Gaddis notes
Chapter 2
*Variables represent storage locations in computer’s memory.
    int num = 5; num is a variable assigned 5. cout<<“Number is “<<num; num will be printed out as 5.
* cout << “The number is “<< “number”; “number” is not a number, it’s a literal. It will print number.
*number = “5”; with “”, this represents a string with characters  {’5’, ‘\0’}.
*Identifiers: The name of a variable is an identifier. char letter; letter = 65; Cout << letter << endl; will give
   ‘A’. char variable occupy 1 element. Don’t confuse to letter = “A”; Here, letter is a string of ‘A’ and ‘\0’.
Chapter 3
*P79: cin >> reading a character or a stream of keyboard inputs. It is a streaming Object for keyboard
    Reading function.
    -P81: Reading multiple lines with space in between: int length, width; cin >> length >> width;
*For array int Ar[] = {1,2,3,4,5}; have to use for loop to read and write one by one.
    -P83: Be careful the order of reading. If you declare int whole; float fraction; and char letter; Use   
          cin>>whole>>fraction>>letter but you enter wrong kind like 5.7, 4, b and hit ENTER, they are
          store in keyboard buffer as shown:
[image: C:\Users\alanr\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Keyboard buffer.jpg]
        The moment you hit ENTER, the 5 is loaded into variable whole. It ignore the decimal and  read 7 into 
         fraction. It will skip the space and read 4 into letter. b is left in the buffer after that.

 *P84: cin can read a string as input and store in memory as C-String character array. It read until white
   space or Enter. eg. char Cw[51]; cin >> Cw; You enter “This is a test”. Cout << Cw only read out “This” and
   stop as it encounter white space and cin stop. To read complete sentence, use cin.getline(Cw, 51);

*P90: Operators +, -, *,  /, %  are add, subtract, multiply, divide and Modulo Divide resp. Example:
         int num1 = 22, num2 =5;	addnums = num1 + num2; 	subtractNums = num1 – num2; 
         multiplyNums = num1 * num2;	divideNums = num1 / num2;	moduleNums = num1 % num2; 
*Size of the inbuilt variable in bytes
	bool:	1	uchar:	1	char:	1	unsigned short int:	2	short int:		2		unsigned long int:	4	long:	4	int:			4	unsigned long long:	8		long long:		8	float:	4 	unsigned int:		4	double:		8
	2 bytes = 65,535	4 bytes = 4,294,967,295 	8 bytes = 18,446,744,073,709,551,615

*P92: pow(a, b) = a^b. Need #include <cmath> header. Eg area = pi * pow(r, 2).
*P96: When +, -, *, /, % operators’ operand is of different kind like int, float etc. There is a rank where the 
    lower ranking ones are “promoted” to the higher ranking ones. The ranking are:
    long double—double—float—unsigned long—long—unsigned int—int where long double is highest.
*Integer division always gives integer 15/6=2. Want to get the true result, 15.0/6=2.5.
*P98: Overflow and Underflow. If the variable is set to 16bit (unsigned short int), and put number 32767 in.
    That’s the max, +1 will overflow and wrap around to -32768. -1 from -32768 will underflow to 32767 again.


*P100 static_cast<DataType>(name) where DataType is int, float etc. name is variable or literal. Static_cast 
   convert name to DataType. static_cast<char>(number) change a number into char, eg 65 to ‘A’.

*P109: Compound Assignment Operator.
     x += y  x = x + y     x *= y  x = x * y       x  /=  y x = x/y     x  %=  y  x = x % y     x <<= y x = x <<y     
     x  >>= y  x = x >> y    x +=5  x=x+5      c %=3c=c%3    z  +=b+5z=z+b+5      z *=10-cz=z*(10-c)
    num1 &= num2  num1 = num1 & num2                 num1 |= num2  num1 = num1 | num2;          
     num1 ^= num2  num1 = num1 ^ num2
Formating cout :
*P113: setw(width)<<num1 For num. Set right justified width for num1. Requires #include<iomanip>
      But if number is bigger than setw(), it will overrule setw() and display the whole number.
      It help to line up columns for cout for smaller numbers. 
      P122 For char,  cin >> setw(5)name will limit the name to be 4 characters( +’\n’). 
*setw() only work on the number or character that follow ONE TIME ONLY. 
*P115: setprecision(number of digits): num = 4.91877; cout << setprecision() << num;
       (5) 4.9188, (4) 4.919, (3) 4.92, (2) 4.9, (1) 5.
       Set ONCE, if will be in effect until set again.
*P117: fixed prevent from going to 1.45 e+2, keep display to 145. It will be in effect until changed.
      Setprecision(2) << fixed together will set numbers limited to 2 decimals. 123.4567123.46.
*P119: showpoint adding 0 on the right. left & right for moving number to left or right.

cin.getline,   cin.get and   cin.ignore function.
*P123:C-string: cin.getline(Cw, size); For char Cw[]. will write the whole sentence into Cw and cout << Cw 
      will  give  “This is a test”. C-string  up to (size – 1).
*P125: cin.ignore(n, c) For c-string.  to skip n number of characters or until character c is encountered.
*If enter char to num,  int num; if (!(cin >> num)){cin.clear();cin.ignore(100,’\n’);} to clear100 the char
   Or see a “return”. Be careful, if put ignore(100), you have to hit return 100 times to get out!!

