Enter your Integer Number: ";
    cin >> num;

    for (int i = 2; i <= num; i++){
        bool isPrime = true;
        for (int j = 2; j < i; j++){
            if ((i % j) == 0){
                isPrime = false;
                break;
            }
        }
        if (isPrime == true) {
            cout << i << " is prime" << endl;
        }
    }
    return 0;
}

In [ ]: #include <iostream>
using namespace std;

bool isPrime(int x);

int main(){
    int num = 0;
    cout << "Learning Algorithm and Data Structure" << endl;
    cout << "Enter your Integer Number: ";
    cin >> num;

    for (int i = 2; i <= num; i++){
        if (isPrime(i) == true) {
            cout << i << " is prime" << endl;
        }
    }
    return 0;
}

bool isPrime(int x) {
    for (int i = 2; i < x; i++){
        if ((x % i) == 0){
            return false;
        }
    }
    return true;
}

In [ ]: #include <iostream>
using namespace std;

bool isPrime(int x);

int main(){
    int num = 0;
    cout << "Learning Algorithm and Data Structure" << endl;
    cout << "Enter your Integer Number: ";
    cin >> num;

    for (int i = 2; i <= num; i++){
        if (isPrime(i) == true) {
            cout << i << " is prime" << endl;
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Dynamic Programming

        }
    }
    return 0;
}

bool isPrime(int x) {
    for (int i = 2; i * i < x; i++){
        if ((x % i) == 0){
            return false;
        }
    }
    return true;
}

In [ ]: #include <iostream>
using namespace std;

const int MAX_LEN = 10000;

void ruleOutPrime(int x, bool isPrime[], int n);

int main(){
    int num = 0;
    cout << "Learning Algorithm and Data Structure" << endl;
    cout << "Enter your Integer Number(2~10000): ";
    cin >> num;

    bool isPrime[MAX_LEN] = {0};

    for (int i = 2; i < num; i++){
        isPrime[i] = true;
    }

    for (int i = 2; i <= num; i++){
        if(isPrime[i] == true){
            cout << i << " is prime" << endl;
            ruleOutPrime(i, isPrime, num);
        }
    }

    return 0;
}

void ruleOutPrime(int x, bool isPrime[], int n){
    for (int i = 1; x * i < n; i++){
        isPrime[x * i] = false;
    }
}

In [ ]: #include <iostream>
#include <stdexcept>
using namespace std;

int fib(int n);
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The Knapsack Problem

int main(){

    cout << "fib(5): " << fib(5) << endl;

    return 0;
}

int fib(int n){

    if(n < 0)
        throw logic_error("Error!");
    if(n == 0)
        return 0;
    if (n == 1)
        return 1;
    else
        return fib(n-1) + fib(n-2);
}

In [ ]: #include <iostream>
#include <stdexcept>
using namespace std;

int fib(int n);

int main(){

    cout << "fib(6): " << fib(6) << endl;

    return 0;
}

int fib(int n){

    int A[20];
    A[0] = 0;
    A[1] = 1;
    for(int i = 2; i <= n; i++){
        A[i] = A[i-1] + A[i-2];
    }
    return A[n];
}
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The Max Flow Problem
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C++ Performance Evaluation - Space Complexity
and Time Complexity
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Big "O" Notation
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C++ Type of Data Structure

Linear Data Structue

Array
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Operations in Array

Linked List

CLL
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DLL

Matrix
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Linked List in Memory
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Stack
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In [ ]: #include <iostream>
#include <stdexcept>
using namespace std;

const int MAX_STACK = 999;

template<typename ItemType>
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class StackInterface {
public:
    virtual bool isEmpty() const = 0; //pure virtual function
    virtual bool push(const ItemType& newEntry) = 0; //pure virtual function
    virtual bool pop() = 0; //pure virtual function
    virtual ItemType peek() const = 0; //pure virtual function
};

template<typename ItemType>
class ArrayStack : public StackInterface<ItemType>{
private:
    ItemType items[MAX_STACK];
    int top;
public:
    ArrayStack(); //Default constructor
    bool isEmpty() const;
    bool push(const ItemType& newEntry);
    bool pop();
    ItemType peek() const;
};

template<typename ItemType>
ArrayStack<ItemType>::ArrayStack() : top(-1){}

template<typename ItemType>
bool ArrayStack<ItemType>::isEmpty() const{
    return top < 0;
}

template<typename ItemType>
bool ArrayStack<ItemType>::push(const ItemType& newEntry) {
    bool result = false;
    if(this->top < MAX_STACK - 1){
        top++;
        this->items[top] = newEntry;
        result = true;
    }
    return result;
}

template<typename ItemType>
bool ArrayStack<ItemType>::pop(){
    bool result = false;
    if(!this->isEmpty()){
        top--;
        return true;
    }
    return result;
}

template<typename ItemType>
ItemType ArrayStack<ItemType>::peek() const{
    if(!this->isEmpty()){
        return items[top];
    }
    else
        throw logic_error("...");
}
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int main(){
    StackInterface<int>* as = new ArrayStack<int>();
    as->push(4);
    as->push(11);
    as->pop();
    try {
        cout << as->peek() << endl;
        as->pop();
        cout << as->peek() << endl;
    }
    catch (logic_error e){
        cout << "empty!" << endl;
    }

    return 0;
}

In [ ]: #include <iostream>
#include <stdexcept>
using namespace std;

template<typename ItemType>
class Node {
private:
    ItemType item;
    Node<ItemType>* next;
public:
    Node();
    Node(const ItemType& anItem);
    Node(const ItemType& anItem, Node<ItemType>* nextNodePtr);
    void setItem(const ItemType& anItem);
    void setNext(Node<ItemType>* nextNodePtr);
    ItemType getItem() const;
    Node<ItemType>* getNext() const;
};

template<typename ItemType>
Node<ItemType>::Node() : next(nullptr) {}
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template<typename ItemType>
Node<ItemType>:: Node(const ItemType& anItem)
    : item(anItem), next(nullptr) {}

template<typename ItemType>
Node<ItemType>::Node(const ItemType& anItem, Node<ItemType>* nextNodePtr)
    : item(anItem), next(nextNodePtr) {}

template<typename ItemType>
void Node<ItemType>::setItem(const ItemType& anItem){
    item = anItem;
}

template<typename ItemType>
void Node<ItemType>::setNext(Node<ItemType>* nextNodePtr){
    next = nextNodePtr;
}

template<typename ItemType>
ItemType Node<ItemType>::getItem() const {
    return item;
}

template<typename ItemType>
Node<ItemType>* Node<ItemType>::getNext() const{
    return next;
}

template<typename ItemType>
class stackInterface {
public:
    virtual bool isEmpty() const = 0;
    virtual bool push(const ItemType& newItem) = 0;
    virtual bool pop() = 0;
    virtual ItemType peek() const = 0;
};

template<typename ItemType>
class LinkedStack : public stackInterface<ItemType>{
private:
    Node<ItemType>* topPtr;
public:
    //Constructor and Destructor
    LinkedStack(); // Default constructor
    LinkedStack(const LinkedStack<ItemType>& aStack); //Copy constructor
    virtual ~LinkedStack(); // Destructor
    // Stack Operations: Interface
    bool isEmpty() const;
    bool push(const ItemType& newItem);
    bool pop();
    ItemType peek() const;
};

template<typename ItemType>
LinkedStack<ItemType>::LinkedStack() : topPtr(nullptr) {}

template<typename ItemType>
LinkedStack<ItemType>::~LinkedStack() {
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    while(!isEmpty()){ // Pop until stack is empty
        pop();
    }
}

template<typename ItemType>
LinkedStack<ItemType>::LinkedStack(const LinkedStack<ItemType>& aStack){
    //Point to nodes in the original chain
    Node<ItemType>* origChainPtr = aStack.topPtr;

    if(origChainPtr == nullptr){
        this->topPtr = nullptr; // Original Stack is empty
    }
    else {
        //Copy the first node
        topPtr = new Node<ItemType>();
        topPtr->setItem(origChainPtr->getItem());
        Node<ItemType>* newChainPtr = topPtr;

        //Copy remaining nodes
        while(origChainPtr->getNext() != nullptr){
            origChainPtr = origChainPtr->getNext();
            ItemType nextItem = origChainPtr->getItem();
            Node<ItemType>* newNodePtr = new Node<ItemType>(nextItem);
            newChainPtr->setNext(newNodePtr);
            newChainPtr = newChainPtr->getNext();
        }
        newChainPtr->setNext(nullptr); //Mark the bottom of stack
    }
}

template<typename ItemType>
bool LinkedStack<ItemType>::isEmpty() const {
    return topPtr == nullptr;
}

template<typename ItemType>
bool LinkedStack<ItemType>::push(const ItemType& newItem){
    Node<ItemType>* newNodePtr = new Node<ItemType>(newItem, topPtr);
    topPtr = newNodePtr;
    return true;
}

template<typename ItemType>
bool LinkedStack<ItemType>::pop(){
    bool result = false;
    if(!isEmpty()){
        Node<ItemType>* nodeToDeletePtr = topPtr;
        topPtr = topPtr->getNext();
        delete nodeToDeletePtr;
        result = true;
    }
    return result;
}

template<typename ItemType>
ItemType LinkedStack<ItemType>::peek() const {
    if(!this->isEmpty()){
        return topPtr->getItem();
    }
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    else {
        throw logic_error("...");
    }

}

int main(){

    LinkedStack<int> ls;
    ls.push(4);
    ls.push(11);
    LinkedStack<int> lsCopy(ls);
    lsCopy.pop();
    try {
        cout << lsCopy.peek() << endl;
        cout << ls.peek() << endl;
    }
    catch(logic_error e) {
        cout << "empty!" << endl;
    }

    return 0;
}

In [ ]: #include<iostream>
using namespace std;

class Node{
public:
    int data;
    Node* next;

    Node();
    Node(int d);
};

Node::Node(){
    data = 0;
    next = nullptr;
}

Node::Node(int d){
    data = d;
    next = nullptr;
}

class Stack{
public:
    Node* top;

