

	Solutions to Exercises











1.�seq solution�1��#include <iostream.h>��

int main (void)

{

	double fahrenheit;

	double celsius;



	cout << "Temperature in Fahrenhait: ";

	cin  >> fahrenheit;



	celsius = 5 * (fahrenheit - 32) / 9;



	cout << fahrenheit << " degrees Fahrenheit = "

		 << celsius << " degrees Celsius\n";

	return 0;

}



1.�seq solution�2��int n = -100;	// valid��unsigned int i = -100;				// valid			

signed int = 2.9;					// invalid: no variable name

long m = 2, p = 4;					// valid

int	2k;								// invalid: 2k not an identifier

double x = 2 * m;					// valid

float y = y * 2;						// valid (but dangerous!)

unsigned double z = 0.0;				// invalid: can't be unsigned

double d = 0.67F;					// valid

float f = 0.52L;						// valid

signed char = -1786;					// invalid: no variable name

char c = '$' + 2;					// valid

sign char h = '\111';				// invalid: 'sign' not recognized

char *name = "Peter Pan";			// valid

unsigned char *num = "276811";		// valid



1.�seq solution�3��identifier	// valid��seven_11								// valid

_unique_								// valid

gross-income							// invalid: - not allowed in id

gross$income							// invalid: $ not allowed in id

2by2								// invalid: can't start with digit

default								// invalid: default is a keyword

average_weight_of_a_large_pizza		// valid

variable								// valid

object.oriented						// invalid: . not allowed in id



1.�seq solution�4��int     age;	// age of a person��double	employeeIncome;				// employee income

long	wordsInDictn;				// number of words in dictionary

char	letter;						// letter of alphabet

char	*greeting;					// greeting message



2.�seq solution \r 1�1��// test if n is even:	��	n%2 == 0

// test if c is a digit:

	c >= '0' && c <= '9'					

// test if c is a letter:

	c >= 'a' && c <= 'z' || c >= 'A' && c <= 'Z'

// test if n is odd and positive or n is even and negative:

	n%2 != 0 && n >= 0 || n%2 == 0 && n < 0

// set the n-th bit of a long integer f to 1:

	f |= (1L << n)

// reset the n-th bit of a long integer f to 0:

	f &= ~(1L << n)

// give the absolute value of a number n:

	(n >= 0 ? n : -n)

// give the number of characters in a null-terminated string literal s:

	sizeof(s) - 1



2.�seq solution�2��(((n <= (p + q)) && (n >= (p - q))) || (n == 0))��(((++n) * (q--)) / ((++p) - q))

(n | ((p & q) ^ (p << (2 + q))))

((p < q) ? ((n < p) ? ((q * n) - 2) : ((q / n) + 1)) : (q - n))



2.�seq solution�3��double  d = 2 * int(3.14);	// initializes d to 6��long	k = 3.14 - 3;				// initializes k to 0

char	c = 'a' + 2;				// initializes c to 'c'

char	c = 'p' + 'A' - 'a';			// initializes c to 'P'



2.�seq solution�4��#include <iostream.h>��

int main (void)

{

	long n;



	cout << "What is the value of n? ";

	cin  >> n;

	cout << "2 to the power of " << n << " = " << (1L << n) << '\n';

	return 0;

}



2.�seq solution�5��#include <iostream.h>��

int main (void)

{

	double n1, n2, n3;



	cout << "Input three numbers: ";

	cin  >> n1 >> n2 >> n3;

	cout << (n1 <= n2 && n2 <= n3 ? "Sorted" : "Not sorted") << '\n';

	return 0;

}



3.�seq solution \r 1�1��#include <iostream.h>��

int main (void)

{

	double height, weight;



	cout << "Person's height (in centimeters): ";

	cin >> height;

	cout << "Person's weight (in kilograms: ";

	cin >> weight;



	if (weight < height/2.5)

		cout << "Underweight\n";

	else if (height/2.5 <= weight && weight <= height/2.3)

		cout << "Normal\n";

	else

		cout << "Overweight\n";

	return 0;

}



3.�seq solution�2��It will output the message n is negative.��This is because the else clause is associated with the if clause immediately preceding it. The indentation in the code fragment



if (n >= 0)

	if (n < 10)

		cout << "n is small\n";

else

	cout << "n is negative\n";



is therefore misleading, because it is understood by the compiler as:



if (n >= 0)

	if (n < 10)

		cout << "n is small\n";

	else

		cout << "n is negative\n";



The problem is fixed by placing the second if within a compound statement:



if (n >= 0) {

	if (n < 10)

		cout << "n is small\n";

} else

	cout << "n is negative\n";



3.�seq solution�3��#include <iostream.h>��

int main (void)

{

	int day, month, year;

	char ch;



	cout << "Input a date as dd/mm/yy: ";

	cin >> day >> ch >> month >> ch >> year;



	switch (month) {

		case 1:		cout << "January";	break;

		case 2:		cout << "February";	break;

		case 3:		cout << "March";		break;

		case 4:		cout << "April";		break;

		case 5:		cout << "May";		break;

		case 6:		cout << "June";		break;

		case 7:		cout << "July";		break;

		case 8:		cout << "August";	break;

		case 9:		cout << "September";	break;

		case 10:	cout << "October";	break;

		case 11:	cout << "November";	break;

		case 12:	cout << "December";	break;

	}

	cout << ' ' << day << ", " << 1900 + year << '\n';

	return 0;

}



3.�seq solution�4��#include <iostream.h>��

int main (void)

{

	int n;

	int factorial = 1;



	cout << "Input a positive integer: ";

	cin >> n;



	if (n >= 0) {

		for (register int i = 1; i <= n; ++i)

			factorial *= i;

        cout << "Factorial of " << n << " = " << factorial << '\n';

    }

	return 0;

}



3.�seq solution�5��#include <iostream.h>��

int main (void)

{

	int octal, digit;

	int decimal = 0;

    int	power = 1;



	cout << "Input an octal number: ";

	cin >> octal;



	for (int n = octal; n > 0; n /= 10) {	// process each digit

		digit = n % 10;						// right-most digit

		decimal = decimal + power * digit;

		power *= 8;

    }

	cout << "Octal(" << octal << ") = Decimal(" << decimal << ")\n";

	return 0;

}



3.�seq solution�6��#include <iostream.h>��

int main (void)

{

	for (register i = 1; i <= 9; ++i)

		for (register j = 1; j <= 9; ++j)

			cout << i << " x " << j << " = " << i*j << '\n';



	return 0;

}



4.�seq solution \r 1�1�a�#include <iostream.h>��

double FahrenToCelsius (double fahren)

{

	return 5 * (fahren - 32) / 9;

}



int main (void)

{

	double fahrenheit;



	cout << "Temperature in Fahrenhait: ";

	cin  >> fahrenheit;



	cout << fahrenheit << " degrees Fahrenheit = "

		 << FahrenToCelsius(fahrenheit) << " degrees Celsius\n";

	return 0;

}



4.�seq solution \r 1�1�b�#include <iostream.h>��

char* CheckWeight (double height, double weight)

{

	if (weight < height/2.5)

		return "Underweight";

	if (height/2.5 <= weight && weight <= height/2.3)

		return "Normal";

	return "Overweight";

}



int main (void)

{

	double height, weight;



	cout << "Person's height (in centimeters): ";

	cin >> height;

	cout << "Person's weight (in kilograms: ";

	cin >> weight;

	cout << CheckWeight(height, weight) << '\n';



	return 0;

}



4.�seq solution�2��The value of x and y will be unchanged because Swap uses value parameters. Consequently, it swaps a copy of x and y and not the originals.��

4.�seq solution�3��The program will output:��

Parameter

Local

Global

Parameter



4.�seq solution�4��enum Bool {false, true};��

void Primes (unsigned int n)

{

	Bool isPrime;



	for (register num = 2; num <= n; ++num) {

    	isPrime = true;

		for (register i = 2; i < num/2; ++i)

			if (num%i == 0) {

            	isPrime = false;

				break;

			}

		if (isPrime)

        	cout << num << '\n';



    }

}



4.�seq solution�5��enum Month {��	Jan, Feb, Mar, Apr, May, Jun,

	Jul, Aug, Sep, Oct, Nov, Dec

};



char* MonthStr (Month month)

{

	switch (month) {

		case Jan:	return "January";

		case Feb:	return "february";

		case Mar:	return "March";

		case Apr:	return "April";

		case May:	return "May";

		case Jun:	return "June";

		case Jul:	return "July";

		case Aug:	return "August";

		case Sep:	return "September";

		case Oct:	return "October";

		case Nov:	return "November";

		case Dec:	return "December";

		default:	return "";

	}



}



4.�seq solution�6��inline int IsAlpha (char ch)��{

	return ch >= 'a' && ch <= 'z' || ch >= 'A' && ch <= 'Z';

}



4.�seq solution�7��int Power (int base, unsigned int exponent)��{

	return (exponent <= 0)

    	? 1

		: base * Power(base, exponent - 1);

}



4.�seq solution�8��double Sum (int n, double val ...)��{

	va_list args;				// argument list

	double	sum = 0;



	va_start(args, val);			// initialize args



	while (n-- > 0) {

		sum += val;

		val = va_arg(args, double);

    }

	va_end(args);				// clean up args

	return sum;



}



5.�seq solution \r 1�1��void ReadArray (double nums[], const int size)��{

	for (register i = 0; i < size; ++i) {

		cout << "nums[" << i << "] = ";

		cin >> nums[i];

	}

}



void WriteArray (double nums[], const int size)

{

	for (register i = 0; i < size; ++i)

		cout << nums[i] << '\n';

}



5.�seq solution�2��void Reverse (double nums[], const int size)��{

	double temp;



	for (register i = 0; i < size/2; ++i) {

		temp = nums[i];

		nums[i] = nums[size - i - 1];

		nums[size - i - 1] = temp;

	}

}



5.�seq solution�3��double contents[][4] = {��	{ 12, 25, 16, 0.4 },

	{ 22,  4,  8, 0.3 },

	{ 28,  5,  9, 0.5 },

	{ 32,  7,  2, 0.2 }

};



void WriteContents (const double *contents, 

					const int rows, const int cols)

{

	for (register i = 0; i < rows; ++i) {

		for (register j = 0; j < cols; ++j)

			cout << *(contents + i * rows + j) << ' ';

		cout << '\n';

	}

}



5.�seq solution�4��enum Bool {false, true};��

void ReadNames (char *names[], const int size)

{

	char name[128];



	for (register i = 0; i < size; ++i) {

		cout << "names[" << i << "] = ";

		cin >> name;

		names[i] = new char[strlen(name) + 1];

		strcpy(names[i], name);

	}

}



void WriteNames (char *names[], const int size)

{

	for (register i = 0; i < size; ++i)

		cout << names[i] << '\n';

}



void BubbleSort (char *names[], const int size)

{

	Bool swapped;

	char *temp;



	do {

		swapped = false;

		for (register i = 0; i < size - 1; ++i) {

			if (strcmp(names[i], names[i+1]) > 0 ) {

				temp = names[i];

				names[i] = names[i+1];

				names[i+1] = temp;

				swapped = true;

			}

		}

	} while (swapped); 

}



5.�seq solution�5��char* ReverseString (char *str)��{

	int len = strlen(str);

	char *result = new char[len + 1];

    char *res = result + len;



    *res-- = '\0';

	while (*str)

		*res-- = *str++;

	return result;

}



5.�seq solution�6��typedef int (*Compare)(const char*, const char*);��

void BubbleSort (char *names[], const int size, Compare comp)

{

	Bool swapped;

	char *temp;



	do {

		swapped = false;

		for (register i = 0; i < size - 1; ++i) {

			if (comp(names[i], names[i+1]) > 0 ) {

				temp = names[i];

				names[i] = names[i+1];

				names[i+1] = temp;

				swapped = true;

			}

		}

	} while (swapped); 