*for strings:  getline(cin, Str) for string str only.
*P124: cin.get(Key): For a char. Normal cin >> Key cannot read ENTER(‘\n’ or 10). cin.get can read ENTER. 
  char ch; ch = cin.get(); or cin.get(ch);  Can also use for char Ar[]. cin.get(Ar, size) this can read space.

*P127: More math functions:
	abs(x)		cos(x)		exp(x)		log(x) is ln(x)	log10(x)	sin(x)		tan(x)
	sqrt(x)		fmod(x, z) this is remainder in double of int x/z.
*P129: rand(num1) to put a random number into num1;
*P137 For files fstream, ifstream and ofstream, see Chapter 12.



Chapter 4
*P160: Compare numbers or (int, float etc.) variables using <, >, <=, >=, ==, !=. This return binary 1 or 0.
        z = x < y    tells you z is Boolean, z = 1 if x<y,   z=0 if x >=y. cout << z << endl; gives you 1 or 0.
        P572: comparing strings using operators just like above. 
String S1 = ”ABC”, S2 = ”DEF”; (S1 >= S2) = 0 false. One can do name sorting using this.
*P177: if(boolean true) {program lines;} else { lines;}
*P187: if(num<70){}  else if(num<80){} else if(num<90){}….else{};
	Can break out of the program by return;
* P195: Logical Operations NOT, AND, OR, XOR with symbols !, &&, ||,  . It is a logic function.
	Input are only True or false( 1 or 0) BOOLEAN function, not for BITWISE operations.
*P210: strcmp(string1, string2) compare two C-Strings. Return 0 if equal, -ve if string1<string2.
	+ve if string1>string2.
*P215: x < 0 ? y = 10 : z = 20 == if (x < 0) y = 10; else z = 20;

*P218: switch(selection)  case(0):{…break;}  case(1):{….break;}   case(2):{…..break;}   default:{}
	selection can be char but cannot be conditional statement. default is for all case failed.
	Both break and default are optional.
*Chapter 4 program Switch-case: Use cin. Default for invalid entry.
do{ cout << " Enter either a, r, s, d or q: "; cin >> choice;
    switch (choice)
	{ case 'a': cout << " you chose a."; break;
	  case 'r': cout << " you chose r."; break;
	  case 's': cout << " you chose s."; break;
	  case 'd': cout << " you chose d."; break;
	  case 'q': cout << " you chose q."; break;
	  default: cout << " Not a choice."; }
    cout << "\n\n Want to do it again? "; cin >> more; cout << endl;
  } while (more == tolower('y'));
*P227 For files fstream, ifstream and ofstream, see Chapter 12.


Chapter 5
*P243: Operator to Increment(++) and Decrement(--): There are 2 type: Prefix: ++x or Postfix x--
      x=1, y=x++y=1, x=2; Where y=x first and then x=x+1; y=++xy=2, x=2; x=x+1 then y=x.
      a=2, b=5, c=a*b++c=10, b=6; a*++bb=6, c=12. You cannot do c=++(a*b).

*P247: while(conditions){…..read condition} It is a Pretest loop that test before entering. Then test to 
      to repeat the loop. If condition doesn’t meet, it will have no iteration.
*P257: do { ….;}  while(condition);    This is posttest loop.
*P262: for(initialization; test; update) {…;} eg. For(x=1, x<=10, x++). The three expression separated by(;).
        P267: For(a=2; a<=10; a+=2) {…;} to increment 2.     P269: For(x=1,y=1; x<=5; x++,y++){…;}   
*P581 for can go in decrement or even jump a few. for(x = dp - 3; x > 0; x -= 3)
*P275: Sentinels that marks the end of a list of values.
*P277:Files, see chapter 12.