    Stack();
    bool isEmpty();
    bool checkIfNodeExist(Node* newNode);
    void push(Node* newNode);
    Node* pop();
    Node* peek();
    int count();
    void display();
};
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Stack::Stack(){
    top = nullptr;
}

bool Stack::isEmpty(){
    if(top==nullptr)
        return true;
    else
        return false;
}

bool Stack::checkIfNodeExist(Node* newNode){
    Node* temp = top;
    while(temp!=nullptr){
        if(temp->data==newNode->data)
            return true;
        else {
            temp = temp->next;
        }
    }
    return false;
}

void Stack::push(Node* newNode){
    if(top==nullptr){
        top = newNode;
        cout << "Pushed First Node Successfully" << endl << endl;
    }
    else if(checkIfNodeExist(newNode)){
        cout << "Node with value already exist" << endl;
        cout << "Please enter different key and value" << endl << endl;
    }
    else {
        newNode->next = top;
        top = newNode;
        cout << "Pushed Successfully" << endl;
    }
}

Node* Stack::pop(){
    if(isEmpty()){
        return nullptr;
    }
    else {
        Node* temp = top;
        top = top->next;
        return temp;
    }
}

Node* Stack::peek(){
    if(isEmpty()){
        return nullptr;
    }
    else {
        return top;
    }
}

int Stack::count(){
    int count = 0;
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    Node* ptr = top;
    while(ptr!=nullptr){
        count++;
        ptr = ptr->next;
    }
    return count;
}

void Stack::display(){
    if(isEmpty()){
        cout << "Stack is empty";
    }
    else {
        cout << "Stack: " << endl;
        Node* ptr = top;
        while(ptr!=nullptr){
            cout << "Value: " << ptr->data << endl;
            ptr = ptr->next;
        }
    }
    cout << endl;
}

int main(){
    Stack s;
    int option, data;

    do {
        cout << "What operation do you want to perform?" << endl;
        cout << "Select Option Number or 0 to Exit" << endl << endl;
        cout << "1. Push" << endl;
        cout << "2. Pop" << endl;
        cout << "3. Peek" << endl;
        cout << "4. isEmpty" << endl;
        cout << "5. Count" << endl;
        cout << "6. Display" << endl;
        cout << "9. Clear Screen" << endl;
        cout << "0. Exit" << endl << endl;

        cout << "Enter Your Option Number: ";
        cin >> option;

        Node* newNode = new Node();

        switch(option){
            case 0:
                break;
            case 1:
                cout << "Enter Value of Node" << endl;
                cin >> data;
                newNode->data = data;
                s.push(newNode);
                break;
            case 2:
                cout << "Pop Function Called." << endl;
                newNode = s.pop();
                if(newNode==nullptr){
                    cout << "Stack Underflow" << endl << endl;
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Infix Prefix & Postfix Expressions Using Stack

                }
                else{
                    cout << "Pop Value: " << newNode->data << endl << endl;
                }

                delete newNode;

                break;
            case 3:
                cout << "Peek Function Called." << endl;
                newNode = s.peek();
                cout << "The Top Value of Stack: " << newNode->data << endl << endl
                break;
            case 4:
                if(s.isEmpty()){
                    cout << "Stack is Empty" << endl;
                }
                else {
                    cout << "Stack is not Empty" << endl;
                }
                break;
            case 5:
                cout << "Count Function Called." << endl;
                cout << "No of Node in the Stack: " << s.count() << endl << endl;
                break;
            case 6:
                s.display();
                cout << endl;
                break;
            case 9:
                system("cls");
                break;
            default:
                cout << "Please Enter the Proper Option Number" << endl;
                break;
        }

    } while(option!=0);

    return 0;
}
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In [ ]: #include<iostream>
#include<string>
#include<stack>
#include<algorithm>
using namespace std;

bool isOperator(char c){
    if(c=='+' || c=='-' || c=='*' || c=='/' || c=='^')
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        return true;
    else
        return false;
}

bool isOperand(char c){
    if((c>='A' && c<='Z') || (c>='a' && c<='z'))
        return true;
    else
        return false;
}

int precedence(char c){
    if(c=='^')
        return 3;
    else if(c=='*' || c=='/')
        return 2;
    else if(c=='+' || c=='-')
        return 1;
    else
        return -1;
}

string infixToPostfix(string infix){
    stack<char> s;
    string postfix;

    for(int i=0; i<infix.length(); i++){
        // check if oprand
        if((infix[i]>='A' && infix[i]<='Z')
           || (infix[i]>='a' && infix[i]<='z')){
            postfix += infix[i];
        }
        else if(infix[i]=='(' ){
            s.push(infix[i]);
        }
        else if(infix[i]==')'){
            while((s.top()!='(') && (!s.empty())){
                postfix += s.top();
                s.pop();
            }
            if(s.top()=='('){
                s.pop();
               }
        }
        else if(isOperator(infix[i])){
            if(s.empty()){
                s.push(infix[i]);
            }
            else{
                if(precedence(infix[i])>precedence(s.top())){
                    s.push(infix[i]);
                }
                else if((precedence(infix[i])==precedence(s.top())) && (infix[i]==
                    s.push(infix[i]);
                }
                else{
                    while((!s.empty()) && (precedence(infix[i])<=precedence(s.top()
                        postfix += s.top();
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                        s.pop();
                    }
                    s.push(infix[i]);
                }
            }
        }
    }

    while(!s.empty()){
        postfix += s.top();
        s.pop();
    }

    return postfix;
}

string infixToPrefix(string infix){
    stack<char> s;
    string prefix;

    reverse(infix.begin(), infix.end()); // include<algorithn>

    for(int i=0; i<infix.length(); i++){
        if(infix[i]=='(')
            infix[i] = ')';
        else if(infix[i]==')')
            infix[i] ='(';
    }

    cout << "\nReverse Infix: " << infix << endl;

    for(int i=0; i<infix.length(); i++){
        if((infix[i]>='A' && infix[i]<='Z') || (infix[i]>='a' && infix[i]<='z')){
            prefix += infix[i];
        }
        else if(infix[i]=='('){
            s.push(infix[i]);
        }
        else if(infix[i]==')'){
            while((s.top()!='(') && (!s.empty())){
                    prefix += s.top();
                    s.pop();
            }
            if(s.top()=='('){
                s.pop();
            }
        }
        else if(isOperator(infix[i])){
            if(s.empty()){
                s.push(infix[i]);
            }
            else {
                if(precedence(infix[i]) > precedence(s.top())){
                    s.push(infix[i]);
                }
                else if((precedence(infix[i])==precedence(s.top())) && (infix[i]==
                    while((precedence(infix[i])==precedence(s.top())) &&(infix[i]==
                        prefix += s.top();
                        s.pop();
                    }



1/23/23, 12:05 AM Memo_Data_Structure

file:///C:/Users/User/Downloads/Memo_Data_Structure.html 54/160

                    s.push(infix[i]);
                }
                else if(precedence(infix[i])==precedence(s.top())){
                    s.push(infix[i]);
                }
                else {
                    while((!s.empty()) && (precedence(infix[i])<precedence(s.top())
                        prefix += s.top();
                        s.pop();
                    }
                    s.push(infix[i]);
                }
            }
        }
    }

    while((!s.empty())){
        prefix += s.top();
        s.pop();
    }

    reverse(prefix.begin(), prefix.end());

    return prefix;
}

string postToInfix(string postfix){
    stack<string> s;

    for(int i=0; i<postfix.length(); i++){
        if(isOperand(postfix[i])){
            string op(1, postfix[i]);
            s.push(op);
        }
        else {
            string op1 = s.top();
            s.pop();
            string op2 = s.top();
            s.pop();
            s.push('(' + op2 + postfix[i] + op1 + ')');
        }
    }

    return s.top();
}

string preToInfix(string prefix){
    stack<string> s;

    for(int i=prefix.length()-1; i>=0; i--){
        if(isOperand(prefix[i])){
            string op(1, prefix[i]);
            s.push(op);
        }
        else {
            string op1 = s.top();
            s.pop();
            string op2 = s.top();
            s.pop();
            s.push('(' + op1 + prefix[i] + op2 + ')');
        }
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    }

    return s.top();
}

string postToPrefix(string postfix){
    stack<string> s;

    for(int i=0; i<postfix.length(); i++){
        if(isOperand(postfix[i])){
            string op(1, postfix[i]);
            s.push(op);
        }
        else {
            string op1 = s.top();
            s.pop();
            string op2 = s.top();
            s.pop();
            s.push(postfix[i] + op2 + op1);
        }
    }

    return s.top();
}

string preToPostfix(string prefix){
    stack<string> s;

    for(int i=prefix.length()-1; i>=0; i--){
        if(isOperand(prefix[i])){
            string op(1, prefix[i]);
            s.push(op);
        }
        else {
            string op1 = s.top();
            s.pop();
            string op2 = s.top();
            s.pop();
            s.push(op1 + op2 + prefix[i]);
        }
    }

    return s.top();
}

int main(){

    string infix_exp, postfix_exp, prefix_exp;
    string post_in_exp, pre_in_exp, post_pre_exp, pre_post_exp;
    cout << "Enter a Infix Expression: " << endl;
    cin >> infix_exp;

    cout << "\nInfix Express: " << infix_exp << endl;

    postfix_exp = infixToPostfix(infix_exp);
    cout << "\nPostfix Expression: " << postfix_exp << endl;

    prefix_exp = infixToPrefix(infix_exp);
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Queue

    cout << "\nPrefix Expression: " << prefix_exp << endl;
    cout << endl;

    post_in_exp = postToInfix(postfix_exp);
    cout << "\nPostfix to Infix: " << post_in_exp << endl;
    cout << endl;

    pre_in_exp = preToInfix(prefix_exp);
    cout << "\nPrefix to Infix: " << pre_in_exp << endl;
    cout << endl;

    post_pre_exp = postToPrefix(postfix_exp);
    cout << "\nPostfix to Prefix: " << post_pre_exp << endl;
    cout << endl;

    pre_post_exp = preToPostfix(prefix_exp);
    cout << "\nPrefix to Postfix: " << pre_post_exp << endl;
    cout << endl;