}



5.�seq solution�7��typedef void (*SwapFun)(double, double);

	SwapFun Swap;��typedef char *Table[];

	Table table;

typedef char *&Name;

	Name name;

typedef unsigned long *Values[10][20];

	Values values;



6.�seq solution \r 1�1��Declaring Set parameters as references avoids their being copied in a call. Call-by-reference is generally more efficient than call-by-value when the objects involved are larger than the built-in type objects.��

6.�seq solution�2��class Complex {��public:

			Complex	(double r = 0, double i = 0)

					{real = r; imag = i;}

	Complex	Add		(Complex &c);

	Complex	Subtract(Complex &c);

	Complex Multiply(Complex &c);

    void	Print		(void);

private:

	double	real;	// real part

    double	imag;	// imaginary part

};



Complex Complex::Add (Complex &c)

{

	return Complex(real + c.real, imag + c.imag);

}



Complex Complex::Subtract (Complex &c)

{

	return Complex(real - c.real, imag - c.imag);

}



Complex Complex::Multiply (Complex &c)

{

	return Complex(	real * c.real - imag * c.imag,

					imag * c.real + real * c.imag);

}



void Complex::Print (void)

{

	cout << real << " + i" << imag << '\n';

}



6.�seq solution�3��#include <iostream.h>��#include <string.h>



const int end = -1;		// denotes the end of the list



class Menu {

public:

			Menu	(void)		{first = 0;}

			~Menu	(void);

	void	Insert	(const char *str, const int pos = end);

	void	Delete	(const int pos = end);

	int		Choose	(void);



private:



	class Option {

	public:

					Option	(const char*);

					~Option	(void)	{delete name;}

		const char*	Name	(void)	{return name;}

        Option*&		Next	(void)	{return next;}

	private:

		char	*name;	// option name

        Option	*next;	// next option

	};



	Option	*first;		// first option in the menu

};



Menu::Option::Option (const char* str)

{

	name = new char [strlen(str) + 1];

	strcpy(name, str);

	next = 0;

}



Menu::~Menu (void)

{

	Menu::Option *handy, *next;



	for (handy = first; handy != 0; handy = next) {

		next = handy->Next();

		delete handy;

	}

}



void Menu::Insert (const char *str, const int pos)

{

	Menu::Option *option = new Menu::Option(str);

	Menu::Option *handy, *prev = 0;

    int	idx = 0;



	// set prev to point to before the insertion position:

	for (handy = first; handy != 0 && idx++ != pos; handy = handy->Next())

		prev = handy;



    if (prev == 0) {			// empty list

	   option->Next() = first;	// first entry

	   first = option;

	} else { 					// insert

    	option->Next() = handy;

		prev->Next() = option;

	}

}



void Menu::Delete (const int pos)

{

	Menu::Option *handy, *prev = 0;

    int	idx = 0;



	// set prev to point to before the deletion position:

	for (handy = first;

		handy != 0 && handy->Next() != 0 && idx++ != pos;

		handy = handy->Next())

		prev = handy;



	if (handy != 0) {

		if (prev == 0)				// it's the first entry

			first = handy->Next();

		else						// it's not the first

			prev->Next() = handy->Next();

		delete handy;

	}

}



int Menu::Choose (void)

{

	int n, choice;

	Menu::Option *handy = first;



	do {

    	n = 0;

		for (handy = first; handy != 0; handy = handy->Next())

			cout << ++n << ". " << handy->Name() << '\n';

		cout << "Option? ";

		cin >> choice;

	} while (choice <= 0 || choice > n);



	return choice;

}



6.�seq solution�4��#include <iostream.h>��

const int 	maxCard = 10;

enum  Bool	{false, true};





class Set {

public:

			Set			(void)		{ first = 0; }

            ~Set			(void);

	int		Card		(void);

	Bool    Member		(const int)	const;

	void	AddElem		(const int);

	void    RmvElem		(const int);

	void    Copy			(Set&);

	Bool    Equal		(Set&);

	void    Intersect	(Set&, Set&);

	void	Union		(Set&, Set&);

	void    Print		(void);



private:



	class Element {

	public:

					Element	(const int val)	{value = val; next = 0;}

		int			Value	(void)			{return value;}

		Element*&	Next	(void)			{return next;}

	private:

		int			value;	// element value

		Element		*next;	// next element

	};



	Element	*first;			// first element in the list

};



Set::~Set (void)

{

	Set::Element *handy, *next;



	for (handy = first; handy != 0; handy = next) {

		next = handy->Next();

		delete handy;

	}

}



int Set::Card (void)

{

	Set::Element *handy;

    int	card = 0;



	for (handy = first; handy != 0; handy = handy->Next())

		++card;

	return card;

}



Bool Set::Member (const int elem) const

{

	Set::Element *handy;



	for (handy = first; handy != 0; handy = handy->Next())

		if (handy->Value() == elem)

			return true;

	return false;

}



void Set::AddElem (const int elem)

{

	if (!Member(elem)) {

		Set::Element *option = new Set::Element(elem);

		option->Next() = first;		// prepend

		first = option;

    }

}



void Set::RmvElem (const int elem)

{

	Set::Element *handy, *prev = 0;

    int	idx = 0;



	// set prev to point to before the deletion position:

	for (handy = first;

		handy != 0 && handy->Next() != 0 && handy->Value() != elem;

		handy = handy->Next())

		prev = handy;



	if (handy != 0) {

		if (prev == 0)				// it's the first entry

			first = handy->Next();

		else						// it's not the first

			prev->Next() = handy->Next();

		delete handy;

	}

}



void Set::Copy (Set &set)

{

	Set::Element *handy;



	for (handy = first; handy != 0; handy = handy->Next())

		set.AddElem(handy->Value());

}



Bool Set::Equal (Set &set)

{

	Set::Element *handy;



	if (Card() != set.Card())

		return false;

	for (handy = first; handy != 0; handy = handy->Next())

		if (!set.Member(handy->Value()))

			return false;

	return true;

}



void Set::Intersect (Set &set, Set &res)

{

	Set::Element *handy;



	for (handy = first; handy != 0; handy = handy->Next())

		if (set.Member(handy->Value()))

			res.AddElem(handy->Value());

}



void Set::Union (Set &set, Set &res)

{

	Copy(res);

	set.Copy(res);

}



void Set::Print (void)

{

	Set::Element *handy;



	cout << '{';

	for (handy = first; handy != 0; handy = handy->Next()) {

    	cout << handy->Value();

        if (handy->Next() != 0)

        	cout << ',';

    }

	cout << "}\n";

}



6.�seq solution�5��#include <iostream.h>��#include <string.h>



enum Bool {false, true};

typedef char *String;



class BinNode;

class BinTree;



class Sequence {

public:

				Sequence	(const int size);

                ~Sequence	(void)		{delete entries;}

	void		Insert		(const char*);

	void		Delete		(const char*);

	Bool		Find		(const char*);

	void		Print		(void);

    int			Size		(void)	{return used;}

friend	BinNode* BinTree::MakeTree (Sequence &seq, int low, int high);



protected:

	char		**entries;		// sorted array of string entries

    const int	slots;			// number of sequence slots

	int			used;			// number of slots used so far			

};



void

Sequence::Insert (const char *str)

{

	if (used >= slots)

    	return;

    for (register i = 0; i < used; ++i) {

    	if (strcmp(str,entries[i]) < 0)

        	break;

    }

    for (register j = used; j > i; --j)

    	entries[j] = entries[j-1];

    entries[i] = new char[strlen(str) + 1];

    strcpy(entries[i], str);

    ++used;

}



void

Sequence::Delete (const char *str)

{

    for (register i = 0; i < used; ++i) {

    	if (strcmp(str,entries[i]) == 0) {

        	delete entries[i];

    		for (register j = i; j < used-1; ++j)

    			entries[j] = entries[j+1];

            --used;

        	break;

        }

    }

}



Bool

Sequence::Find (const char *str)

{

    for (register i = 0; i < used; ++i)

    	if (strcmp(str,entries[i]) == 0)

        	return true;

    return false;

}



void

Sequence::Print (void)

{

	cout << '[';

    for (register i = 0; i < used; ++i) {

    	cout << entries[i];

        if (i < used-1)

        	cout << ',';

    }

    cout << "]\n";

}



6.�seq solution�6��#include <iostream.h>��#include <string.h>



enum Bool {false,true};



class BinNode {

public:

				BinNode		(const char*);

        		~BinNode	(void)	{delete value;}

	char*&		Value		(void)	{return value;}

    BinNode*&	Left		(void)	{return left;}

    BinNode*&	Right		(void)	{return right;}



    void	 	FreeSubtree	(BinNode *subtree);

	void	 	InsertNode	(BinNode *node, BinNode *&subtree);

	void	 	DeleteNode	(const char*, BinNode *&subtree);

const BinNode* 	FindNode	(const char*, const BinNode *subtree);

	void	 	PrintNode	(const BinNode *node);



private:

	char	*value;		// node value

	BinNode	*left;		// pointer to left child

	BinNode	*right;		// pointer to right child

};



class BinTree {

public:

	     	BinTree	(void)				{root = 0;}

            BinTree	(Sequence &seq);

	    	~BinTree(void)				{root->FreeSubtree(root);}

	void	Insert	(const char *str);

	void 	Delete	(const char *str)	{root->DeleteNode(str, root);}

	Bool	Find	(const char *str)	{return root->FindNode(str, root) != 0;}

	void	Print	(void) 		{root->PrintNode(root);  cout << '\n';}



protected:

	BinNode* root;			// root node of the tree

};



BinNode::BinNode (const char *str)

{

	value = new char[strlen(str) + 1];

    strcpy(value, str);

    left = right = 0;

}



void

BinNode::FreeSubtree (BinNode *node)

{

	if (node != 0) {

		FreeSubtree(node->left);

		FreeSubtree(node->right);

		delete node;

	}

}



void

BinNode::InsertNode (BinNode *node, BinNode *&subtree)

{

	if (subtree == 0)

    	subtree = node;

	else if (strcmp(node->value, subtree->value) <= 0)

		InsertNode(node, subtree->left);

	else

		InsertNode(node, subtree->right);

}



void

BinNode::DeleteNode (const char *str, BinNode *&subtree)

{

	int cmp;



	if (subtree == 0)

		return;

	if ((cmp = strcmp(str, subtree->value)) < 0)

		DeleteNode(str, subtree->left);

	else if (cmp > 0)

		DeleteNode(str, subtree->right);

	else {

		BinNode* handy = subtree;

		if (subtree->left == 0) 		// no left subtree

			subtree = subtree->right;

		else if (subtree->right == 0)	// no right subtree

			subtree = subtree->left;

		else { 							// left and right subtree

        	subtree = subtree->right;

            // insert left subtree into right subtree:

			InsertNode(subtree->left, subtree->right);

        }

		delete handy;

	}

}



const BinNode*

BinNode::FindNode (const char *str, const BinNode *subtree)

{

	int cmp;



	return (subtree == 0)

			? 0

            : ((cmp = strcmp(str, subtree->value)) < 0

            	? FindNode(str, subtree->left)

                : (cmp > 0

					? FindNode(str, subtree->right)

					: subtree));

}



void

BinNode::PrintNode (const BinNode *node)

{

	if (node != 0) {

		PrintNode(node->left);

		cout << node->value << ' ';

		PrintNode(node->right);

	}

}



BinTree::BinTree (Sequence &seq)

{

	root = MakeTree(seq, 0, seq.Size() - 1);

}



void

BinTree::Insert (const char *str)

{

	root->InsertNode(new BinNode(str), root);

}



6.�seq solution�7��class Sequence {��	//...

friend	BinNode* BinTree::MakeTree (Sequence &seq, int low, int high);

};



class BinTree {

public:

	//...

            BinTree	(Sequence &seq);

	//...