Using while loop to read until end of stream  while(infile >> num){}; This statement test valid read
  and read data at the same time.
*P282: break Statement: Break out of the loop.
     do { cin.get(test); Buf = test;  if (test  == ’\n’) break; cout << Buf; } while(Buf !=’\n’);
*P284: continue Statement: continue statement causes the loop to stop and go back to the just before 
       entering the loop and start all over again. The lines in the loop after the continue will be ignored. eg.
       while(test<10) { if (test ==4) continue; cout << test;}. When test==4 is true, it skip cout <<test and 
       jump back to while(test<10) and run again.
Chapter 6 function
* Function is a collection of statements that performs a specific task. It has it’s own data, local variables, 
   constants just like main(). main() calls functions to do a task and can return data back to main.
*P299: Function defined: Type name (parameters){} eg. int inNum ( int x); no ’ ; ‘ after (parameters).

*P307: To put the function after  main().Declare after #include.Function Prototype: void inNum (int). 
     Make sure  to put ‘;’ after the parameters. Don’t have to put the variable names. Then int main(){}
     After main, void inNum(int x){ body of function};

* P314: The calling function can pass data to the called function. The calling function with int parameters,
     ( a, b). The called function can use own names like (int x, inty) to match name (a, b) in the calling function
     as long as they are all the same datatype. This is because a, b and x, y are store in separate  memory 
     location, the value  of a, b just copy into x, y of the called function.
*P320: return; in called function will exit back to the calling function and ignore the lines after the return.
*P322: Called function inNum() can return a value. Put return result in the last line, the calling function use
    variable = inNum() to get result from the called function. P330: function can return Boolean.



*P333: Avoid declare Global variables (between  #include and main()) because anyone can change it. Each  
      function can have Local variables only the function can change and won’t affect others even having 
      the same name.

*P340: Static Local Variables: The values of all the variables inside a Function are destroyed after it returned
     back to the calling function. So the next time being called, everything starts all over again. Eg.
     void exp(){int num  = 5; num  =  99; return num;}. num returned is 99. But when exp() is called again it 
     goes back to num=5. If you want the called function to “Remember” the value of num, declare 
     static int num; in the function. Even if void exp(){int num =5; ……}, num=99 at the start. int num =5
    at the beginning of exp() will not over ride.
*P344: Default Argument: You can declare prototype void showArea(int = 20, int = 10); then function:
    void showArea(int length, int width){}; If you call showArea(), it will use (20,10). If you call
    showArea(5); then it will replace 20 with 5. The second value is still 10.

*P346: Reference Variables as Parameters: Normal parameters used in calling function is just copying into
       the local variables of the called function. When the called function change it’s local variables, it won’t
       affect the variable in the calling function. If you want the called function to change the variable of the 
       calling function, declare the particular variable as Reference Variables. It cannot be constants, literals.
   - void getNum( int, int&); Reference variable has ‘&’. Calling function:  int main(){int x,y;.. getNum(x, y);…}
       no &. Called function: void getNum(int num1, int &num2){…;} to specify num2 is Reference var.
       for reference variables, it doesn’t copy to the local variable of function, just address of variable of the
       calling function (y in this case). Changing num2 in function change y in main().

*P402: Passing array to function: prototype: void af(int[], int); Then: main(){…af(numAr, size);.} 
        void af(int num[], y){}. Notice num[] is empty inside []? Num is NOT array. It is  the
        address of numAr[0]. When array is passed to function, it’s not passing data, it’s passing by reference.
        There’s only one numAr[]. Function can change numAr[] in main().
     -Passing char array: Same. : void ca(char []); main(){…ca(chAr);..}; void ca(char chAr[]){}.
*When passing by reference,yYou  CANNOT do sizeof(num) or sizeof(numAr[0]) in function. 
    It returns the size of the address.

*Passing vector to function as reference: 
   void  Fn( vector<int>[ ] );   main( ) {..Fn(SA)…}      void Fn( vector<int> &Av ) { }
*P356: exit( ) To stop program in a called function:   put exit( ) in the called function.
*P359: Stubs: 