    return 0;
}
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Priority Queue
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In [ ]: #include <iostream>
#include <string>
using namespace std;

const int MAX_QUEUE = 5;

template<typename ItemType>
class Queue {
private:
    ItemType items[MAX_QUEUE];
    int front;
    int rear;
public:
    Queue();//default constructor
    ~Queue();
    bool isEmpty() const;
    bool isFull() const;
    void enqueue(const ItemType& newEntry);
    ItemType dequeue();
    int size();
    void display();
};

template<typename ItemType>
Queue<ItemType>::Queue() {
    front = -1;
    rear = -1;

    for (int i = 0; i < MAX_QUEUE; i++){
        items[i] = -1;
    }
}

template<typename ItemType>
Queue<ItemType>::~Queue() {
    delete [] items;
}

template<typename ItemType>
bool Queue<ItemType>::isEmpty() const{
    return ((front < 0) && (rear < 0));
};

template<typename ItemType>
bool Queue<ItemType>::isFull() const {
    return ((this->front == 0) && (this->rear == (MAX_QUEUE - 1)));
};

template<typename ItemType>
void Queue<ItemType>::enqueue(const ItemType& newEntry){
    if(this->rear == MAX_QUEUE - 1){
        cout << "Can not Enqueue." << endl;
        return;
    }
    if(this->isEmpty()){
        this->front = 0;
        this->rear = 0;
        this->items[rear] = newEntry;
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    }
    else {
        rear++;
        this->items[rear] = newEntry;
    }
}

template<typename ItemType>
ItemType Queue<ItemType>::dequeue(){
    int result = 0;

    if(this->isEmpty()){
        return -1;
    }
    if(this->front == this->rear){
        result = this->items[front];
        this->items[front] = -1;
        rear = -1;
        front = -1;
        return result;
    }
    else {
        result = this->items[front];
        this->items[front] = -1;
        front++;
        return result;
    }
};

template<typename ItemType>
int Queue<ItemType>::size(){
    if(!this->isEmpty())
        return (this->rear - this->front + 1);
    else
        return 0;
}

template<typename ItemType>
void Queue<ItemType>::display(){
    cout << "The elements in Queue are as below: " << endl;
    for (int i = 0; i < MAX_QUEUE; i++){
        cout << items[i] << " ";
    }
    cout << endl << endl << endl;
}

int main(){

    Queue<int> q1;//Call default constructor

    int option, item;

    do {
        cout << "1. Enqueue" << endl;
        cout << "2. Dequeue" << endl;
        cout << "3. isEmpty" << endl;
        cout << "4. isFull" << endl;
        cout << "5. Count" << endl;
        cout << "6. Display" << endl;
        cout << "7. Clear Screen" << endl;
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        cout << "0. Exit" << endl;
        cout << endl;

        cout << "Select Your Option Number: ";
        cin >> option;

        switch(option){
            cout << endl;
            case 0:
                break;
            case 1:
                cout << "Equeue your number(>=0): ";
                cin >> item;
                q1.enqueue(item);
                cout << endl << endl;
                break;
            case 2:
                cout << "Dequeue..." << endl;
                item = q1.dequeue();
                if (item == -1){
                    cout << "Queue is empty" << endl << endl;
                }
                else {
                    cout << "Dequeued element: " << item << endl << endl;
                }
                break;
            case 3:
                if(q1.isEmpty())
                    cout << "Queue is empty" << endl << endl;
                else
                    cout << "Queue is not empty" << endl << endl;
                break;
            case 4:
                if(q1.isFull())
                    cout << "Queue is full" << endl << endl;
                else
                    cout << "Queue is not full" << endl << endl;
                break;
            case 5:
                cout << "Count of queue: " << q1.size() << endl << endl;
                break;
            case 6:
                q1.display();
                break;
            case 7:
                system("cls");
                break;
            default:
                cout << "Please enter the proper option" << endl;
                break;
        }

    } while (option != 0);

    return 0;
}
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In [ ]: #include <iostream>
using namespace std;

class Node{
public:
    int data;
    Node* next;

    Node();
    Node(int d);
};

Node::Node(){
    data = 0;
    next = nullptr;
}

Node::Node(int d){
    data = d;
    next = nullptr;
}

class Queue{
public:
    Node* front;
    Node* rear;

    Queue();
    bool isEmpty();
    bool checkIfNodeExist(Node* newNode);
    void enqueue(Node* newNode);
    Node* dequeue();
    int count();
    void display();
};

Queue::Queue() : front(nullptr), rear(nullptr) {}

bool Queue::isEmpty(){
    if(front==nullptr && rear==nullptr)
        return true;
    else
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        return false;
}

bool Queue::checkIfNodeExist(Node* newNode){
    Node* ptr = front;
    while(ptr!=nullptr){
        if(ptr->data==newNode->data)
            return true;
        else
            ptr = ptr->next;
    }
    return false;
}

void Queue::enqueue(Node* newNode){
    if(checkIfNodeExist(newNode)){
        cout << "Node with value: " << newNode->data << " already exist" << endl;
        cout << "Enter different value" << endl << endl;
    }
    if(isEmpty()){
        front = newNode;
        rear = newNode;
        cout << "Enqueue first node successfully." << endl << endl;
    }
    else {
        rear->next = newNode;
        rear = newNode;
        cout << "Enqueue successfully" << endl << endl;
    }
}

Node* Queue::dequeue(){
    if(isEmpty()){
        cout << "Queue is empty" << endl << endl;
    }
    else if(front==rear){
        cout << "Dequeue Value: " << front->data << endl << endl;
        front = nullptr;
        rear = nullptr;
    }
    else {
        cout << "Dequeue Value: " << front->data << endl << endl;
        front = front->next;
    }
    return front;
}

int Queue::count(){
    if(isEmpty())
        return 0;
    else {
        int count = 0;
        Node* ptr = front;
        while(ptr!=nullptr){
            count++;
            ptr = ptr->next;
        }
        return count;
    }
}
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void Queue::display(){
    if(isEmpty()){
        cout << "Queue is empty" << endl << endl;
    }
    else {
        cout << "Queue: " << endl;
        Node* ptr = front;
        while(ptr!=nullptr){
            cout << ptr->data << " -> ";
            ptr = ptr->next;
        }
    }
    cout << endl << endl;
}

int main(){
    Queue q;
    int option, data;

    do {
        cout << "What operation do you want to perform?" << endl;
        cout << "Select Option Number or 0 to Exit" << endl << endl;
        cout << "1. Enqueue" << endl;
        cout << "2. Dequeue" << endl;
        cout << "3. isEmpty" << endl;
        cout << "4. Count" << endl;
        cout << "8. Display" << endl;
        cout << "9. Clear Screen" << endl;
        cout << "0. Exit" << endl << endl;

        cout << "Enter Your Option Number: ";
        cout << endl;
        cin >> option;

        Node* newNode = new Node();

        switch(option){
            case 0:
                break;
            case 1:
                cout << "Enqueue Function Called." << endl;
                cout << "Enter Value of Node: ";
                cin >> data;
                newNode->data = data;
                q.enqueue(newNode);
                cout << endl;
                break;
            case 2:
                cout << "Dequeue Function Called." << endl;
                newNode = q.dequeue();
                delete newNode;
                cout << endl;
                break;
            case 3:
                if(q.isEmpty()){
                    cout << "Queue is Empty" << endl;
                }
                else {
                    cout << "Queue is not Empty" << endl;
                }
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Circular Queue

                break;
            case 4:
                cout << "Count Function Called." << endl;
                cout << "No of Node in the Queue: " << q.count() << endl << endl;
                break;
            case 8:
                q.display();
                cout << endl;
                break;
            case 9:
                system("cls");
                break;
            default:
                cout << "Please Enter the Proper Option Number" << endl;
                break;
        }

    } while(option!=0);

    return 0;
}
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In [ ]: #include <iostream>
#include <string>
#include <cmath>
using namespace std;

const int MAX_QUEUE = 5;

template<typename ItemType>
class CircularQueue {
private:
    ItemType items[MAX_QUEUE];
    int front;
    int rear;
    int itemCount;
public:
    CircularQueue();//default constructor
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    ~CircularQueue();
    bool isEmpty() const;
    bool isFull() const;
    void enqueue(const ItemType& newEntry);
    ItemType dequeue();
    int size();
    void display();
};

template<typename ItemType>
CircularQueue<ItemType>::CircularQueue() {
    front = -1;
    rear = -1;
    itemCount = 0;

    for (int i = 0; i < MAX_QUEUE; i++){
        items[i] = -1;
    }
}

template<typename ItemType>
CircularQueue<ItemType>::~CircularQueue() {
    delete [] this->items;
}

template<typename ItemType>
bool CircularQueue<ItemType>::isEmpty() const{
    return ((front < 0) && (rear < 0));
};

template<typename ItemType>
bool CircularQueue<ItemType>::isFull() const {
    return (((this->rear + 1) % MAX_QUEUE) == this->front);
};

template<typename ItemType>
void CircularQueue<ItemType>::enqueue(const ItemType& newEntry){
    if(this->isFull()){
        cout << "Queue is full" << endl << endl;
        return;
    }
    if(this->isEmpty()){
        this->front = 0;
        this->rear = 0;
        this->items[rear] = newEntry;
    }
    else {
        rear = (rear + 1) % MAX_QUEUE;
        this->items[rear] = newEntry;
    }
    itemCount++;
}

template<typename ItemType>
ItemType CircularQueue<ItemType>::dequeue(){
    int result = 0;

    if(this->isEmpty()){
        return -1;
    }
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    if(this->front == this->rear){
        result = this->items[front];
        this->items[front] = -1;
        rear = -1;
        front = -1;
        itemCount--;
        return result;
    }
    else {
        result = this->items[front];
        this->items[front] = -1;
        front = (front + 1) % MAX_QUEUE;
        itemCount--;
        return result;
    }
};

template<typename ItemType>
int CircularQueue<ItemType>::size(){
    if(!this->isEmpty())
        return itemCount;
    else
        return 0;
}

template<typename ItemType>
void CircularQueue<ItemType>::display(){
    cout << "The elements in Queue are as below: " << endl;
    for (int i = 0; i < MAX_QUEUE; i++){
        cout << items[i] << " ";
    }
    cout << endl << endl << endl;
}

int main(){

    CircularQueue<int> q1;//Call default constructor

    int option, item;

    do {
        cout << "1. Enqueue" << endl;
        cout << "2. Dequeue" << endl;
        cout << "3. isEmpty" << endl;
        cout << "4. isFull" << endl;
        cout << "5. Count" << endl;
        cout << "6. Display" << endl;
        cout << "7. Clear Screen" << endl;
        cout << "0. Exit" << endl;
        cout << endl;

        cout << "Select Your Option Number: ";
        cin >> option;

        switch(option){
            cout << endl;
            case 0:
                break;
            case 1:
                cout << "Equeue your number(>=0): ";
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Non-Linear Data Structue