	BinNode*	MakeTree (Sequence &seq, int low, int high);

};



BinTree::BinTree (Sequence &seq)

{

	root = MakeTree(seq, 0, seq.Size() - 1);

}



BinNode*

BinTree::MakeTree (Sequence &seq, int low, int high)

{

	int mid = (low + high) / 2;

	BinNode* node = new BinNode(seq.entries[mid]);



	node->Left() = (mid == low ? 0 : MakeTree(seq, low, mid-1));

	node->Right() = (mid == high ? 0 : MakeTree(seq, mid+1, high));

	return node;

}



6.�seq solution�8��A static data member is used to keep track of the last allocated ID (see lastId below).��

class Menu {

public:

	//...

    int		ID		(void)		{return id;}

private:

	//...

    int		id;					// menu ID

    static int	lastId;			// last allocated ID

};



int Menu::lastId = 0;



6.�seq solution�9��#include <iostream.h>��#include <string.h>



const int end = -1;		// denotes the end of the list

class Option;



class Menu {

public:

			Menu	(void)		{first = 0; id = lastId++;}

			~Menu	(void);

	void	Insert	(const char *str, const Menu *submenu, const int pos = end);

	void	Delete	(const int pos = end);

    int		Print	(void);

	int		Choose	(void)	const;

    int		ID		(void)		{return id;}



private:



	class Option {

	public:

					Option	(const char*, const Menu* = 0);

					~Option	(void);

		const char*	Name	(void)	{return name;}

        const Menu*	Submenu	(void)	{return submenu;}

        Option*&	Next	(void)	{return next;}

        void		Print	(void);

        int			Choose	(void)	const;

	private:

		char		*name;		// option name

		const Menu	*submenu;	// submenu

        Option		*next;		// next option

	};



	Option	*first;				// first option in the menu

    int		id;					// menu ID



    static int	lastId;			// last allocated ID

};



Menu::Option::Option (const char *str, const Menu *menu) : submenu(menu)

{

	name = new char [strlen(str) + 1];

	strcpy(name, str);

	next = 0;

}



Menu::Option::~Option (void)

{

	delete name;

	delete submenu;

}



void Menu::Option::Print (void)

{

    cout << name;

    if (submenu != 0)

    	cout << " ->";

    cout << '\n';

}



int Menu::Option::Choose (void) const

{

    if (submenu == 0)

    	return 0;

    else

	   	return submenu->Choose();

}



int Menu::lastId = 0;



Menu::~Menu (void)

{

	Menu::Option *handy, *next;



	for (handy = first; handy != 0; handy = next) {

		next = handy->Next();

		delete handy;

	}

}



void Menu::Insert (const char *str, const Menu *submenu, const int pos)

{

	Menu::Option *option = new Option(str, submenu);

	Menu::Option *handy, *prev = 0;

    int	idx = 0;



	// set prev to point to before the insertion position:

	for (handy = first; handy != 0 && idx++ != pos; handy = handy->Next())

		prev = handy;



    if (prev == 0) {			// empty list

	   option->Next() = first;	// first entry

	   first = option;

	} else { 					// insert

    	option->Next() = handy;

		prev->Next() = option;

	}

}



void Menu::Delete (const int pos)

{

	Menu::Option *handy, *prev = 0;

    int	idx = 0;



	// set prev to point to before the deletion position:

	for (handy = first;

		handy != 0 && handy->Next() != 0 && idx++ != pos;

		handy = handy->Next())

		prev = handy;



	if (handy != 0) {

		if (prev == 0)				// it's the first entry

			first = handy->Next();

		else						// it's not the first

			prev->Next() = handy->Next();

		delete handy;

	}

}



int Menu::Print (void)

{

    int n = 0;

	Menu::Option *handy = first;



	for (handy = first; handy != 0; handy = handy->Next()) {

		cout << ++n << ". ";

		handy->Print();

    }

    return n;

}



int Menu::Choose (void) const

{

	int choice, n;



	do {

    	n = Print();

		cout << "Option? ";

		cin >> choice;

	} while (choice <= 0 || choice > n);



	Menu::Option *handy = first;

    n = 1;



    // move to the chosen option:

	for (handy = first; n != choice && handy != 0; handy = handy->Next())

		++n;

	// choose the option:

    n = handy->Choose();



	return (n == 0 ? choice : n);



}



7.�seq solution \r 1�1��#include <string.h>��

const int Max (const int x, const int y)

{

	return x >= y ? x : y;

}



const double Max (const double x, const double y)

{

	return x >= y ? x : y;

}



const char*	Max (const char *x, const char *y)

{

	return strcmp(x,y) >= 0 ? x : y;

}



7.�seq solution�2��class Set {��	//...

    friend Set	operator -	(Set&, Set&);		// difference

    friend Bool	operator <=	(Set&, Set&);		// subset

	//...

};



Set operator - (Set &set1, Set &set2)

{

	Set res;



	for (register i = 0; i < set1.card; ++i)

		if (!(set1.elems[i] & set2))

			res.elems[res.card++] = set1.elems[i];

    return res;

}



Bool operator <= (Set &set1, Set &set2)

{

	if (set1.card > set2.card)

		return false;

	for (register i = 0; i < set1.card; ++i)

		if (!(set1.elems[i] & set2))

			return false;

	return true;

}



7.�seq solution�3��class Binary {��//...

friend 	Binary	operator -	 (const Binary, const Binary);

		int		operator []	 (const int n)

				{return bits[15-n] == '1' ? 1 : 0;}

//...

};



Binary operator - (const Binary n1, const Binary n2)

{

	unsigned borrow = 0;

	unsigned value;

	Binary res = "0";



	for (register i = 15; i >= 0; --i) {

	    value = (n1.bits[i] == '0' ? 0 : 1) -

	            (n2.bits[i] == '0' ? 0 : 1) + borrow;

	    res.bits[i] = (value == -1 || value == 1 ? '1': '0');

	    borrow = (value == -1 || borrow != 0 && value == 1 ? 1 : 0);

	}

	return res;

}



7.�seq solution�4��#include <iostream.h>��

class Matrix {

public:

				Matrix		(const int rows, const int cols);

                Matrix		(const Matrix&);

				~Matrix		(void);

		double&	operator ()	(const int row, const int col);

		Matrix&	operator =	(const Matrix&);



friend ostream&	operator << (ostream&, Matrix&);

friend  Matrix	operator + 	(Matrix&, Matrix&);

friend  Matrix	operator -	(Matrix&, Matrix&);

friend  Matrix	operator *	(Matrix&, Matrix&);

		int   	Rows 		(void)	{return rows;}

		int   	Cols 		(void)	{return cols;}

protected:

		class Element {			// nonzero element

        public:

        				Element	(const int row, const int col, double);

        	const int	Row		(void)	{return row;}

			const int	Col		(void)	{return col;}

			double&		Value	(void)	{return value;}

			Element*& 	Next	(void)	{return next;}

            Element* 	CopyList(Element *list);

            void		DeleteList	(Element *list);

        private:

			const int	row, col;	// row and column of element

			double		value;		// element value

			Element		*next;		// pointer to next element

		};



		double&	InsertElem	(Element *elem, const int row, const int col);



		int  	rows, cols;	// matrix dimensions

		Element	*elems;		// linked-list of elements

};



Matrix::Element::Element (const int r, const int c, double val)

		   : row(r), col(c)

{

	value = val;

    next = 0;

}



Matrix::Element* Matrix::Element::CopyList (Element *list)

{

	Element *prev = 0;

    Element *first = 0;

    Element *copy;



	for (; list != 0; list = list->Next()) {

    	copy = new Element(list->Row(), list->Col(), list->Value());

        if (prev == 0)

        	first = copy;

        else

        	prev->Next() = copy;

        prev = copy;

    }

    return first;

}



void Matrix::Element::DeleteList (Element *list)

{

	Element *next;



	for (; list != 0; list = next) {

		next = list->Next();

		delete list;

	}

}



// InsertElem creates a new element and inserts it before

// or after the element denoted by elem.



double& Matrix::InsertElem (Element *elem, const int row, const int col)

{	

	Element* newElem = new Element(row, col, 0.0);



	if (elem == elems && (elems == 0 || row < elems->Row() ||

						 row == elems->Row() && col < elems->Col())) {

		// insert in front of the list:

		newElem->Next() = elems;

		elems = newElem;

	} else {

    	// insert after elem:

		newElem->Next() = elem->Next();

		elem->Next() = newElem;

	}

	return newElem->Value();

}



Matrix::Matrix (const int rows, const int cols)

{

	Matrix::rows = rows;

	Matrix::cols = cols;

	elems = 0;

}



Matrix::Matrix (const Matrix &m)

{

	rows = m.rows;

    cols = m.cols;

	elems = m.elems->CopyList(m.elems);

}



Matrix::~Matrix (void)

{

	elems->DeleteList(elems);

}



Matrix& Matrix::operator = (const Matrix &m)

{

	elems->DeleteList(elems);

    rows = m.rows;

    cols = m.cols;

	elems = m.elems->CopyList(m.elems);

	return *this;

}



double& Matrix::operator () (const int row, const int col)

{

	if (elems == 0 || row < elems->Row() ||

		row == elems->Row() && col < elems->Col())

        // create an element and insert in front:

		return InsertElem(elems, row, col);



	// check if it's the first element in the list:

    if (row == elems->Row() && col == elems->Col())

    	return elems->Value();



	// search the rest of the list:

	for (Element *elem = elems; elem->Next() != 0; elem = elem->Next())

		if (row == elem->Next()->Row()) {

			if (col == elem->Next()->Col())

				return elem->Next()->Value();	// found it!

			else if (col < elem->Next()->Col())

				break;							// doesn't exist

		} else if (row < elem->Next()->Row())

			break;								// doesn't exist

    // create new element and insert just after elem:

	return InsertElem(elem, row, col);

}



ostream& operator << (ostream &os, Matrix &m)

{

	Matrix::Element *elem = m.elems;



	for (register row = 1; row <= m.rows; ++row) {

		for (register col = 1; col <= m.cols; ++col)

			if (elem != 0 && elem->Row() == row && elem->Col() == col) {

				os << elem->Value() << '\t';

				elem = elem->Next();

			} else

				os << 0.0 << '\t';

		os << '\n';

	}

    return os;

}



Matrix operator + (Matrix &p, Matrix &q)

{

	Matrix m(p.rows, q.cols);



    // copy p:

	for (Matrix::Element *pe = p.elems; pe != 0; pe = pe->Next())

	    m(pe->Row(), pe->Col()) = pe->Value();

    // add q:

	for (Matrix::Element *qe = q.elems; qe != 0; qe = qe->Next())

	    m(qe->Row(), qe->Col()) += qe->Value();

	return m;

}



Matrix operator - (Matrix &p, Matrix &q)

{

	Matrix m(p.rows, q.cols);



    // copy p:

	for (Element *pe = p.elems; pe != 0; pe = pe->Next())

	    m(pe->Row(), pe->Col()) = pe->Value();

    // subtract q:

	for (Element *qe = q.elems; qe != 0; qe = qe->Next())

	    m(qe->Row(), qe->Col()) -= qe->Value();

	return m;

}



Matrix operator * (Matrix &p, Matrix &q)

{

	Matrix m(p.rows, q.cols);



	for (Element *pe = p.elems; pe != 0; pe = pe->Next())

	    for (Element *qe = q.elems; qe != 0; qe = qe->Next())

		   if (pe->Col() == qe->Row())

		      m(pe->Row(),qe->Col()) += pe->Value() * qe->Value();

	return m;

}



7.�seq solution�5��#include <string.h>��#include <iostream.h>



class String {

public:

					String		(const char*);

					String		(const String&);

					String		(const short);

					~String		(void);

		String&		operator =	(const char*);

		String&		operator =	(const String&);

		char&		operator []	(const short);

		int			Length		(void)		{return(len);}

friend	String	 	operator +	(const String&, const String&);

friend	ostream& 	operator <<	(ostream&, String&);



protected:

	char		*chars;     // string characters

	short		len;		// length of chars

};



String::String (const char *str)

{

	len = strlen(str);

	chars = new char[len + 1];

	strcpy(chars, str);

}



String::String (const String &str)

{

	len = str.len;

	chars = new char[len + 1];

	strcpy(chars, str.chars);

}



String::String (const short size)

{

	len = size;

	chars = new char[len + 1];

	chars[0] = '\0';

}



String::~String (void)

{

	delete chars;

}



String& String::operator = (const char *str)

{

	short	strLen = strlen(str);

	if (len != strLen) {

		delete chars;

        len = strLen;

		chars = new char[strLen + 1];

	}

	strcpy(chars, str);

	return(*this);

}



String& String::operator = (const String &str)

{

	if (this != &str) {

		if (len != str.len) {

			delete chars;

            len = str.len;

			chars = new char[str.len + 1];

		}

		strcpy(chars, str.chars);

	}

    return(*this);	

}



char& String::operator [] (const short index)

{

	static char	dummy = '\0';

	return(index >= 0 && index < len ? chars[index] : dummy);

}



String operator + (const String &str1, const String &str2)

{

	String result(str1.len + str2.len);



	strcpy(result.chars, str1.chars);

	strcpy(result.chars + str1.len, str2.chars);

	return(result);

}



ostream& operator <<	(ostream &out, String &str)

{

	out << str.chars;

	return(out);

}



7.�seq solution�6��#include <string.h>��#include <iostream.h>



enum Bool {false, true};

typedef unsigned char uchar;



class BitVec {

public:

			 BitVec			(const short dim);

			 BitVec			(const char* bits);

			 BitVec			(const BitVec&);

			 ~BitVec		(void)	{ delete vec; }

	BitVec& operator =		(const BitVec&);

	BitVec& operator &=		(const BitVec&);

	BitVec& operator |=		(const BitVec&);

	BitVec& operator ^=		(const BitVec&);

	BitVec& operator <<=	(const short);

	BitVec& operator >>=	(const short);

	int		 operator [] 	(const short idx);

	void	 Set			(const short idx);

	void	 Reset			(const short idx);



	BitVec  operator ~		();

	BitVec  operator &		(const BitVec&);

	BitVec  operator |		(const BitVec&);

	BitVec  operator ^		(const BitVec&);

	BitVec  operator <<		(const short n);

	BitVec  operator >>		(const short n);

	Bool	 operator ==	(const BitVec&);

	Bool	 operator !=	(const BitVec&);



friend	ostream& operator << (ostream&, BitVec&);



protected:

	uchar	*vec;			// vector of 8*bytes bits

	short	 bytes;			// bytes in the vector



};



// set the bit denoted by idx to 1

inline void BitVec::Set (const short idx)

{

	vec[idx/8] |= (1 << idx%8);

}



// reset the bit denoted by idx to 0

inline void BitVec::Reset (const short idx)

{

	vec[idx/8] &= ~(1 << idx%8);

}



inline BitVec& BitVec::operator &= (const BitVec &v)

{

	return (*this) = (*this) & v;

}



inline BitVec& BitVec::operator |= (const BitVec &v)

{

	return (*this) = (*this) | v;

}



inline BitVec& BitVec::operator ^= (const BitVec &v)

{

	return (*this) = (*this) ^ v;

}



inline BitVec& BitVec::operator <<= (const short n)

{

	return (*this) = (*this) << n;

}



inline BitVec& BitVec::operator >>= (const short n)

{

	return (*this) = (*this) >> n;

}



// return the bit denoted by idx

inline int BitVec::operator [] (const short idx)

{

	return vec[idx/8] & (1 << idx%8) ? true : false;

}



inline Bool BitVec::operator != (const BitVec &v)

{

	return *this == v ? false : true;

}



BitVec::BitVec (const short dim)

{

	bytes = dim / 8 + (dim % 8 == 0 ? 0 : 1);

	vec = new uchar[bytes];



	for (register i = 0; i < bytes; ++i)

		vec[i] = 0;					// all bits are initially zero

}



BitVec::BitVec (const char *bits)

{

	int len = strlen(bits);

	bytes = len / 8 + (len % 8 == 0 ? 0 : 1);

	vec = new uchar[bytes];



	for (register i = 0; i < bytes; ++i)

		vec[i] = 0;					// initialize all bits to zero



	for (i = len - 1; i >= 0; --i)

		if (*bits++ == '1')			// set the 1 bits

			vec[i/8] |= (1 << (i%8));

}



BitVec::BitVec (const BitVec &v)

{

	bytes = v.bytes;

	vec = new uchar[bytes];

	for (register i = 0; i < bytes; ++i)	// copy bytes

		vec[i] = v.vec[i];

}



BitVec& BitVec::operator = (const BitVec& v)

{

	for (register i = 0; i < (v.bytes < bytes ? v.bytes : bytes); ++i)

		vec[i] = v.vec[i];			// copy bytes

	for (; i < bytes; ++i)			// extra bytes in *this

		vec[i] = 0;

	return *this;

}



// bitwise COMPLEMENT

BitVec BitVec::operator ~ (void)

{

	BitVec r(bytes * 8);

	for (register i = 0; i < bytes; ++i)

		r.vec[i] = ~vec[i];

	return r;

}



// bitwise AND

BitVec BitVec::operator & (const BitVec &v)

{

	BitVec r((bytes > v.bytes ? bytes : v.bytes) * 8);

	for (register i = 0; i < (bytes < v.bytes ? bytes : v.bytes); ++i)

		r.vec[i] = vec[i] & v.vec[i];

	return r;

}



// bitwise OR

BitVec BitVec::operator | (const BitVec &v)

{

	BitVec r((bytes > v.bytes ? bytes : v.bytes) * 8);

	for (register i = 0; i < (bytes < v.bytes ? bytes : v.bytes); ++i)

		r.vec[i] = vec[i] | v.vec[i];

	return r;

}



// bitwise exclusive-OR

BitVec BitVec::operator ^ (const BitVec &v)

{

	BitVec r((bytes > v.bytes ? bytes : v.bytes) * 8);

	for (register i = 0; i < (bytes < v.bytes ? bytes : v.bytes); ++i)

		r.vec[i] = vec[i] ^ v.vec[i];

	return r;

}



// SHIFT LEFT by n bits

BitVec BitVec::operator << (const short n)

{

	BitVec r(bytes * 8);

	int		zeros = n / 8;	// bytes on the left to become zero

	int		shift = n % 8;	// left shift for remaining bytes

	register i;



	for (i = bytes - 1; i >= zeros; --i)	// shift bytes left

		r.vec[i] = vec[i - zeros];



	for (; i >= 0; --i)						// zero left bytes

		r.vec[i] = 0;

	unsigned char prev = 0;



	for (i = zeros; i < r.bytes; ++i) {		// shift bits left

		r.vec[i] = (r.vec[i] << shift) | prev;

		prev = vec[i - zeros] >> (8 - shift);

	}

	return r;

}



// SHIFT RIGHT by n bits

BitVec BitVec::operator >> (const short n)

{

	BitVec r(bytes * 8);

	int 	zeros = n / 8;			// bytes on the right to become zero

	int 	shift = n % 8;			// right shift for remaining bytes

	register i;



	for (i = 0; i < bytes - zeros; ++i)		// shift bytes right

		r.vec[i] = vec[i + zeros];

	for (; i < bytes; ++i)					// zero right bytes

		r.vec[i] = 0;



	uchar prev = 0;

	for (i = r.bytes - zeros - 1; i >= 0; --i) {	// shift bits right

		r.vec[i] = (r.vec[i] >> shift) | prev;

		prev = vec[i + zeros] << (8 - shift);

	}

	return r;

}



Bool BitVec::operator ==  (const BitVec &v)

{

	int 	smaller = bytes < v.bytes ? bytes : v.bytes;

	register i;



	for (i = 0; i < smaller; ++i)		// compare bytes

		if (vec[i] != v.vec[i])

			return false;

	for (i = smaller; i < bytes; ++i)	// extra bytes in first operand

		if (vec[i] != 0)

			return false;

	for (i = smaller; i < v.bytes; ++i)	// extra bytes in second operand

		if (v.vec[i] != 0)

			return false;

	return true;

}



ostream& operator << (ostream &os, BitVec &v)

{

	const int maxBytes = 256;

	char  buf[maxBytes * 8 + 1];

    char  *str = buf;

	int	  n = v.bytes > maxBytes ? maxBytes : v.bytes;



	for (register i = n-1; i >= 0; --i)

		for (register j = 7; j >= 0; --j)

			*str++ = v.vec[i] & (1 << j) ? '1' : '0';

    *str = '\0';

	os << buf;

	return os;

}



8.�seq solution \r 1�1��#include "bitvec.h"��

enum Month {

	Jan, Feb, Mar, Apr, May, Jun, Jul, Aug, Sep, Oct, Nov, Dec

};



inline Bool LeapYear(const short year)	{return year%4 == 0;}



class Year : public BitVec {

public:

			Year	(const short year);

	void	WorkDay	(const short day);	// set day as work day

	void	OffDay	(const short day);	// set day as off day

	Bool	Working	(const short day);	// true if a work day

	short	Day		(const short day,	// convert date to day

					 const Month month, const short year);   

protected:

	short	year;	// calendar year

};



Year::Year (const short year) : BitVec(366)

{

	Year::year = year;

}



void Year::WorkDay (const short day)

{

	Set(day);

}



void Year::OffDay (const short day)

{

	Reset(day);

}



Bool Year::Working (const short day)

{

	return (*this)[day] == 1 ? true : false;

}



short Year::Day (const short day, const Month month, const short year)

{

	static short days[12] = {

		31, 28, 31, 30, 31, 30, 31, 31, 20, 31, 30, 31

	};

    days[Feb] = LeapYear(year) ? 29 : 28;



	int res = day;

	for (register i = Jan; i < month; ++i)

		res += days[i];

	return res;

}



8.�seq solution�2��#include <stdlib.h>��#include <time.h>

#include "matrix.h"



inline double Abs(double n)	{return n >= 0 ? n : -n;}



class LinEqns : public Matrix {

public:

			LinEqns		(const int n, double *soln);

	void	Generate	(const int coef);

	void	Solve		(void);

private:

	Matrix	solution;

};



LinEqns::LinEqns (const int n, double* soln)

		: Matrix(n, n+1), solution(n, 1)

{

	for (register r = 1; r <= n; ++r)

    	solution(r, 1) = soln[r - 1];

}



void LinEqns::Generate (const int coef)

{

	int mid = coef / 2;



	srand((unsigned int) time(0));	// set random seed



	for (register r = 1; r <= Rows(); ++r) {

		(*this)(r, Cols()) = 0.0;	// initialize right-hand side



        // generate equations whose coefficients

        // do not exceed coef:



		for (register c = 1; c < Cols(); ++c) {

			(*this)(r, c) = (double) (mid - random(1000) % coef);

			(*this)(r, Cols()) += (*this)(r, c) * solution(c, 1);

		}

	}

}



// solve equations using Gaussian elimination



void LinEqns::Solve (void)

{

	double const epsilon = 1e-5;	// 'almost zero' quantity

	double temp;

	int diag, piv, r, c;



	for (diag = 1; diag <= Rows(); ++diag) {	// diagonal

		piv = diag;								// pivot

		for (r = diag + 1; r <= Rows(); ++r)	// upper triangle

			if (Abs((*this)(piv, diag)) < Abs((*this)(r, diag)))

				piv = r;						// choose new pivot



		// make sure there is a unique solution:

		if (Abs((*this)(piv, diag)) < epsilon) {

			if (Abs((*this)(diag, Cols())) < epsilon)

				cout << "infinite solutions\n";

			else

				cout << "no solution\n";

			return;