Tree

                cin >> item;
                q1.enqueue(item);
                cout << endl << endl;
                break;
            case 2:
                cout << "Dequeue..." << endl;
                item = q1.dequeue();
                if (item == -1){
                    cout << "Queue is empty" << endl << endl;
                }
                else {
                    cout << "Dequeued element: " << item << endl << endl;
                }
                break;
            case 3:
                if(q1.isEmpty())
                    cout << "Queue is empty" << endl << endl;
                else
                    cout << "Queue is not empty" << endl << endl;
                break;
            case 4:
                if(q1.isFull())
                    cout << "Queue is full" << endl << endl;
                else
                    cout << "Queue is not full" << endl << endl;
                break;
            case 5:
                cout << "Count of queue: " << q1.size() << endl << endl;
                break;
            case 6:
                q1.display();
                break;
            case 7:
                system("cls");
                break;
            default:
                cout << "Please enter the proper option" << endl;
                break;
        }

    } while (option != 0);

    return 0;
}
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Binary Tree
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BT Implementation

BT Traversal
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BST vs BT
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Binary Search Tree/BST
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Insert Node - Recursive
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Delete Node

AVL Tree
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In [ ]: #include <iostream>
#define SPACE 5
using namespace std;

class TreeNode{
public:
    int value;
    TreeNode* left;
    TreeNode* right;

    TreeNode();
    TreeNode(int v);
};

TreeNode::TreeNode() : value(0), left(nullptr), right(nullptr){}

TreeNode::TreeNode(int v){
    value = v;
    left = nullptr;
    right = nullptr;
}

class BST{
public:
    TreeNode* root;
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    BST();

    bool isEmpty();
    void insertNode(TreeNode* newNode, int v);
    TreeNode* searchNode(int v);
    int height(TreeNode* root);
    TreeNode* minValueNode(TreeNode* root);
    TreeNode* deleteNode(TreeNode* root, int v);
    void print2D(TreeNode* root, int space);
    void printPreorder(TreeNode* root);
    void printInorder(TreeNode* root);
    void printPostorder(TreeNode* root);
    void printLevelOrder(TreeNode* root);
    void printGivenLevel(TreeNode* root, int level);
};

BST::BST() : root(nullptr){}

bool BST::isEmpty(){
    if(root==nullptr)
        return true;
    else
        return false;
}

void BST::insertNode(TreeNode* newNode, int v){
    newNode->value = v;
    if(root==nullptr){
        root = newNode;
        cout << "Value Inserted as Root Node!" << endl;
    }
    else {
        TreeNode* ptr = root;
        while(ptr!=nullptr){
            if(newNode->value == ptr->value){
                cout << "Value Already exist. Insert Another Value." << endl;
                return;
            }
            else if((newNode->value < ptr->value) && (ptr->left==nullptr)){
                ptr->left = newNode;
                cout << "Value Inserted in the left" << endl;
                break;
            }
            else if(newNode->value < ptr->value){
                ptr = ptr->left;
            }
            else if((newNode->value > ptr->value) && (ptr->right==nullptr)){
                ptr->right = newNode;
                cout << "Value Inserted in the right" << endl;
                break;
            }
            else {
                ptr = ptr->right;
            }
        }
    }
}

TreeNode* BST::searchNode(int v){
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    if(root==nullptr)
        return root;
    TreeNode* ptr = root;
    while (ptr!=nullptr){
        if(ptr->value == v)
            return ptr;
        else if(ptr->value > v){
            ptr = ptr->left;
        }
        else {
            ptr = ptr->right;
        }
    }
    return nullptr;
}

int BST::height(TreeNode* root){
    if(root==nullptr)
        return -1;
    else {
        int leftHeight = height(root->left);
        int rightHeight = height(root->right);

        if(leftHeight > rightHeight)
            return (leftHeight + 1);
        else
            return (rightHeight + 1);
    }
}

TreeNode* BST::minValueNode(TreeNode* root){
    TreeNode* ptr = root;
    while(ptr->left!=nullptr){
        ptr = ptr->left;
    }
    return ptr;
}

TreeNode* BST::deleteNode(TreeNode* root, int v){

    if(root==nullptr)
        return root;
    TreeNode* ptr = root;
    if(ptr->value > v){
        ptr->left = deleteNode(ptr->left, v);
    }
    else if(ptr->value < v){
        ptr->right = deleteNode(ptr->right, v);
    }
    else{ // find the node with v
        if(ptr->left==nullptr){ // maybe have right child or no right child when pt
             TreeNode* temp = ptr->right;
            delete ptr;
            return temp;
        }
        else if(ptr->right==nullptr){ // only left child
            TreeNode* temp = ptr->left;
            delete ptr;
            return temp;
        }
        else { // have two children
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            TreeNode* temp = minValueNode(ptr->right);
            ptr->value = temp->value;
            ptr->right = deleteNode(ptr->right, temp->value);
        }
    }
    return ptr;
}

void BST::print2D(TreeNode* root, int space){
    if(root == nullptr)
        return;
    space += SPACE; // increase distance between level
    print2D(root->right, space);
    cout << endl;
    for(int i=SPACE; i<space; i++){
        cout << " ";
    }
    cout << root->value << endl;
    print2D(root->left, space);
}

 void BST::printPreorder(TreeNode* root){
    if(root==nullptr){
        return;
    }
    cout << root->value << " ";
    printPreorder(root->left);
    printPreorder(root->right);
 }

 void BST::printInorder(TreeNode* root){
    if(root==nullptr){
        return;
    }
    printInorder(root->left);
    cout << root->value << " ";
    printInorder(root->right);
 }

 void BST::printPostorder(TreeNode* root){
    if(root==nullptr){
        return;
    }
    printPostorder(root->left);
    printPostorder(root->right);
    cout << root->value << " ";
 }

void BST::printGivenLevel(TreeNode* root, int level){
    if(root==nullptr){
        return;
    }
    else if (level==0)
        cout << root->value << " ";
    else {
        printGivenLevel(root->left, level - 1);
        printGivenLevel(root->right, level - 1);
    }
}

void BST::printLevelOrder(TreeNode* root){
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    int h = height(root);
    for(int i=0; i<=h; i++){
        printGivenLevel(root, i);
    }
 }

class AVLTree : public BST {
public:

    AVLTree();

    int getBalanceFactor(TreeNode* ptrNode);
    TreeNode* insertRecursive(TreeNode* root, TreeNode* newNode, int v);
    TreeNode* rotateRecursive(TreeNode* root);
    TreeNode* insertAndRotate(TreeNode* root, TreeNode* newNode, int v);
    TreeNode* deleteAndRotate(TreeNode* root, int v);
    TreeNode* rightRotate(TreeNode* ptrNode);
    TreeNode* leftRotate(TreeNode* ptrNode);
    TreeNode* recusiveSearch(TreeNode* root, int v);
};

AVLTree::AVLTree(){
    root = nullptr;
}

TreeNode* AVLTree::insertRecursive(TreeNode* root, TreeNode* newNode, int v){
    newNode->value = v;
    if(root==nullptr){
        root = newNode;
        cout << "Value inserted successfully" << endl;
        return root;
    }
    if(newNode->value < root->value){
        root->left = insertAndRotate(root->left, newNode, v);
    }
    else if(newNode->value > root->value){
        root->right = insertAndRotate(root->right,  newNode, v);
    }
    else {
        cout << "No duplicate value allowed" << endl;
        return root;
    }
    return root;
}

int AVLTree::getBalanceFactor(TreeNode* root){
        if (root==nullptr)
            return -1;
        return (height(root->left) - height(root->right));
    }

TreeNode* AVLTree::rightRotate(TreeNode* root){
    TreeNode* ptrNode = root->left;
    ptrNode->right = root;
    root->left = nullptr;

    return ptrNode;
}

TreeNode* AVLTree::leftRotate(TreeNode* root){



1/23/23, 12:05 AM Memo_Data_Structure

file:///C:/Users/User/Downloads/Memo_Data_Structure.html 87/160

    TreeNode* ptrNode = root->right;
    ptrNode->left = root;
    root->right = nullptr;
    return ptrNode;
}
/*
TreeNode* AVLTree::insertAndRotate(TreeNode* root, TreeNode* newNode, int v){
    newNode->value = v;
    if(root==nullptr){
        root = newNode;
        cout << "Value inserted successfully" << endl;
        return root;
    }
    if(newNode->value < root->value){
        root->left = insertAndRotate(root->left, newNode, v);
    }
    else if(newNode->value > root->value){
        root->right = insertAndRotate(root->right,  newNode, v);
    }
    else {
        cout << "No duplicate value allowed" << endl;
        return root;
    }

    // Transform to AVL Tree
    int balanceFactor = getBalanceFactor(root);

    if((balanceFactor>1) && (newNode->value < root->left->value))
        return rightRotate(root);

    if((balanceFactor>1) && (newNode->value > root->left->value)){
        root->left = leftRotate(root->left);
        return rightRotate(root);
    }

    if((balanceFactor<-1) && (newNode->value > root->right->value))
        return leftRotate(root);

    if((balanceFactor<-1) && (newNode->value < root->right->value)){
        root->right = rightRotate(root->right);
        return leftRotate(root);
    }
    return root;
}
*/