		}

		if (piv != diag) {

        	// swap pivit with diagonal:

			for (c = 1; c <= Cols(); ++c) {

				temp = (*this)(diag, c);

				(*this)(diag, c) = (*this)(piv, c);

				(*this)(piv, c) = temp;

			}

        }

		// normalise diag row so that m[diag, diag] = 1:

		temp = (*this)(diag, diag);

		(*this)(diag, diag) = 1.0;

		for (c = diag + 1; c <= Cols(); ++c)

			(*this)(diag, c) = (*this)(diag, c) / temp;



		// now eliminate entries below the pivot:

		for (r = diag + 1; r <= Rows(); ++r) {

			double factor = (*this)(r, diag);

			(*this)(r, diag) = 0.0;

			for (c = diag + 1; c <= Cols(); ++c)

				(*this)(r, c) -= (*this)(diag, c) * factor;

		}

        // display elimination step:

		cout << "eliminated below pivot in column " << diag << '\n';

		cout << *this;

	}



	// back substitute:

	Matrix soln(Rows(), 1);

	soln(Rows(), 1) = (*this)(Rows(), Cols());	// the last unknown



	for (r = Rows() - 1; r >= 1; --r) {				// the rest

		double sum = 0.0;

		for (diag = r + 1; diag <= Rows(); ++diag)

			sum += (*this)(r, diag) * soln(diag, 1);

		soln(r, 1) = (*this)(r, Cols()) - sum;

	}

	cout << "solution:\n";

    cout << soln;

}



8.�seq solution�3��#include "bitvec.h"��

class EnumSet : public BitVec {

public:

	        EnumSet (const short maxCard) : BitVec(maxCard) {}

	        EnumSet (BitVec& v) : BitVec(v)  {*this = (EnumSet&)v;}

	friend  EnumSet  operator +  (EnumSet &s, EnumSet &t);

	friend  EnumSet  operator -  (EnumSet &s, EnumSet &t);

	friend  EnumSet  operator *  (EnumSet &s, EnumSet &t);

	friend  Bool     operator %  (const short elem, EnumSet &s);

	friend  Bool     operator <= (EnumSet &s, EnumSet &t);

	friend  Bool     operator >= (EnumSet &s, EnumSet &t);

	friend  EnumSet& operator << (EnumSet &s, const short elem);

	friend  EnumSet& operator >> (EnumSet &s, const short elem);

};



inline EnumSet operator + (EnumSet &s, EnumSet &t)	// union

{

	return s | t;

}



inline EnumSet operator - (EnumSet &s, EnumSet &t)	// difference

{

	return s & ~t;

}



inline EnumSet operator * (EnumSet &s, EnumSet &t)	// intersection

{

	return s & t;

}



inline Bool operator % (const short elem, EnumSet &t)

{

	return t[elem];

}



inline Bool operator <= (EnumSet &s, EnumSet &t)

{

	return (t & s) == s;

}



inline Bool operator >= (EnumSet &s, EnumSet &t)

{

	return (t & s) == t;

}



EnumSet& operator << (EnumSet &s, const short elem)

{

	s.Set(elem);

	return s;

}



EnumSet& operator >> (EnumSet &s, const short elem)

{

	s.Reset(elem);

	return s;

}



8.�seq solution�4��typedef int		Key;��typedef	double	Data;

enum Bool { false, true };



class Database {

public:

virtual	void	Insert	(Key key, Data data)	{}

virtual	void	Delete	(Key key)				{}

virtual	Bool	Search	(Key key, Data &data)	{return false;}

};



A B-tree consists of a set of nodes, where each node may contain up to 2n records and have 2n+1 children. The number n is called the order of the tree. Every node in the tree (except for the root node) must have at least n records. This ensures that at least 50% of the storage capacity is utilized. Furthermore, a nonleaf node that contains m records must have exactly m+1 children. The most important property of a B-tree is that the insert and delete operations are designed so that the tree remains balanced at all times.



#include <iostream.h>

#include "database.h"



const int maxOrder = 256;		// max tree order



class BTree : public Database {

public:

	class Page;

	class Item {		// represents each stored item

	public:

    			Item	(void)		{right = 0;}

				Item	(Key, Data);

		Key&	KeyOf	(void)		{return key;}

	    Data&	DataOf	(void)		{return data;}

	    Page*&	Subtree	(void)		{return right;}

    friend	ostream&	operator <<	(ostream&, Item&);

	private:

	    Key		key;	// item's key

	    Data	data;	// item's data

	    Page	*right;	// pointer to right subtree

	};



	class Page {		// represents each tree node

	public:

					Page	(const int size);

	            	~Page	(void)			{delete items;}

		Page*&		Left	(const int ofItem);

	    Page*&		Right	(const int ofItem);

	    const int	Size	(void)			{return size;}

		int&		Used	(void)			{return used;}

        Item&	operator []	(const int n)   {return items[n];}

    	Bool		BinarySearch(Key key, int &idx);

        int 		CopyItems	(Page *dest, const int srcIdx,

								 const int destIdx, const int count);

    	Bool		InsertItem	(Item &item, int atIdx);

        Bool		DeleteItem	(int atIdx);

        void		PrintPage	(ostream& os, const int margin);

	private:

		const int	size;	// max no. of items per page

		int			used;	// no. of items on the page

	    Page		*left;	// pointer to the left-most subtree

	    Item		*items;	// the items on the page

	};



public:

          		BTree		(const int order);

         		~BTree		(void)		{FreePages(root);}

virtual	void	Insert		(Key key, Data data);

virtual	void	Delete		(Key key);

virtual	Bool	Search		(Key key, Data &data);

friend ostream&	operator <<	(ostream&, BTree&);



protected:

    	const int order;	// order of tree

    	Page	*root;		// root of the tree

    	Page	*bufP;	// buffer page for distribution/merging



virtual void	FreePages	(Page *page);

virtual Item*	SearchAux	(Page *tree, Key key);

virtual Item*	InsertAux	(Item *item, Page *page);



virtual void	DeleteAux1	(Key key, Page *page, Bool &underflow);

virtual void	DeleteAux2	(Page *parent,Page *page,

							 const int idx, Bool &underflow);

virtual void	Underflow	(Page *page, Page *child,

							 int idx, Bool &underflow);

};



BTree::Item::Item (Key k, Data d)

{

	key = k;

    data = d;

    right = 0;

}



ostream& operator << (ostream& os, BTree::Item &item)

{

 	os << item.key << ' ' << item.data;

	return os;

}



BTree::Page::Page (const int sz) : size(sz)

{

	used = 0;

    left = 0;

    items = new Item[size];

}



// return the left subtree of an item



BTree::Page*& BTree::Page::Left (const int ofItem)

{

    return ofItem <= 0 ? left: items[ofItem - 1].Subtree();

}



// return the right subtree of an item



BTree::Page*& BTree::Page::Right (const int ofItem)

{

    return ofItem < 0 ? left : items[ofItem].Subtree();

}



// do a binary search on items of a page

// returns true if successful and false otherwise



Bool BTree::Page::BinarySearch (Key key, int &idx)

{

    int	low = 0; 

    int	high = used - 1;

    int	mid;



    do {

        mid = (low + high) / 2;

        if (key <= items[mid].KeyOf())

            high = mid - 1;				// restrict to lower half

        if (key >= items[mid].KeyOf())

            low = mid + 1;              // restrict to upper half

    } while (low <= high);



    Bool found = low - high > 1;



    idx = found ? mid : high;

    return found;

}



// copy a set of items from page to page



int BTree::Page::CopyItems (Page *dest, const int srcIdx,

							const int destIdx, const int count)

{

    for (register i = 0; i < count; ++i)	// straight copy

		dest->items[destIdx + i] = items[srcIdx + i];

    return count;

}



// insert an item into a page



Bool BTree::Page::InsertItem (Item &item, int atIdx)

{

    for (register i = used; i > atIdx; --i)	// shift right

		items[i] = items[i - 1];

    items[atIdx] = item;					// insert

    return ++used >= size;					// overflow?

}



// delete an item from a page



Bool BTree::Page::DeleteItem (int atIdx)

{

    for (register i = atIdx; i < used - 1; ++i)	// shift left

		items[i] = items[i + 1];

    return --used < size/2;					// underflow?

}



// recursively print a page and its subtrees



void BTree::Page::PrintPage (ostream& os, const int margin)

{

	char margBuf[128];



    // build the margin string:

	for (int i = 0; i <= margin; ++i)     

		margBuf[i] = ' ';

	margBuf[i] = '\0';



	// print the left-most child:

    if (Left(0) != 0)

		Left(0)->PrintPage(os, margin + 8);



	// print page and remaining children:        

	for (i = 0; i < used; ++i) {

        os << margBuf;

		os << (*this)[i]  << '\n';

		if (Right(i) != 0)

			Right(i)->PrintPage(os, margin + 8);

	}

}



BTree::BTree (const int ord) : order(ord)

{

    root = 0;

    bufP = new Page(2 * order + 2);

}



void BTree::Insert (Key key, Data data)

{

    Item item(key, data), *receive;



    if (root == 0) {						// empty tree

        root = new Page(2 * order);

        root->InsertItem(item, 0);

    } else if ((receive = InsertAux(&item, root)) != 0) {

        Page *page = new Page(2 * order);	// new root

        page->InsertItem(*receive, 0);

        page->Left(0) = root;

        root = page;

    }

}



void BTree::Delete (Key key)

{

	Bool underflow;



	DeleteAux1(key, root, underflow);

	if (underflow && root->Used() == 0) {	// dispose root

		Page *temp = root;

		root = root->Left(0);

		delete temp;

    }

}



Bool BTree::Search (Key key, Data &data)

{

	Item *item = SearchAux(root, key);



    if (item == 0)

        return false;

    data = item->DataOf();

    return true;

}



ostream& operator << (ostream& os, BTree &tree)

{

	if (tree.root != 0)

    	tree.root->PrintPage(os, 0);

    return os;

}



// recursively free a page and its subtrees



void BTree::FreePages (Page *page)

{

    if (page != 0) {

		FreePages(page->Left(0));

		for (register i = 0; i < page->Used(); ++i)

			FreePages(page->Right(i));

		delete page;

	}

}



// recursively search the tree for an item with matching key

    

BTree::Item* BTree::SearchAux (Page *tree, Key key)

{

    int 	idx;

    Item	*item;



    if (tree == 0)

        return 0;

    if (tree->BinarySearch(key, idx))

		return &((*tree)[idx]);

    return SearchAux(idx < 0 ? tree->Left(0)

							 : tree->Right(idx), key);

}



// insert an item into a page and split the page if it overflows



BTree::Item* BTree::InsertAux (Item *item, Page *page)

{

	Page *child;

	int  idx;



	if (page->BinarySearch(item->KeyOf(), idx))

		return 0;                       	// already in tree



	if ((child = page->Right(idx)) != 0)

		item = InsertAux(item, child);   	// child is not a leaf



	if (item != 0) {                    	// page is a leaf, or passed up

		if (page->Used() < 2 * order) {		// insert in the page

			page->InsertItem(*item, idx + 1);

		} else {                          	// page is full, split

			Page *newP = new Page(2 * order);



			bufP->Used() = page->CopyItems(bufP, 0, 0, page->Used());

			bufP->InsertItem(*item, idx + 1);



            int size = bufP->Used();

            int half = size/2;



			page->Used() = bufP->CopyItems(page, 0, 0, half);

			newP->Used() = bufP->CopyItems(newP, half + 1, 0, size - half - 1);

			newP->Left(0) = bufP->Right(half);



			*item = (*bufP)[half];		// the mid item

			item->Subtree() = newP;

			return item;

		}

	}

	return 0;

}



// delete an item from a page and deal with underflows



void BTree::DeleteAux1 (Key key, Page *page, Bool &underflow)

{

	int  	idx;