TreeNode* AVLTree::rotateRecursive(TreeNode* root){
    int balanceFactor = getBalanceFactor(root);

    if((balanceFactor>1) && (getBalanceFactor(root->left)>=0))
        return rightRotate(root);

    if((balanceFactor>1) && (getBalanceFactor(root->left)==-1)){
        root->left = leftRotate(root->left);
        return rightRotate(root);
    }

    if((balanceFactor<-1) && (getBalanceFactor(root->right)<=0))
        return leftRotate(root);
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    if((balanceFactor<-1) && (getBalanceFactor(root->right)==1)){
        root->right = rightRotate(root->right);
        return leftRotate(root);
    }
    return root;
}

TreeNode* AVLTree::insertAndRotate(TreeNode* root, TreeNode* newNode, int v){

    root = insertRecursive(root, newNode, v);
    root = rotateRecursive(root);

    return root;
}

TreeNode* AVLTree::deleteAndRotate(TreeNode* root, int v){

    root = deleteNode(root, v);
    root = rotateRecursive(root);

    return root;
}

TreeNode* AVLTree::recusiveSearch(TreeNode* root, int v){
    if(root==nullptr || root->value==v)
        return root;
    else if(v < root->value)
        return recusiveSearch(root->left, v);
    else
        return recusiveSearch(root->right, v);
}

int main(){
    int option, value, height;
    int space = 2;
    BST obj;
    AVLTree balanceObj;

    do{
        cout << "Welcome to learning Data Structure and Algorithm." << endl << endl

        cout << "Select Option Number or Enter 0 to exit." << endl;
        cout << "1. Insert Node" << endl;
        cout << "2. Search Node" << endl;
        cout << "3. Delete Node" << endl;
        cout << "4. Height of Tree" << endl;
        cout << "5. Print Values in 2D" << endl;
        cout << "6. Insert Node to AVL Tree" << endl;
        cout << "7. Delete Node in AVL Tree" << endl;
        cout << "8. Search Node in AVL Tree" << endl;
        cout << "9. Print AVL Tree" << endl;
        cout << "10. Clear Screen" << endl;
        cout << "0. Exit Program" << endl;
        cout << endl;

        cin >> option;

        TreeNode* newNode = new TreeNode(); // in heap memory

        switch(option){
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            case 0:
                break;
            case 1:
                cout << "Insert" << endl;
                cout << "Enter Value of Tree Node to Insert in BST: ";
                cin >> value;
                obj.insertNode(newNode, value);
                cout << endl << endl;
                break;
            case 2:
                cout << "Search" << endl;
                cout << "Enter Value of Tree Node to Search: ";
                cin >> value;
                newNode = obj.searchNode(value);
                if(newNode!=nullptr){
                    cout << "Value " << value << " Found" << endl;
                }
                else {
                    cout << "Value " << value << " Not Found" << endl;
                }
                break;
            case 3:
                cout << "Delete" << endl;
                cout << "Enter Value of Tree Node to Delete: ";
                cin >> value;
                if(obj.searchNode(value)!=nullptr){
                    obj.deleteNode(obj.root, value);
                    cout << "Value Deleted" << endl << endl;

                }
                else {
                    cout << "Value " << value << " not Found" << endl << endl;
                }

                break;
            case 4:
                cout << "Tree Height" << endl;
                height = obj.height(obj.root);
                cout << "Height: " << height << endl;
                cout << endl << endl;
                break;
            case 5:
                cout << "2D Print" << endl;
                obj.print2D(obj.root, space);
                cout << endl << endl;
                cout << "Preorder: " << endl;
                obj.printPreorder(obj.root);
                cout << endl << endl;
                cout << "Inorder: " << endl;
                obj.printInorder(obj.root);
                cout << endl << endl;
                cout << "Postorder: " << endl;
                obj.printPostorder(obj.root);
                cout << endl << endl;
                cout << "Levelorder: " << endl;
                obj.printLevelOrder(obj.root);
                cout << endl << endl;
                break;
            case 6:
                cout << "Insert Node to AVL Tree" << endl;
                cout << "Enter Value: ";
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Red Black Tree

                cin >> value;
                balanceObj.root = balanceObj.insertAndRotate(balanceObj.root, newNo
                cout << endl << endl;
                break;
            case 7:
                cout << "Delete Node in AVL Tree" << endl;
                cout << "Enter Value: ";
                cin >> value;
                balanceObj.root = balanceObj.deleteAndRotate(balanceObj.root, value
                cout << endl << endl;
                break;
            case 8:
                cout << "Search Node in AVL Tree" << endl;
                cout << "Enter Value to Search: ";
                cin >> value;
                newNode = balanceObj.searchNode(value);
                if(newNode!=nullptr){
                    cout << "Value " << value << " Found" << endl;
                }
                else {
                    cout << "Value " << value << " Not Found" << endl;
                }
                break;
            case 9:
                cout << "Print AVL Tree" << endl;
                balanceObj.print2D(balanceObj.root, space);
                cout << endl << endl;
                break;
            case 10:
                system("cls");
                break;
            default:
                cout << "Please Enter the Proper Option." << endl;
                break;
        }
    } while (option !=0);

    return 0;
}
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Expression Tree
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Prefix, Postfix, Infix
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Heap
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Priority Queue
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In [ ]: #include <iostream>
#include <math.h>
using namespace std;

/*
swap(int &x, int &y){
    int temp = x;
    x = y;
    y = temp;
}
*/

class MinHeap{
public:
    int* heapArray;
    int capacity;
    int heapSize;

    MinHeap(int cap);
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    int linearSearch(int val);
    int parent(int i);
    int leftchild(int i);
    int rightchild(int i);
    void insertion(int val);
    void minHeapify(int i);
    void deletion(int val);
    void decreaseKey(int i, int newVal);
    int getMin();
    int extractMin();
    void heapSort();
    int height();
    void printHeapArray();
};

MinHeap::MinHeap(int cap){
    capacity = cap;
    heapSize = 0;
    heapArray = new int[cap];
}

int MinHeap::linearSearch(int val){
    for(int i=0; i<heapSize; i++){
        if(heapArray[i]==val){
            return i;
        }
    }
    return -1;
}

int MinHeap::parent(int i) {
    return (i-1)/2;
}
int MinHeap::leftchild(int i){
    return (2*i+1);
}
int MinHeap::rightchild(int i){
    return (2*i+2);
}

void MinHeap::insertion(int val){
    if(heapSize == capacity){
        cout << "\nMin Heap Overflow" << endl;
        return;
    }
    for(int i=0; i<heapSize; i++){
        if(heapArray[i]==val){
            cout << "Value Already exist. Insert Another Value." << endl;
            return;
        }
    }
    heapSize++;
    int i = heapSize - 1;
    heapArray[i] = val;

    while(i!=0){
        if(heapArray[parent(i)] > heapArray[i]){
            swap(heapArray[parent(i)], heapArray[i]);
            i = parent(i); // continue to compare until i==0
        }
        else
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            return;
    }
}

void MinHeap::minHeapify(int i){
    int left = leftchild(i);
    int right = rightchild(i);
    int smallest = i;
    if ((left<heapSize) && (heapArray[left]<heapArray[smallest])){
        smallest = left;
    }
    if((right<heapSize) && (heapArray[right]<heapArray[smallest])){
        smallest = right;
    }
    if(smallest!=i){
        swap(heapArray[i], heapArray[smallest]);
        minHeapify(smallest);
    }
}

void MinHeap::decreaseKey(int i, int newVal){
    heapArray[i] = newVal;
    while(i>=0 && (heapArray[parent(i)] > heapArray[i])){
        swap(heapArray[parent(i)], heapArray[i]);
        i = parent(i); // continue to compare until i==0
    }
}

void MinHeap::deletion(int val){
    int index = linearSearch(val);
    if(index==-1){
        cout << "Value " << val << " Not Found";
    }
    else {
        decreaseKey(index, INT_MIN);
        extractMin();
        cout << "Delete Value " << val << endl;
    }
}

int MinHeap::getMin(){
    return heapArray[0];
}

int MinHeap::extractMin(){
    if(heapSize <=0)
        return INT_MAX;
    if(heapSize==1){
        heapSize--;
        return heapArray[0];
    }
    int min = heapArray[0];
    heapArray[0] = heapArray[heapSize-1];
    heapSize--;
    minHeapify(0);
    return min;
}

void MinHeap::heapSort(){
    for(int i=0; i<capacity; i++){
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        cout << extractMin() << " ";
    }
}

int MinHeap::height(){
    return ceil(log2(heapSize+1)) - 1;
}

void MinHeap::printHeapArray(){
    for(int i=0; i<heapSize; i++){
        cout << heapArray[i] << " ";
    }
    cout << endl << endl;
}

int main(){

    int cap;
    cout << "Enter the Size of Min Heap: ";
    cin >> cap;
    MinHeap obj(cap);
    cout << "Min Heap Created" << endl << endl;

    int option, val;

    do{
        cout << "What operation do you to perform?" << endl << endl;
        cout << "1. Insert" << endl;
        cout << "2. Search" << endl;
        cout << "3. Delete" << endl;
        cout << "4. Get Min" << endl;
        cout << "5. Extract Min" << endl;
        cout << "6. Height of Heap" << endl;
        cout << "7. Min Heap Sort" << endl;
        cout << "8. Print the Heap" << endl;
        cout << "9. Clear Screen" << endl;
        cout << "0. Exit Program" << endl;

        cout << "\nSelect Option Number or 0 to Exit." << endl;
        cin >> option;

        switch(option){
            case 0:
                break;
            case 1:
                cout << "Insert Operation" << endl;
                cout << "Enter Value to Insert in Heap: ";
                cin >> val;
                obj.insertion(val);
                cout << endl << endl;
                break;
            case 2:
                cout << "Search Operation" << endl;
                cout << "Enter Value to Search in Heap: ";
                cin >> val;
                if(obj.linearSearch(val)==-1){
                    cout << "Not Found";
                }
                else {
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Treep

                    cout << val << " Found at index " << obj.linearSearch(val);
                }
                cout << endl << endl;
                break;
            case 3:
                cout << "Delete Operation" << endl;
                cout << "Enter Value to Delete in Heap: ";
                cin >> val;
                obj.deletion(val);
                cout << endl << endl;
                break;
            case 4:
                cout << "Get Min Operation" << endl;
                cout << "Min Value: " << endl;
                cout << obj.getMin() << endl;
                cout << endl << endl;
                break;
            case 5:
                cout << "Extract Min Value: ";
                cout << obj.extractMin() << endl;
                cout << endl << endl;
                break;
            case 6:
                cout << "The Height of Heap: ";
                cout << obj.height() << endl;
                cout << endl << endl;
                break;
            case 7:
                cout << "\nUnsorted Array: " << endl;
                obj.printHeapArray();
                cout << "Sorted Array: " << endl;
                obj.heapSort();
                cout << endl << endl;
                break;
            case 8:
                cout << "Print Heap Array: " << endl;
                obj.printHeapArray();
                cout << endl << endl;
                break;
            case 9:
                system("cls");
                break;
            default:
                cout << "Please Enter the Proper Option.";
                break;
        }
    } while(option!=0);
    return 0;
}
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Splay Tree
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B Tree
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B+ Tree

Huffman Code
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Graph
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Graph Presentation
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In [ ]: #include <iostream>
using namespace std;

const int MAX_NODE_CNT = 10;

void distFromSource(
    const bool adjacenet[][MAX_NODE_CNT],
    int dist[],
    int nodeCnt,
    int source
);

int main(){
    int nodeCnt = 5;
    bool adjacent[MAX_NODE_CNT][MAX_NODE_CNT] = {
        {1, 1, 0, 0, 1},
        {1, 1, 1, 0, 0},
        {0, 1, 1, 1, 0},
        {0, 0, 1, 1, 1},
        {1, 0, 0, 1, 1}
    };
    int dist[MAX_NODE_CNT] = {0};
    int source = 0;

    distFromSource(adjacent, dist, nodeCnt, source);

    cout << "\nThe complete result: \n";
    for (int i = 0; i < nodeCnt; i++){
        cout << dist[i] << " ";
    }

    return 0;
}

void distFromSource(const bool adjacent[][MAX_NODE_CNT],
    int dist[], int nodeCnt, int source)
{
    for (int i = 0; i< nodeCnt; i++){
        dist[i] = nodeCnt;
    }

    dist[source] = 0;
    int curDist = 1;
    int complete = 1;

    while (complete < nodeCnt){
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        for (int i = 0; i < nodeCnt; i++){
            if(dist[i] == curDist - 1){
                for (int j = 0; j < nodeCnt; j++){
                    if((adjacent[i][j] == true)
                       && (dist[j] == nodeCnt)){
                           dist[j] = curDist;
                           complete++;
                    }
                }
            }
        }
        curDist++;
    }
}
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In [ ]: #include <iostream>
#include <vector>
#include <list>
#include <iterator>
using namespace std;

class Edge {
private:
    int DestinationVertexID;
    int weight;
public:
    Edge(); // constructor
    Edge(int destVID, int w);
    void setEdgeValues(int destVID, int w);
    void setWeight(int w);
    int getDestinationVertexID();
    int getWeight();
};

Edge::Edge() : DestinationVertexID(0), weight(0) {}

Edge::Edge(int destVID, int w){
    DestinationVertexID = destVID;
    weight = w;
}

void Edge::setEdgeValues(int destVID, int w){
    DestinationVertexID = destVID;
    weight = w;
}

void Edge::setWeight(int w){
    weight = w;
}

int Edge::getDestinationVertexID(){
    return DestinationVertexID;
}

int Edge::getWeight(){
    return weight;
}
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class Vertex {
private:
    int state_id;
    string state_name;
public:
    Vertex();
    Vertex(int id, string name);
    int getStateID();
    string getStateName();
    void setStateID(int id);
    void setStateName(string sname);
    list<Edge> edgeList;
    list<Edge> getEdgeList();
    void printEdgeList();
};

Vertex::Vertex() : state_id(0), state_name(""){}

Vertex::Vertex(int id, string sname){
    state_id = id;
    state_name = sname;
}

int Vertex::getStateID(){
    return state_id;
}

string Vertex::getStateName(){
    return state_name;
}

void Vertex::setStateID(int id){
    state_id = id;
}

void Vertex::setStateName(string sname){
    state_name = sname;
}

list<Edge> Vertex::getEdgeList(){
    return edgeList;
}

void Vertex::printEdgeList(){
    cout << ("[");
    for(auto it=edgeList.begin(); it!=edgeList.end(); it++){
        cout << it->getDestinationVertexID()<< "(" << it->getWeight() << ") -->";

    }
    cout << ("]") << endl;
}

class Graph {
public:
    vector<Vertex> vertices;
    bool checkIfVertexExistByID(int vid);
    bool checkIfEdgeExistByID(int fromVertex, int toVertex);
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    Vertex getVertexByID(int vid);
    void addVertex(Vertex newVertex);
    void addEdgeByID(int fromVertex, int toVertex, int weight);
    void updateEdgeByID(int fromVertex, int toVertex, int newWeight);
    void deleteEdgeByID(int fromVertex, int toVertex);
    void deleteVertexByID(int vid);
    void updateVertexByID(int vid, string sname);
    void printGraph();
};

Vertex Graph::getVertexByID(int vid){
    Vertex temp;
    for(int i=0; i<vertices.size(); i++){
        temp = vertices.at(i);
        if(temp.getStateID() == vid){
            return temp;
        }
    }
    return temp;
}

bool Graph::checkIfVertexExistByID(int vid){
    for(int i=0; i<vertices.size(); i++){
        if(vertices.at(i).getStateID() == vid)
            return true;
    }
    return false;
}

void Graph::addVertex(Vertex newVertex){
    bool check = checkIfVertexExistByID(newVertex.getStateID());
    if(check){
        cout << "Vertex with this ID already exist" << endl << endl << endl;
    }
    else {
        vertices.push_back(newVertex);
        cout << "New Vertex Added Successfully" << endl << endl << endl;
    }
}

bool Graph::checkIfEdgeExistByID(int fromVertex, int toVertex){
    Vertex v = getVertexByID(fromVertex);
    list<Edge> e;
    e = v.getEdgeList();
    for(auto it = e.begin(); it != e.end(); it++){
        if(it->getDestinationVertexID() == toVertex){
            return true;
        }
    }
    return false;
}

void Graph::addEdgeByID(int fromVertex, int toVertex, int weight){
    bool check1 = checkIfVertexExistByID(fromVertex);
    bool check2 = checkIfVertexExistByID(toVertex);
    if (check1 && check2){
        bool check3 = checkIfEdgeExistByID(fromVertex, toVertex);
        if(check3){
            cout << "Edge between" << getVertexByID(fromVertex).getStateName()
            << "(" << fromVertex << ") and " << getVertexByID(fromVertex).getStateN
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            << "(" << toVertex << ") already existed";
        }
        else {
            for(int i=0; i<vertices.size(); i++){
                if(vertices.at(i).getStateID() == fromVertex){
                    Edge e(toVertex, weight);
                    vertices.at(i).edgeList.push_back(e);
                }
                else if(vertices.at(i).getStateID() == toVertex){
                    Edge e(fromVertex, weight);
                    vertices.at(i).edgeList.push_back(e);
                }
            }
        }
        cout << "Edge between " << fromVertex << " and "
        << toVertex << "added edge successfully" << endl << endl;
    }
    cout << "Invalid Vertex ID entered." << endl << endl;
}

void Graph::updateEdgeByID(int fromVertex, int toVertex, int newWeight){
    bool check = checkIfEdgeExistByID(fromVertex, toVertex);
    if(check){
        for(int i=0; i<vertices.size(); i++){
            if(vertices.at(i).getStateID() == fromVertex){
                for(auto it=vertices.at(i).edgeList.begin(); it!=vertices.at(i).edg
                    if(it->getDestinationVertexID() == toVertex){
                        it->setWeight(newWeight);
                        break;
                    }
                }
            }
            else if(vertices.at(i).getStateID() == toVertex){
                for(auto it=vertices.at(i).edgeList.begin(); it!=vertices.at(i).edg
                    if(it->getDestinationVertexID() == fromVertex){
                        it->setWeight(newWeight);
                        break;
                    }
                }
            }
        }
        cout << "Edge Weight Updated Successfully" << endl << endl;
    }
    else {
        cout << "Edge Between " << getVertexByID(fromVertex).getStateID()
        << "and " << getVertexByID(fromVertex).getStateID() << " not existed";
    }
}

void Graph::deleteEdgeByID(int fromVertex, int toVertex){
    bool check = checkIfEdgeExistByID(fromVertex, toVertex);
    if(check){
        for(int i=0; i<vertices.size(); i++){
            if(vertices.at(i).getStateID() == fromVertex){
                for(auto it=vertices.at(i).edgeList.begin(); it!=vertices.at(i).edg
                    if(it->getDestinationVertexID() == toVertex){
                        vertices.at(i).edgeList.erase(it);
                        break;
                    }
                }
            }
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            else if(vertices.at(i).getStateID() == toVertex){
                for(auto it=vertices.at(i).edgeList.begin(); it!=vertices.at(i).edg
                    if(it->getDestinationVertexID() == fromVertex){
                        vertices.at(i).edgeList.erase(it);
                        break;
                    }
                }
            }
        }
        cout << "Edge Deleted Successfully" << endl << endl;
    }
    else {
        cout << "Edge does not exist" << endl << endl;
    }
}

void Graph::deleteVertexByID(int vid){
    bool check = checkIfVertexExistByID(vid);
    if(check){
        int vertexIndex = 0;
        for(int i=0; i<vertices.size(); i++){
            if(vertices.at(i).getStateID() == vid){
                vertexIndex = i;
            }
        }
        for(auto it=vertices.at(vertexIndex).edgeList.begin(); it!=vertices.at(vert
            deleteEdgeByID(it->getDestinationVertexID(), vid);
        }
        vertices.erase(vertices.begin() + vertexIndex);
        cout << "Vertex Deleted Successfully" << endl;
    }
    else{
        cout << "Invalid Vertex ID entered." << endl;
    }