    Page	*child;



	underflow = false;

	if (page == 0)

		return;



	if (page->BinarySearch(key, idx)) {

		if ((child = page->Left(idx)) == 0) {	// page is a leaf                                                    

			underflow = page->DeleteItem(idx);

		} else {								// page is a subtree

			// delete from subtree:

			DeleteAux2(page, child, idx, underflow);

			if (underflow)

				Underflow(page, child, idx - 1, underflow);

		}

	} else {									// is not on this page

		child = page->Right(idx);

		DeleteAux1(key, child, underflow);		// should be in child

		if (underflow)

			Underflow(page, child, idx, underflow);

	}

}



// delete an item and deal with underflows by borrowing

// items from neighboring pages or merging two pages



void BTree::DeleteAux2 (Page *parent,Page *page,

						const int idx, Bool &underflow)

{

	Page *child = page->Right(page->Used() - 1);



	if (child != 0) {							// page is not a leaf

		DeleteAux2(parent, child, idx, underflow); // go another level down

		if (underflow)

			Underflow(page, child, page->Used() - 1, underflow);

	} else {                                    // page is a leaf

    	// save right:

		Page *right = parent->Right(idx);

		// borrow an item from page for parent:

        page->CopyItems(parent, page->Used() - 1, idx, 1);

        // restore right:

		parent->Right(idx) = right;

		underflow = page->DeleteItem(page->Used() - 1);

	}

}



// handle underflows



void BTree::Underflow (Page *page, Page *child,

						int idx, Bool &underflow)

{

	Page *left = idx < page->Used() - 1 ? child : page->Left(idx);

	Page *right = left == child ? page->Right(++idx) : child;



	// copy contents of left, parent item, and right onto bufP:

	int size = left->CopyItems(bufP, 0, 0, left->Used());

	(*bufP)[size] = (*page)[idx];

	bufP->Right(size++) = right->Left(0);

	size += right->CopyItems(bufP, 0, size, right->Used());

   

	if (size > 2 * order) {

    	// distribute bufP items between left and right:

		int half = size/2;

		left->Used() = bufP->CopyItems(left, 0, 0, half);

		right->Used() = bufP->CopyItems(right, half + 1, 0, size - half - 1);

		right->Left(0) = bufP->Right(half);

		(*page)[idx] = (*bufP)[half];

		page->Right(idx) = right;

		underflow = false;

	} else {

		// merge, and free the right page:

		left->Used() = bufP->CopyItems(left, 0, 0, size);

		underflow = page->DeleteItem(idx);

		delete right;

	}

}



	A B*-tree is a B-tree in which most nodes are at least 2/3 full (instead of 1/2 full). Instead of splitting a node as soon as it becomes full, an attempt is made to evenly distribute the contents of the node and its neighbor(s) between them. A node is split only when one or both of its neighbors are full too. A B*-tree facilitates more economic utilization of the available store, since it ensures that at least 66% of the storage occupied by the tree is actually used. As a result, the height of the tree is smaller, which in turn improves the search speed. The search and delete operations are exactly as in a B-tree; only the insertion operation is different.



class BStar : public BTree {

public:

				BStar		(const int order) : BTree(order) {}

virtual	void	Insert		(Key key, Data data);



protected:

virtual Item*	InsertAux	(Item *item, Page *page);

virtual Item*	Overflow	(Item *item, Page *page,

							 Page *child, int idx);

};



// insert with overflow/underflow handling



void BStar::Insert (Key key, Data data)

{

	Item item(key, data);

	Item *overflow;

	Page *left, *right;

	Bool dummy;



	if (root == 0) {			// empty tree

		root = new Page(2 * order);

		root->InsertItem(item, 0);

	} else if ((overflow = InsertAux(&item, root)) != 0) {

		left = root;			// root becomes a left child

		root = new Page(2 * order);

		right = new Page (2 * order);

		root->InsertItem(*overflow, 0);

		root->Left(0) = left;	// the left-most child of root 

		root->Right(0) = right;	// the right child of root

		right->Left(0) = overflow->Subtree();

		// right is underflown (size == 0):

		Underflow(root, right, 0, dummy);

	}

}



// inserts and deals with overflows



Item* BStar::InsertAux (Item *item, Page *page)

{

	Page *child;

	int  idx;



	if (page->BinarySearch(item->KeyOf(), idx))

		return 0;							// already in tree

	if ((child = page->Right(idx)) != 0) {

		// child not a leaf:

		if ((item = InsertAux(item, child)) != 0)    

			return Overflow(item, page, child, idx);

	} else if (page->Used() < 2 * order) {	// item fits in node

		page->InsertItem(*item, idx + 1);

	} else {								// node is full

		int size = page->Used(); 

		bufP->Used() = page->CopyItems(bufP, 0, 0, size);

		bufP->InsertItem(*item, idx + 1);

		bufP->CopyItems(page, 0, 0, size);

		*item = (*bufP)[size];

		return item;

	}

	return 0;

}



// handles underflows



Item* BStar::Overflow (Item *item, Page *page,

						Page *child, int idx)

{

    Page *left = idx < page->Used() - 1 ? child : page->Left(idx);

    Page *right = left == child ? page->Right(++idx) : child;



	// copy left, overflown and parent items, and right into buf: 

	bufP->Used() = left->CopyItems(bufP, 0, 0, left->Used());

	if (child == left ) {

    	bufP->InsertItem(*item, bufP->Used());

		bufP->InsertItem((*page)[idx], bufP->Used());

		bufP->Right(bufP->Used() - 1) = right->Left(0);

		bufP->Used() +=

				right->CopyItems(bufP, 0, bufP->Used(), right->Used());

	} else {

        bufP->InsertItem((*page)[idx], bufP->Used());

		bufP->Right(bufP->Used() - 1) = right->Left(0);

		bufP->Used() +=

				right->CopyItems(bufP, 0, bufP->Used(), right->Used());

        bufP->InsertItem(*item, bufP->Used());

	}

	if (bufP->Used() < 4 * order + 2) {

		// distribute buf between left and right:

        int size = bufP->Used(), half;



		left->Used() = bufP->CopyItems(left, 0, 0, half = size/2);

		right->Used() = bufP->CopyItems(right, half + 1, 0, size - half - 1);

		right->Left(0) = bufP->Right(half);

		(*page)[idx] = (*bufP)[half];

		page->Right(idx) = right;

		return 0;

	} else {

		// split int 3 pages:

		Page *newP = new Page(2 * order);

	    int  mid1, mid2;



		mid1 = left->Used() = bufP->CopyItems(left, 0, 0, (4 * order + 1) / 3);

		mid2 = right->Used() = bufP->CopyItems(right, mid1 + 1, 0, 4 * order / 3);

		mid2 += mid1 + 1;

		newP->Used() = bufP->CopyItems(newP, mid2 + 1, 0, (4 * order + 2) / 3);

		right->Left(0) = bufP->Right(mid1);

		bufP->Right(mid1) = right;

		newP->Left(0) = bufP->Right(mid2);

		bufP->Right(mid2) = newP;

		(*page)[idx] = (*bufP)[mid2];

		if (page->Used() < 2 * order) {

			page->InsertItem((*bufP)[mid1], idx);

			return 0;

		} else {

			*item = (*page)[page->Used() - 1];

            (*page)[page->Used() - 1] = (*bufP)[mid1];

			return item;

		}

	}

}



9.�seq solution \r 1�1��template <class Type>��void Swap (Type &x, Type &y)

{

	Type tmp = x;

	x = y;

	y = tmp;

}



9.�seq solution�2��#include <string.h>��

enum Bool {false, true};



template <class Type>

void BubbleSort (Type *names, const int size)

{

	Bool swapped;



	do {

		swapped = false;

		for (register i = 0; i < size - 1; ++i) {

			if (names[i] > names[i+1]) {

				Type temp = names[i];

				names[i] = names[i+1];

				names[i+1] = temp;

				swapped = true;

			}

		}

	} while (swapped); 

}



// specialization:



void BubbleSort (char **names, const int size)

{

	Bool swapped;



	do {

		swapped = false;

		for (register i = 0; i < size - 1; ++i) {

			if (strcmp(names[i], names[i+1]) > 0 ) {

				char *temp = names[i];

				names[i] = names[i+1];

				names[i+1] = temp;

				swapped = true;

			}

		}

	} while (swapped); 

}



9.�seq solution�3��#include <string.h>��#include <iostream.h>



enum Bool {false,true};



typedef char *Str;



template <class Type>

class BinNode {

public:

				BinNode		(const Type&);

        		~BinNode	(void)	{}

	Type&		Value		(void)	{return value;}

    BinNode*&	Left		(void)	{return left;}

    BinNode*&	Right		(void)	{return right;}



    void	 	FreeSubtree	(BinNode *subtree);

	void	 	InsertNode	(BinNode *node, BinNode *&subtree);

	void	 	DeleteNode	(const Type&, BinNode *&subtree);

const BinNode* 	FindNode	(const Type&, const BinNode *subtree);

	void	 	PrintNode	(const BinNode *node);



private:

	Type	value;		// node value

	BinNode	*left;		// pointer to left child

	BinNode	*right;		// pointer to right child

};



template <class Type>

class BinTree {

public:

	     	BinTree	(void);

	    	~BinTree(void);

	void	Insert	(const Type &val);

	void 	Delete	(const Type &val);

	Bool	Find	(const Type &val);

	void	Print	(void);



protected:

	BinNode<Type> *root;	// root node of the tree

};



template <class Type>

BinNode<Type>::BinNode (const Type &val)

{

	value = val;

    left = right = 0;

}



// specialization:



BinNode<Str>::BinNode (const Str &str)

{

	value = new char[strlen(str) + 1];

    strcpy(value, str);

    left = right = 0;

}



template <class Type>

void BinNode<Type>::FreeSubtree (BinNode<Type> *node)

{

	if (node != 0) {

		FreeSubtree(node->left);

		FreeSubtree(node->right);

		delete node;

	}

}



template <class Type>

void BinNode<Type>::InsertNode (BinNode<Type> *node, BinNode<Type> *&subtree)

{

	if (subtree == 0)

    	subtree = node;

	else if (node->value <= subtree->value)

		InsertNode(node, subtree->left);

	else

		InsertNode(node, subtree->right);

}



// specialization:



void BinNode<Str>::InsertNode (BinNode<Str> *node, BinNode<Str> *&subtree)

{

	if (subtree == 0)

    	subtree = node;

	else if (strcmp(node->value, subtree->value) <= 0)

		InsertNode(node, subtree->left);

	else

		InsertNode(node, subtree->right);

}



template <class Type>

void BinNode<Type>::DeleteNode (const Type &val, BinNode<Type> *&subtree)

{

	int cmp;



	if (subtree == 0)

		return;

	if (val < subtree->value)

		DeleteNode(val, subtree->left);

	else if (val > subtree->value)

		DeleteNode(val, subtree->right);

	else {

		BinNode* handy = subtree;

		if (subtree->left == 0) 		// no left subtree

			subtree = subtree->right;

		else if (subtree->right == 0)	// no right subtree

			subtree = subtree->left;

		else { 							// left and right subtree

        	subtree = subtree->right;

            // insert left subtree into right subtree:

			InsertNode(subtree->left, subtree->right);

        }

		delete handy;

	}

}



// specialization:



void BinNode<Str>::DeleteNode (const Str &str, BinNode<Str> *&subtree)

{

	int cmp;



	if (subtree == 0)

		return;

	if ((cmp = strcmp(str, subtree->value)) < 0)

		DeleteNode(str, subtree->left);

	else if (cmp > 0)

		DeleteNode(str, subtree->right);

	else {

		BinNode<Str>* handy = subtree;

		if (subtree->left == 0) 		// no left subtree

			subtree = subtree->right;

		else if (subtree->right == 0)	// no right subtree

			subtree = subtree->left;

		else { 							// left and right subtree

        	subtree = subtree->right;

            // insert left subtree into right subtree:

			InsertNode(subtree->left, subtree->right);

        }

		delete handy;

	}

}



template <class Type>

const BinNode<Type>*

BinNode<Type>::FindNode (const Type &val, const BinNode<Type> *subtree)

{

	if (subtree == 0)

		return 0;

    if (val < subtree->value)

        return FindNode(val, subtree->left);

	if (val > subtree->value)

		return FindNode(val, subtree->right);

	return subtree;

}



// specialization:



const BinNode<Str>*

BinNode<Str>::FindNode (const Str &str, const BinNode<Str> *subtree)

{

	int cmp;



	return (subtree == 0)

			? 0

            : ((cmp = strcmp(str, subtree->value)) < 0

            	? FindNode(str, subtree->left)

                : (cmp > 0

					? FindNode(str, subtree->right)

					: subtree));



}



template <class Type>

void BinNode<Type>::PrintNode (const BinNode<Type> *node)

{

	if (node != 0) {

		PrintNode(node->left);

		cout << node->value << ' ';

		PrintNode(node->right);

	}

}



template <class Type>

void BinTree<Type>::Insert (const Type &val)

{

	root->InsertNode(new BinNode<Type>(val), root);

}



template <class Type>

BinTree<Type>::BinTree (void)

{

	root = 0;

}



template <class Type>

BinTree<Type>::~BinTree(void)

{

	root->FreeSubtree(root);

}



template <class Type>

void BinTree<Type>::Delete (const Type &val)

{

	root->DeleteNode(val, root);

}



template <class Type>

Bool BinTree<Type>::Find (const Type &val)

{

	return root->FindNode(val, root) != 0;

}



template <class Type>

void BinTree<Type>::Print (void)

{

	root->PrintNode(root);  cout << '\n';

}



9.�seq solution�4��#include <iostream.h>��

enum Bool { false, true };



template <class Key, class Data>

class Database {

public:

virtual	void	Insert	(Key key, Data data)	{}

virtual	void	Delete	(Key key)				{}

virtual	Bool	Search	(Key key, Data &data)	{return false;}

};



template <class Key, class Data> class Page;



template <class Key, class Data>

class Item {		// represents each stored item

public:

    		Item	(void)		{right = 0;}

			Item	(Key, Data);

	Key&	KeyOf	(void)		{return key;}

    Data&	DataOf	(void)		{return data;}

    Page<Key, Data>*&	Subtree	(void)		{return right;}

friend	ostream&	operator <<	(ostream&, Item&);

private:

    Key		key;	// item's key

    Data	data;	// item's data

    Page<Key, Data>	*right;	// pointer to right subtree

};



template <class Key, class Data>

class Page {		// represents each tree node

public:

				Page	(const int size);

           		~Page	(void)			{delete items;}

	Page*&		Left	(const int ofItem);

    Page*&		Right	(const int ofItem);

    const int	Size	(void)			{return size;}

	int&		Used	(void)			{return used;}

	Item<Key, Data>&	operator []	(const int n)	{return items[n];}

	Bool		BinarySearch(Key key, int &idx);

    int 		CopyItems	(Page *dest, const int srcIdx,

								 const int destIdx, const int count);

	Bool		InsertItem	(Item<Key, Data> &item, int atIdx);

    Bool		DeleteItem	(int atIdx);

    void		PrintPage	(ostream& os, const int margin);

private:

	const int	size;	// max no. of items per page

	int			used;	// no. of items on the page

    Page		*left;	// pointer to the left-most subtree

    Item<Key, Data>		*items;	// the items on the page

};



template <class Key, class Data>

class BTree : public Database<Key, Data> {

public:

          		BTree		(const int order);

         		~BTree		(void)		{FreePages(root);}

virtual	void	Insert		(Key key, Data data);

virtual	void	Delete		(Key key);

virtual	Bool	Search		(Key key, Data &data);

friend ostream&	operator <<	(ostream&, BTree&);



protected:

    	const int order;	// order of tree

    	Page<Key, Data>	*root;	// root of the tree

    	Page<Key, Data>	*bufP;	// buffer page for distribution/merging



virtual void	FreePages	(Page<Key, Data> *page);

virtual Item<Key, Data>*	SearchAux	(Page<Key, Data> *tree, Key key);

virtual Item<Key, Data>*	InsertAux	(Item<Key, Data> *item,

										 Page<Key, Data> *page);



virtual void	DeleteAux1	(Key key, Page<Key, Data> *page,

							 Bool &underflow);

virtual void	DeleteAux2	(Page<Key, Data> *parent,

							 Page<Key, Data> *page,

							 const int idx, Bool &underflow);

virtual void	Underflow	(Page<Key, Data> *page,

							 Page<Key, Data> *child,

							 int idx, Bool &underflow);

};



template <class Key, class Data>

Item<Key, Data>::Item (Key k, Data d)

{

	key = k;

    data = d;

    right = 0;

}



template <class Key, class Data>

ostream& operator << (ostream& os, Item<Key,Data> &item)

{

 	os << item.key << ' ' << item.data;

	return os;

}



template <class Key, class Data>

Page<Key, Data>::Page (const int sz) : size(sz)

{

	used = 0;

    left = 0;

    items = new Item<Key, Data>[size];

}



// return the left subtree of an item



template <class Key, class Data>

Page<Key, Data>*& Page<Key, Data>::Left (const int ofItem)

{

    return ofItem <= 0 ? left: items[ofItem - 1].Subtree();

}



// return the right subtree of an item



template <class Key, class Data>

Page<Key, Data>*& Page<Key, Data>::Right (const int ofItem)

{

    return ofItem < 0 ? left : items[ofItem].Subtree();

}



// do a binary search on items of a page

// returns true if successful and false otherwise



template <class Key, class Data>

Bool Page<Key, Data>::BinarySearch (Key key, int &idx)

{

    int	low = 0; 

    int	high = used - 1;

    int	mid;



    do {

        mid = (low + high) / 2;

        if (key <= items[mid].KeyOf())

            high = mid - 1;				// restrict to lower half

        if (key >= items[mid].KeyOf())

            low = mid + 1;              // restrict to upper half

    } while (low <= high);



    Bool found = low - high > 1;



    idx = found ? mid : high;

    return found;

}



// copy a set of items from page to page



template <class Key, class Data>

int Page<Key, Data>::CopyItems (Page<Key, Data> *dest, const int srcIdx,

							const int destIdx, const int count)

{

    for (register i = 0; i < count; ++i)	// straight copy

		dest->items[destIdx + i] = items[srcIdx + i];

    return count;

}



// insert an item into a page



template <class Key, class Data>

Bool Page<Key, Data>::InsertItem (Item<Key, Data> &item, int atIdx)

{

    for (register i = used; i > atIdx; --i)	// shift right

		items[i] = items[i - 1];

    items[atIdx] = item;					// insert

    return ++used >= size;					// overflow?

}



// delete an item from a page



template <class Key, class Data>

Bool Page<Key, Data>::DeleteItem (int atIdx)

{

    for (register i = atIdx; i < used - 1; ++i)	// shift left

		items[i] = items[i + 1];

    return --used < size/2;					// underflow?

}



// recursively print a page and its subtrees



template <class Key, class Data>

void Page<Key, Data>::PrintPage (ostream& os, const int margin)

{

	char margBuf[128];



    // build the margin string:

	for (int i = 0; i <= margin; ++i)     

		margBuf[i] = ' ';

	margBuf[i] = '\0';



	// print the left-most child:

    if (Left(0) != 0)

		Left(0)->PrintPage(os, margin + 8);



	// print page and remaining children:        

	for (i = 0; i < used; ++i) {

        os << margBuf;

		os << (*this)[i]  << '\n';

		if (Right(i) != 0)

			Right(i)->PrintPage(os, margin + 8);

	}

}



template <class Key, class Data>

BTree<Key, Data>::BTree (const int ord) : order(ord)

{

    root = 0;

    bufP = new Page<Key, Data>(2 * order + 2);

}



template <class Key, class Data>

void BTree<Key, Data>::Insert (Key key, Data data)

{

    Item<Key, Data> item(key, data), *receive;



    if (root == 0) {						// empty tree

        root = new Page<Key, Data>(2 * order);

        root->InsertItem(item, 0);

    } else if ((receive = InsertAux(&item, root)) != 0) {

        Page<Key, Data> *page = new Page<Key, Data>(2 * order);	// new root

        page->InsertItem(*receive, 0);

        page->Left(0) = root;

        root = page;

    }

}



template <class Key, class Data>

void BTree<Key, Data>::Delete (Key key)

{

	Bool underflow;



	DeleteAux1(key, root, underflow);

	if (underflow && root->Used() == 0) {	// dispose root

		Page<Key, Data> *temp = root;

		root = root->Left(0);

		delete temp;

    }

}



template <class Key, class Data>

Bool BTree<Key, Data>::Search (Key key, Data &data)

{

	Item<Key, Data> *item = SearchAux(root, key);



    if (item == 0)

        return false;

    data = item->DataOf();

    return true;

}



template <class Key, class Data>

ostream& operator << (ostream& os, BTree<Key, Data> &tree)

{

	if (tree.root != 0)

    	tree.root->PrintPage(os, 0);

    return os;

}



// recursively free a page and its subtrees



template <class Key, class Data>

void BTree<Key, Data>::FreePages (Page<Key, Data> *page)

{

    if (page != 0) {

		FreePages(page->Left(0));

		for (register i = 0; i < page->Used(); ++i)

			FreePages(page->Right(i));

		delete page;

	}

}



// recursively search the tree for an item with matching key

    

template <class Key, class Data>

Item<Key, Data>* BTree<Key, Data>::

		SearchAux (Page<Key, Data> *tree, Key key)

{

    int 	idx;

    Item<Key, Data>	*item;



    if (tree == 0)

        return 0;

    if (tree->BinarySearch(key, idx))

		return &((*tree)[idx]);

    return SearchAux(idx < 0 ? tree->Left(0)

							 : tree->Right(idx), key);

}



// insert an item into a page and split the page if it overflows



template <class Key, class Data>

Item<Key, Data>* BTree<Key, Data>::InsertAux (Item<Key, Data> *item,

									Page<Key, Data> *page)

{

	Page<Key, Data> *child;

	int  idx;



	if (page->BinarySearch(item->KeyOf(), idx))

		return 0;                       	// already in tree



	if ((child = page->Right(idx)) != 0)

		item = InsertAux(item, child);   	// child is not a leaf



	if (item != 0) {                    	// page is a leaf, or passed up

		if (page->Used() < 2 * order) {		// insert in the page

			page->InsertItem(*item, idx + 1);

		} else {                          	// page is full, split

			Page<Key, Data> *newP = new Page<Key, Data>(2 * order);



			bufP->Used() = page->CopyItems(bufP, 0, 0, page->Used());

			bufP->InsertItem(*item, idx + 1);



            int size = bufP->Used();

            int half = size/2;



			page->Used() = bufP->CopyItems(page, 0, 0, half);

			newP->Used() = bufP->CopyItems(newP, half + 1, 0, size - half - 1);

			newP->Left(0) = bufP->Right(half);



			*item = (*bufP)[half];		// the mid item

			item->Subtree() = newP;

			return item;

		}

	}

	return 0;

}



// delete an item from a page and deal with underflows



template <class Key, class Data>

void BTree<Key, Data>::DeleteAux1 (Key key,

						Page<Key, Data> *page, Bool &underflow)

{

	int  	idx;

    Page<Key, Data>	*child;



	underflow = false;

	if (page == 0)

		return;



	if (page->BinarySearch(key, idx)) {

		if ((child = page->Left(idx)) == 0) {	// page is a leaf                                                    

			underflow = page->DeleteItem(idx);

		} else {								// page is a subtree

			// delete from subtree:

			DeleteAux2(page, child, idx, underflow);

			if (underflow)

				Underflow(page, child, idx - 1, underflow);