}

void Graph::updateVertexByID(int vid, string sname){
    bool check = checkIfVertexExistByID(vid);
    if(check){
        for(int i=0; i<vertices.size(); i++){
            if(vertices.at(i).getStateID() == vid){
                vertices.at(i).setStateName(sname);
                break;
            }
        }
        cout << "Vertex(State) Updated Successfully" << endl << endl;
    }
    else {
        cout << "Invalid Vertex ID entered." << endl;
    }
}

void Graph::printGraph(){
    for(int i=0; i<vertices.size(); i++){
        Vertex temp;
        temp = vertices.at(i);
        cout << temp.getStateName() << "(" << temp.getStateID() << ") --> ";
        temp.printEdgeList();
        cout << endl << endl;
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    }
}

int main(){

    int option;
    int id, id1, id2, weight;
    Graph g;
    string sname;
    Vertex v;

    do {
        cout << "\nWelcome to Learning Data Structure and Algorithm" << endl;
        cout << "Topic: Graph" << endl << endl;

        cout << "What operation do you want to perform? "
        << "Select Option Number or Enter 0 to exit." << endl << endl;

        cout << "1. Add Vertex" << endl;
        cout << "2. Update Vertex" << endl;
        cout << "3. Delete Vertex" <<  endl;
        cout << "4. Add Edge" << endl;
        cout << "5. Update Edge" << endl;
        cout << "6. Delete Edge" << endl;
        cout << "7. Check if 2 Vertices are Neighbors" << endl;
        cout << "8. Print All Neighbors of a Vertex" << endl;
        cout << "9. Print Graph" << endl;
        cout << "10. Clear Screen" << endl;
        cout << "0. Exit Program" << endl;
        cout << endl;
        cin >> option;

        cout << endl;

        switch (option) {
            case 0:
                break;
            case 1:
                cout << "Add Vertex" << endl;
                cout << "Enter State ID: ";
                cin >> id;
                cout << "Enter State Name: ";
                cin >> sname;
                v.setStateID(id);
                v.setStateName(sname);
                g.addVertex(v);
                break;
            case 2:
                cout << "Update Vertex" << endl;
                cout << "Enter ID of Vertex(State) to Update: ";
                cin >> id;
                cout << "Enter the new State Name: ";
                cin >> sname;
                g.updateVertexByID(id, sname);
                break;
            case 3:
                cout << "Delete Vertex" <<  endl;
                cout << "Enter ID of Vertex(State) to Delete: ";
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Graph Algorithm

                cin >> id;
                g.deleteVertexByID(id);
                break;
            case 4:
                cout << "Add Edge" << endl;
                cout << "Enter ID of Source Vertex(State): ";
                cin >> id1;
                cout << "Enter ID of Destination Vertex(State): ";
                cin >> id2;
                cout << "Enter Weight of Edge: ";
                cin >> weight;
                g.addEdgeByID(id1, id2, weight);
                break;
            case 5:
                cout << "Update Edge" << endl;
                cout << "Enter ID of Source Vertex(State): ";
                cin >> id1;
                cout << "Enter ID of Destination Vertex(State): ";
                cin >> id2;
                cout << "Enter Updated Weight of Edge: ";
                cin >> weight;
                g.updateEdgeByID(id1, id2, weight);
                break;
            case 6:
                cout << "Delete Edge" << endl;
                cout << "Enter ID of Source Vertex(State): ";
                cin >> id1;
                cout << "Enter ID of Destination Vertex(State): ";
                cin >> id2;
                g.deleteEdgeByID(id1, id2);
                break;
            case 7:
                cout << "Check if 2 Vertices are Neighbors" << endl;
                break;
            case 8:
                cout << "Print All Neighbors of a Vertex " << endl;
                break;
            case 9:
                cout << "Print Graph" << endl;
                g.printGraph();
            case 10:
                break;
            default:
                cout << "Please enter the proper option" << endl;
                break;
        }
    } while ( option != 0);

    return 0;
}
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DFS
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BFS
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Graph - Spanning Tree
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|

Prim's Algorithm for Minimum Spanning
Tree (MST)
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Kruskals Algorithm for Minimum Spanning
Tree- Greedy method

Detect Cycle in Directed Graph
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Detect Cycle in Undirected Graph
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Topological Sorting for Graph
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Connected Components
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Find Bridges(Cut Edge) in a Graph
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SSSP(Shortest Path Algorithms)
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Bellman Ford Algorithm
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Floyd Warshall Algorithm (All Pair Shortest
Path algorithm)
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Search Algorithm

Linear Search

In [ ]: #include <iostream>
using namespace std;

void linearSearch(int arr[], int n);

int main(){

    int arr[5] = {1, 22, 34, 5, 7};
    int searchNum;

    cout << "Please enter a number to search: ";
    cin >> searchNum;

    linearSearch(arr, searchNum);

    return 0;
}

void linearSearch(int arr[], int searchNum){
    int found = -1;
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Binary Search in sorted Array

    for(int i = 0; i < 5; i++){
        if(arr[i] == searchNum){
            cout << "Found at index: " << i << endl;
            found = 1;
        }
    }

    if(found == -1){
        cout << "Not Found" << endl;
    }
}

In [ ]: #include <iostream>
using namespace std;

int binarySearch(int arr[], int left, int right, int n);

int main(){

    int myArr[10];
    int searchNum;
    int index;

    cout << "Please enter 10 numbers in ASCENDING order" << endl;
    for(int i=0; i<10; i++){
        cin >> myArr[i];
    }
    cout << endl;

    cout << "Please enter a number to search: ";
    cin >> searchNum;
    cout << endl;

    index = binarySearch(myArr, 0, 9, searchNum);

    if(index == -1){
        cout << "No Match Found" << endl;
    }
    else {
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        cout << "Found at index: " << index << endl;
    }

    return 0;
}

int binarySearch(int arr[], int left, int right, int x){

    while(left <= right){
        int mid = left + (right - right)/2;
        if(arr[mid] == x){
            return mid;
        }
        else if(arr[mid] < x){
            left = mid + 1;
        }
        else {
            right = mid - 1;
        }
    }

    return -1;
}

In [ ]: #include <iostream>
using namespace std;

int binarySearch(int arr[], int left, int right, int n);

int main(){

    int myArr[10];
    int searchNum;
    int index;

    cout << "Please enter 10 numbers in ASCENDING order" << endl;
    for(int i=0; i<10; i++){
        cin >> myArr[i];
    }
    cout << endl;
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Sort Algorithm

    cout << "Please enter a number to search: ";
    cin >> searchNum;
    cout << endl;

    index = binarySearch(myArr, 0, 9, searchNum);

    if(index == -1){
        cout << "No Match Found" << endl;
    }
    else {
        cout << "Found at index: " << index << endl;
    }

    return 0;
}

int binarySearch(int arr[], int left, int right, int x){

    while(left <= right){
        int mid = left + (right - right)/2;
        if(arr[mid] == x){
            return mid;
        }
        else if(arr[mid] < x){
            return binarySearch(arr, mid + 1, right, x);
        }
        else {
            return binarySearch(arr, left, mid - 1, x);
        }
    }

    return -1;
}
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|>

Sorting in Array



1/23/23, 12:05 AM Memo_Data_Structure

file:///C:/Users/User/Downloads/Memo_Data_Structure.html 141/160

Selection Sort

Insertion Sort



1/23/23, 12:05 AM Memo_Data_Structure

file:///C:/Users/User/Downloads/Memo_Data_Structure.html 142/160



1/23/23, 12:05 AM Memo_Data_Structure

file:///C:/Users/User/Downloads/Memo_Data_Structure.html 143/160

Bubble Sort

In [ ]: #include <iostream>
using namespace std;

void display(int* arr, int n);

void selectionSort(int* arr, int n);

void insertionSort(int* arr, int n);
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void bubbleSort(int* arr, int n);

int main(){

    int option;
    int arraySize;

    do {
        cout << "Welcome to Learning C++ Data Structure and Algorithm" << endl;
        cout << "Topic: Sorting Algorithm" << endl << endl;

        cout << "1. Selection Sort" << endl;
        cout << "2. Insertion Sort" << endl;
        cout << "3. Bubble Sort" << endl;
        cout << "0. Exit" << endl;
        cout << endl;

        cout << "Select Your Option Number: ";
        cin >> option;
        cout << endl;

        if(option==0){
            break;
        }

        cout << "Enter your array size: ";
        cin >> arraySize;
        int arr[arraySize];
        cout << "\nEnter " << arraySize << " numbers in random order: " << endl;

        for(int i = 0; i < arraySize; i++){
            cin >> arr[i];
        }
        cout << endl;

        switch(option){
            //case 0://Quit
            //    break;
            case 1://Selection Sort
                selectionSort(arr, arraySize);
                display(arr, arraySize);
                break;
            case 2://Insertion Sort
                insertionSort(arr, arraySize);
                display(arr, arraySize);
                break;
            case 3://Bubble Sort
                bubbleSort(arr, arraySize);
                display(arr, arraySize);
                break;
            default:
                cout << "Enter the proper option number" << endl;
                cout << endl;
                break;
        }
    } while (option != 0);

    return 0;
}
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void display(int* arr, int n){
    cout << "The Sorted Array: " << endl;
    for(int i=0; i<n; i++){
        cout << arr[i] << " ";
    }
    cout << endl << endl << endl;
}

void selectionSort(int* arr, int n){
    for(int i=0; i < n-1; i++){
        int min = i;
        for(int j=i+1; j<n; j++){
            if(arr[min] > arr[j]){
                min = j;
            }
        }
        if (min != i){
            int temp = arr[min];
            arr[min] = arr[i];
            arr[i] = temp;
        }
    }
}

void insertionSort(int* arr, int n){
    for(int i=1; i<=n-1; i++){
        int key = arr[i];
        int hole = i;
        while(hole>=0 && arr[hole-1]>key){
            arr[hole] = arr[hole-1];
            hole = hole-1;
        }
        arr[hole] = key;
    }
}