		}

	} else {									// is not on this page

		child = page->Right(idx);

		DeleteAux1(key, child, underflow);		// should be in child

		if (underflow)

			Underflow(page, child, idx, underflow);

	}

}



// delete an item and deal with underflows by borrowing

// items from neighboring pages or merging two pages



template <class Key, class Data>

void BTree<Key, Data>::DeleteAux2 (Page<Key, Data> *parent,

						Page<Key, Data> *page,

						const int idx, Bool &underflow)

{

	Page<Key, Data> *child = page->Right(page->Used() - 1);



	if (child != 0) {							// page is not a leaf

		DeleteAux2(parent, child, idx, underflow); // go another level down

		if (underflow)

			Underflow(page, child, page->Used() - 1, underflow);

	} else {                                    // page is a leaf

    	// save right:

		Page<Key, Data> *right = parent->Right(idx);

		// borrow an item from page for parent:

        page->CopyItems(parent, page->Used() - 1, idx, 1);

        // restore right:

		parent->Right(idx) = right;

		underflow = page->DeleteItem(page->Used() - 1);

	}

}



// handle underflows



template <class Key, class Data>

void BTree<Key, Data>::Underflow (Page<Key, Data> *page,

						Page<Key, Data> *child,

						int idx, Bool &underflow)

{

	Page<Key, Data> *left =

			idx < page->Used() - 1 ? child : page->Left(idx);

	Page<Key, Data> *right =

			left == child ? page->Right(++idx) : child;



	// copy contents of left, parent item, and right onto bufP:

	int size = left->CopyItems(bufP, 0, 0, left->Used());

	(*bufP)[size] = (*page)[idx];

	bufP->Right(size++) = right->Left(0);

	size += right->CopyItems(bufP, 0, size, right->Used());

   

	if (size > 2 * order) {

    	// distribute bufP items between left and right:

		int half = size/2;

		left->Used() = bufP->CopyItems(left, 0, 0, half);

		right->Used() = bufP->CopyItems(right, half + 1, 0, size - half - 1);

		right->Left(0) = bufP->Right(half);

		(*page)[idx] = (*bufP)[half];

		page->Right(idx) = right;

		underflow = false;

	} else {

		// merge, and free the right page:

		left->Used() = bufP->CopyItems(left, 0, 0, size);

		underflow = page->DeleteItem(idx);

		delete right;

	}

}



//-------------------------------------------------------------



template <class Key, class Data>

class BStar : public BTree<Key, Data> {

public:

				BStar		(const int order) : BTree<Key, Data>(order) {}

virtual	void	Insert		(Key key, Data data);



protected:

virtual Item<Key, Data>*	InsertAux (Item<Key, Data> *item,

										Page<Key, Data> *page);

virtual Item<Key, Data>*	Overflow  (Item<Key, Data> *item,

										Page<Key, Data> *page,

										Page<Key, Data> *child, int idx);

};



// insert with overflow/underflow handling



template <class Key, class Data>

void BStar<Key, Data>::Insert (Key key, Data data)

{

	Item<Key, Data> item(key, data);

	Item<Key, Data> *overflow;

	Page<Key, Data> *left, *right;

	Bool dummy;



	if (root == 0) {			// empty tree

		root = new Page<Key, Data>(2 * order);

		root->InsertItem(item, 0);

	} else if ((overflow = InsertAux(&item, root)) != 0) {

		left = root;			// root becomes a left child

		root = new Page<Key, Data>(2 * order);

		right = new Page<Key, Data>(2 * order);

		root->InsertItem(*overflow, 0);

		root->Left(0) = left;	// the left-most child of root 

		root->Right(0) = right;	// the right child of root

		right->Left(0) = overflow->Subtree();

		// right is underflown (size == 0):

		Underflow(root, right, 0, dummy);

	}

}



// inserts and deals with overflows



template <class Key, class Data>

Item<Key, Data>* BStar<Key, Data>::InsertAux (Item<Key, Data> *item,

									Page<Key, Data> *page)

{

	Page<Key, Data> *child;

	int  idx;



	if (page->BinarySearch(item->KeyOf(), idx))

		return 0;							// already in tree

	if ((child = page->Right(idx)) != 0) {

		// child not a leaf:

		if ((item = InsertAux(item, child)) != 0)    

			return Overflow(item, page, child, idx);

	} else if (page->Used() < 2 * order) {	// item fits in node

		page->InsertItem(*item, idx + 1);

	} else {								// node is full

		int size = page->Used(); 

		bufP->Used() = page->CopyItems(bufP, 0, 0, size);

		bufP->InsertItem(*item, idx + 1);

		bufP->CopyItems(page, 0, 0, size);

		*item = (*bufP)[size];

		return item;

	}

	return 0;

}



// handles underflows



template <class Key, class Data>

Item<Key, Data>* BStar<Key, Data>::Overflow (Item<Key, Data> *item,

						Page<Key, Data> *page,

						Page<Key, Data> *child, int idx)

{

    Page<Key, Data> *left =

				idx < page->Used() - 1 ? child : page->Left(idx);

    Page<Key, Data> *right =

				left == child ? page->Right(++idx) : child;



	// copy left, overflown and parent items, and right into buf: 

	bufP->Used() = left->CopyItems(bufP, 0, 0, left->Used());

	if (child == left ) {

    	bufP->InsertItem(*item, bufP->Used());

		bufP->InsertItem((*page)[idx], bufP->Used());

		bufP->Right(bufP->Used() - 1) = right->Left(0);

		bufP->Used() +=

				right->CopyItems(bufP, 0, bufP->Used(), right->Used());

	} else {

        bufP->InsertItem((*page)[idx], bufP->Used());

		bufP->Right(bufP->Used() - 1) = right->Left(0);

		bufP->Used() +=

				right->CopyItems(bufP, 0, bufP->Used(), right->Used());

        bufP->InsertItem(*item, bufP->Used());

	}

	if (bufP->Used() < 4 * order + 2) {

		// distribute buf between left and right:

        int size = bufP->Used(), half;



		left->Used() = bufP->CopyItems(left, 0, 0, half = size/2);

		right->Used() = bufP->CopyItems(right, half + 1, 0, size - half - 1);

		right->Left(0) = bufP->Right(half);

		(*page)[idx] = (*bufP)[half];

		page->Right(idx) = right;

		return 0;

	} else {

		// split int 3 pages:

		Page<Key, Data> *newP = new Page<Key, Data>(2 * order);

	    int  mid1, mid2;



		mid1 = left->Used() = bufP->CopyItems(left, 0, 0, (4 * order + 1) / 3);

		mid2 = right->Used() = bufP->CopyItems(right, mid1 + 1, 0, 4 * order / 3);

		mid2 += mid1 + 1;

		newP->Used() = bufP->CopyItems(newP, mid2 + 1, 0, (4 * order + 2) / 3);

		right->Left(0) = bufP->Right(mid1);

		bufP->Right(mid1) = right;

		newP->Left(0) = bufP->Right(mid2);

		bufP->Right(mid2) = newP;

		(*page)[idx] = (*bufP)[mid2];

		if (page->Used() < 2 * order) {

			page->InsertItem((*bufP)[mid1], idx);

			return 0;

		} else {

			*item = (*page)[page->Used() - 1];

            (*page)[page->Used() - 1] = (*bufP)[mid1];

			return item;

		}

	}

}



10.�seq solution \r 1�1��enum PType	{controlPack, dataPack, diagnosePack};��enum Bool	{false, true};



class Packet {

public:

	//...

    PType	Type	(void)	{return dataPack;}

	Bool	Valid	(void)	{return true;}

};



class Connection {

public:

	//...

	Bool	Active	(void)	{return true;}

};



class InactiveConn	{};

class InvalidPack	{};

class UnknownPack	{};



void ReceivePacket (Packet *pack, Connection *c)

	throw(InactiveConn, InvalidPack, UnknownPack)

{

	if (!c->Active())

    	throw InactiveConn();

    if (!pack->Valid())

    	throw InvalidPack();



	switch (pack->Type()) {

		case controlPack:	//...

                				break;

		case dataPack:		//...

                				break;

		case diagnosePack:	//...

                				break;

		default:			//...

        	throw UnknownPack();

    }

}



10.�seq solution�2��#include <iostream.h>��

class DimsDontMatch	{};

class BadDims		{};

class BadRow		{};

class BadCol		{};

class HeapExhausted	{};



class Matrix {

public:

				Matrix		 (const short rows, const short cols);

                Matrix		 (const Matrix&);

				~Matrix		 (void)				{delete elems;}

		double& operator ()  (const short row, const short col);

		Matrix& operator =	 (const Matrix&);



friend ostream& operator <<  (ostream&, Matrix&);

friend  Matrix	operator  +	 (Matrix&, Matrix&);

friend  Matrix	operator  -	 (Matrix&, Matrix&);

friend  Matrix	operator  *	 (Matrix&, Matrix&);

		const short	Rows	 (void)		{return rows;}	   

		const short	Cols	 (void)		{return cols;}



private:

		const short	rows;	  // matrix rows

		const short	cols;	  // matrix columns

		double		*elems;	  // matrix elements

};





Matrix::Matrix (const short r, const short c) : rows(r), cols(c)

{

    if (rows <= 0 || cols <= 0)

    	throw BadDims();

	elems = new double[rows * cols];

    if (elems == 0)

    	throw HeapExhausted();

}



Matrix::Matrix (const Matrix &m) : rows(m.rows), cols(m.cols)

{

	int n = rows * cols;

    if (rows <= 0 || cols <= 0)

    	throw BadDims();

	elems = new double[n];

	if (elems == 0)

		throw HeapExhausted();

	for (register i = 0; i < n; ++i)		// copy elements

		elems[i] = m.elems[i];

}



double& Matrix::operator () (const short row, const short col)

{

	if (row <= 0 || row > rows)

    	throw BadRow();

    if (col <= 0 || col > cols)

    	throw BadCol();

	return elems[(row - 1)*cols + (col - 1)];

}



Matrix& Matrix::operator = (const Matrix &m)

{

	if (rows == m.rows && cols == m.cols) {   	// must match

		int n = rows * cols;

		for (register i = 0; i < n; ++i)		// copy elements

			elems[i] = m.elems[i];

	} else

    	throw DimsDontMatch();

	return *this;

}



ostream& operator << (ostream &os, Matrix &m)

{

	for (register r = 1; r <= m.rows; ++r) {

		for (int c = 1; c <= m.cols; ++c)

			os << m(r,c) << '\t';

		os << '\n';

	}

	return os;

}



Matrix operator + (Matrix &p, Matrix &q)

{

	if (p.rows != q.rows || p.cols != q.cols)

    	throw DimsDontMatch();

	Matrix m(p.rows, p.cols);

	if (p.rows == q.rows && p.cols == q.cols)

		for (register r = 1; r <= p.rows; ++r)

			for (register c = 1; c <= p.cols; ++c)

				m(r,c) = p(r,c) + q(r,c);

	return m;

}



Matrix operator - (Matrix &p, Matrix &q)

{

	if (p.rows != q.rows || p.cols != q.cols)

    	throw DimsDontMatch();

	Matrix m(p.rows, p.cols);

	if (p.rows == q.rows && p.cols == q.cols)

		for (register r = 1; r <= p.rows; ++r)

			for (register c = 1; c <= p.cols; ++c)

				m(r,c) = p(r,c) - q(r,c);

	return m;

}



Matrix operator * (Matrix &p, Matrix &q)

{

	if (p.cols != q.rows)

    	throw DimsDontMatch();

	Matrix m(p.rows, q.cols);

	if (p.cols == q.rows)

		for (register r = 1; r <= p.rows; ++r)

			for (register c = 1; c <= q.cols; ++c) {

				m(r,c) = 0.0;

				for (register i = 1; i <= p.cols; ++i)

					m(r,c) += p(r,c) * q(r,c);

			}

	return m;

}
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