/*
void bubbleSort(int* arr, int n){
    for(int i=0; i<n-1; i++){
        for(int j=0; j<n-i-1; j++){
            if(arr[j] > arr[j+1]){
                int temp = arr[j];
                arr[j] = arr[j+1];
                arr[j+1] = temp;
            }
        }
    }
}
*/

//Optimized Bubble Sort Algorithm
void bubbleSort(int* arr, int n){
    for(int i=0; i<n-1; i++){
        bool swapFlag = false;
        for(int j=0; j<n-i-1; j++){
            if(arr[j] > arr[j+1]){
                swapFlag = true;
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Merge Sort

                int temp = arr[j];
                arr[j] = arr[j+1];
                arr[j+1] = temp;
            }
        }
        if(swapFlag==false){
            break;
        }
    }
}
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In [ ]: #include <iostream>
using namespace std;

void display(int* arr, int n);

void mergeSort(int* arr, int l, int r, int n);

int main(){

    int arraySize;

    cout << "Welcome to Learning C++ Data Structure and Algorithm" << endl;
    cout << "Topic: MergeSorting Algorithm" << endl << endl;

    cout << "Enter your array size: ";
    cin >> arraySize;
    int arr[arraySize];
    cout << "\nEnter " << arraySize << " numbers in random order: " << endl;

    for(int i = 0; i < arraySize; i++){
        cin >> arr[i];
    }
    cout << endl;

    mergeSort(arr, 0, (arraySize-1), arraySize);
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    display(arr, arraySize);

    return 0;
}

void display(int* arr, int n){
    cout << "The Sorted Array: " << endl;
    for(int i=0; i<n; i++){
        cout << arr[i] << " ";
    }
    cout << endl << endl << endl;
}

void merge(int* arr, int l, int m, int r, int n){
    int i = l;
    int j = m+1;
    int k = l;
    int temp[n];

    while(i<=m && j<=r){
        if(arr[i] <= arr[j]){
            temp[k] = arr[i];
            i++;
        }
        else {
            temp[k] = arr[j];
            j++;
        }
        k++;
    }
    if(i>m){
        while(j<=r){
            temp[k] = arr[j];
            j++;
            k++;
        }
    }
    else {
        while(i<=m){
            temp[k] = arr[i];
            i++;
            k++;
        }
    }
    for(k=l; k<=r; k++){
        arr[k] = temp[k];
    }
}

void mergeSort(int* arr, int l, int r, int n){
    if(l<r){
        int m = l + (r - l) / 2;
        mergeSort(arr, l, m, n);
        mergeSort(arr, m+1, r, n);
        merge(arr, l, m, r, n);
    }
}
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Quick Sort

In [ ]: #include <iostream>
using namespace std;

void display(int* arr, int n);

void quickSort(int* arr, int l, int r);

int main(){

    int arraySize;

    cout << "Welcome to Learning C++ Data Structure and Algorithm" << endl;
    cout << "Topic: QuickSorting Algorithm" << endl << endl;

    cout << "Enter your array size: ";
    cin >> arraySize;
    int arr[arraySize];
    cout << "\nEnter " << arraySize << " numbers in random order: " << endl;

    for(int i = 0; i < arraySize; i++){
        cin >> arr[i];
    }
    cout << endl;

    quickSort(arr, 0, (arraySize-1));

    display(arr, arraySize);
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Counting Sort

    return 0;
}

void display(int* arr, int n){
    cout << "The Sorted Array: " << endl;
    for(int i=0; i<n; i++){
        cout << arr[i] << " ";
    }
    cout << endl << endl << endl;
}

int partition(int* arr, int l, int r){
    int pivot = arr[r];
    int pIndex = l;
    for(int i=l; i<r; i++){
        if(arr[i]<=pivot){
            int temp = arr[i];
            arr[i] = arr[pIndex];
            arr[pIndex] = temp;
            pIndex++;
        }
    }
    int temp = arr[r];
    arr[r] = arr[pIndex];
    arr[pIndex] = temp;

    return pIndex;
}

void quickSort(int* arr, int l, int r){
    if(l<r){
        int pIndex = partition(arr, l, r);
        quickSort(arr, l, pIndex-1);
        quickSort(arr, pIndex+1, r);
    }
}



1/23/23, 12:05 AM Memo_Data_Structure

file:///C:/Users/User/Downloads/Memo_Data_Structure.html 151/160

In [ ]: #include <iostream>
#include <string>
using namespace std;

void display(int* arr, int n);

void countingSort(int* arr, int n);

int main(){

    cout << "Welcome to Learning C++ Data Structure and Algorithm" << endl;
    cout << "Topic: CountingSorting Algorithm" << endl << endl;

    int arraySize = 0;

    cout << "Enter your array size: ";
    cin >> arraySize;
    int arr[arraySize];
    cout << "\nEnter " << arraySize << " numbers in random order in range 0-9: " <<

    for(int i = 0; i < arraySize; i++){
        cin >> arr[i];
    }
    cout << endl;

    countingSort(arr, arraySize);

    display(arr, arraySize);

    return 0;
}

void display(int* arr, int n){
    cout << "The Sorted Array: " << endl;
    for(int i=0; i<n; i++){
        cout << arr[i] << " ";



1/23/23, 12:05 AM Memo_Data_Structure

file:///C:/Users/User/Downloads/Memo_Data_Structure.html 152/160

Radix Sort

    }
    cout << endl << endl << endl;
}

void countingSort(int* arr, int n){
    int countArray[10] = {0};
    int outputArray[n];

    // to take a count of all elements in the input array
    for(int i=0; i<n; i++){
        ++countArray[arr[i]];
    }

    // update countArray to get the position in the outputArray
    for(int i=1; i<10; i++){
        countArray[i] = countArray[i] + countArray[i-1];
    }

    // placing inputArray elements into outputAarray
    for(int i=n-1; i>=0; i--){
        outputArray[--countArray[arr[i]]] = arr[i];
    }

    for(int i=0; i<n; i++){
        arr[i] = outputArray[i];
    }
}
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In [ ]: #include <iostream>
#include <string>
using namespace std;

void display(int* arr, int n);

void radixSort(int* arr, int n);

int main(){

    cout << "Welcome to Learning C++ Data Structure and Algorithm" << endl;
    cout << "Topic: RadixSorting Algorithm" << endl << endl;

    int arraySize = 0;
    int countSize = 10;

    cout << "Enter your array size: ";
    cin >> arraySize;
    int arr[arraySize];
    cout << "\nEnter " << arraySize << " numbers in random order: " << endl;

    for(int i = 0; i < arraySize; i++){
        cin >> arr[i];
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    }
    cout << endl;

    radixSort(arr, arraySize);

    display(arr, arraySize);

    return 0;
}

void display(int* arr, int n){
    cout << "The Sorted Array: " << endl;
    for(int i=0; i<n; i++){
        cout << arr[i] << " ";
    }
    cout << endl << endl << endl;
}

void countSort(int* arr, int n, int pos){
    int countArray[10] = {0}; // initialize with "0"
    int outputArray[n];

    // to take a count of all elements in the input array
    for(int i=0; i<n; i++){
        ++countArray[(arr[i]/pos) % 10];
    }

    // update countArray to get the position in the outputArray
    for(int i=1; i<10; i++){
        countArray[i] = countArray[i] + countArray[i-1];
    }

    // placing inputArray elements into outputAarray
    for(int i=n-1; i>=0; i--){
        outputArray[--countArray[(arr[i]/pos) % 10]] = arr[i];
    }

    for(int i=0; i<n; i++){
        arr[i] = outputArray[i];
    }
}

int getMax(int* arr, int n){
    int maxNumber = arr[0];
    for(int i=1; i<n; i++){
        if(maxNumber<arr[i]){
            maxNumber = arr[i];
        }
    }
    return maxNumber;
}

void radixSort(int* arr, int n){
    int maxNumber = getMax(arr, n);

    for(int pos=1; maxNumber/pos>0; pos *= 10){
        countSort(arr, n, pos);
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Bucket Sort

Shell Sort

    }
}
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In [ ]: #include <iostream>
#include <string>
using namespace std;

void display(int* arr, int n);

void shellSort(int* arr, int n);

int main(){

    cout << "Welcome to Learning C++ Data Structure and Algorithm" << endl;
    cout << "Topic: shellSorting Algorithm" << endl << endl;

    int arraySize = 0;
    int countSize = 10;

    cout << "Enter your array size: ";
    cin >> arraySize;
    int arr[arraySize];
    cout << "\nEnter " << arraySize << " numbers in random order: " << endl;

    for(int i = 0; i < arraySize; i++){
        cin >> arr[i];
    }
    cout << endl;

    shellSort(arr, arraySize);

    display(arr, arraySize);

    return 0;
}

void display(int* arr, int n){
    cout << "The Sorted Array: " << endl;
    for(int i=0; i<n; i++){
        cout << arr[i] << " ";
    }
    cout << endl << endl << endl;
}
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void countSort(int* arr, int n, int pos){
    int countArray[10] = {0}; // initialize with "0"
    int outputArray[n];

    // to take a count of all elements in the input array
    for(int i=0; i<n; i++){
        ++countArray[(arr[i]/pos) % 10];
    }

    // update countArray to get the position in the outputArray
    for(int i=1; i<10; i++){
        countArray[i] = countArray[i] + countArray[i-1];
    }

    // placing inputArray elements into outputAarray
    for(int i=n-1; i>=0; i--){
        outputArray[--countArray[(arr[i]/pos) % 10]] = arr[i];
    }

    for(int i=0; i<n; i++){
        arr[i] = outputArray[i];
    }
}

void shellSort(int* arr, int n){
    for(int gap=n/2; gap>0; gap/=2){
        for(int j=gap; j<n; j++){
            for(int i=j-gap; i>=0; i-=gap){
                if(arr[i+gap] > arr[i]){
                    break;
                }
                else{
                    int temp = arr[i];
                    arr[i] = arr[i+gap];
                    arr[i+gap] = temp;
                }
            }
        }
    }
}
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Heap Sort

Hashing
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Static Hash
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-- Memo End --