Chapter 7 Array
*P392: Ar[] is array. Ar (without [ ]) is address of the 1st  element of Ar[ ].
*sizeof(Ar) for length in bytes.  size = sizeof(Ar)/sizeof(Ar[0]); to get # of elements.
Array of numbers:
*P374: int hr[6]; declare 6 elements array of int. hr[0] to hr[5]. Size has to be a const or literal, not variable. 
*P375: Using Subscript to specify the specific element: hr[0] subscript point to first element. Subscript can be 
   a variable, eg for(int cnt = 0; cnt<6; cnt++) cin >> hr[cnt]; to read all 6. hr[3]=30 to write 30 to 4th element. 
*Have to use. for(int cnt = 0; cnt<sizeof(hr)/sizeof(hr[0]; cnt++) cin >> hr[cnt]; to read array of numbers.
*P382: No Bounds Checking in C++. You can write out of boundary of array and cause trouble.
 *P385:Array Initialization: Int myNumbers[5] = {0} will create an int array of 5 elements all contain 0.. 
*P388: int num[] = {1,2,3,4} initialize array int num[4] automatically.
*P387: Partial Initialization: int num[7] = {1,2,4}; initialize first 3 elements, the rest automatically set to 0.
*P388: You cannot initialize array that skip elements. int array[5]={1, ,3, ,5} not allow.
Array of char and C-string:
*P389: Array of strings: char m[] = ”Holly” declares a 6 element, m[5] is \n. cout <<nm; display Holly.
    -char charArr[5] = {‘\0’} declare 5 elements array fill with null. It is a 5 element of C-Style string also
    -char charArr[] = “ABCD” declares 5 element array as char charArr[] = {‘A’, ’B’, ’C’, ’D’, ‘\0’}
    -char charArr[] = “This is a long array” declare a char array of 20, length of all the letters + ‘\0’.
*P390: Processing Array Content:  cout << ar[x]++; will display the value in ar[x] then arr[x]= ar[x]+1.
*P392: charArr[] is array. charArr without [] is address. Cout <<charArr; display the 1st element’s address.
*P393: Read out char array in whole: cout << chArr << endl; or one char at a time: cout << chrArr[0] << endl;
    - (int, float, double etc.) array has to be read one element at a time.
Passing Array to Function:
*P402: Passing array to function: prototype: void af(int[], int); Then: main(){…af(numAr, size);.} 
      Function: void af(int num[], y){}. Notice num[] is empty inside []? It is the address of the 1st element of
        Num[]. When array passed to function, it’s not data, it’s passing address, called pass by reference.
      There’s only one num[] in the program. Called Function can change num[] in main().
     -Passing char array: Same. : void ca(char []); main(){…ca(chAr);..}; Function: void ca(char chAr[]){}.
*You  CANNOT do sizeof(num) or sizeof(num[0]) to get size in the function. It returns the size of the address.

*P412: 2D array: int TD[rows][col]; eg int TD[3][4].  Cin>>TD[1][2] and TD[1][2] = y to write to TD[1][2].
      Cout<<TD[1][2] and x=TD[1][2] to read from it. 
*P416: Passing 2D array to function: Same as 1D case where changing the contents in the called function 
     will change the contents of the calling function. Important: You MUST specify the number of COLS.
   - int c = 3; void Mo(int Ar[][c]); in main(){… Mo(array[][c])…}. Function: void Mo(int DA[][c]){….}.
*P420: 2D array of Strings: Strings are stored in 1D char array, so Array of Stings should be 2D.
   -const int R = 4,C = 10; char Ar[R][C] = {{“Al”}, {“Paul”}, {“John”}, {“Rob”}}; each name is a row R.
   -for(int I = 0; I < R;  i++) {cout << Ar[i];}


Vectors/dynamic array:
*P425: Vector: holds a sequence of elements store in contiguous memory locations. Use array type 
     Subscripts [] to read or write to each element in vector. X = dyn [3], dyn[3] = y for r/w to the 4th element.
*P426: Defining vector: need #include <vector>, in main():vector<int>dynAr (3); for vector of 3 elements.
   -vector<float> vec1; define empty vector of floats.            -Vector<int>vec2(15); 15 elements of int.
   -vector<char>ch(5,‘A’) 5 elements char vector with ‘A’.    -vector<int>vc(5, 2) 5 elements vector with 2.
   -vector<int>V1(V2)initialize V1 as vector of int. All the elements of vector V2 are copied to V1.
   -vector<int>num; num =  {1, 2, 3, 4, 5}; or vector<int>num  =  {1, 2, 3, 4, 5};
* vector of string: vector<string >name = {“Alan”,“John”,“Joe,“Nancy”};
   Name[0] = ”Alan”.
*vector of struct:Chapter 7 program Vector length.   struct Directory{ char name[25] ;	int phone;};
      int main(){    char more;    Directory Info;    vector<Directory>IVar;    int count = 0;
	do { cout << setw(21)  <<  left << " Enter name:  ";    cin.getline(Info.name,25);    cout << endl;
	        cout  <<  setw(21) << left << " Enter phone:  ";      cin >> Info.phone;     cout << "\n\n";
	        IVar.push_back(Info); count++;   cout << " Type 'y' if You want to enter more  ";
                     cin >> more;	cin.ignore();    } while (tolower(more) == 'y');return 0;}

*Passing vector to function as reference: make sure size of vector SA is defined by constant or variable.
      void PassV(vector<int>&); main(){..PassV(V1);…..}//vector V1
      void PassV(vector<int>&Av){….}//function PassV
*P429: Don’t need size, increase size by dyn.push_back(new value); See program7.23.
   -vector<int>dyn;  int x = 3;   dyn.push_back(x);  x = x + 1;  dyn.push_back(x);……
*P431: To read the size of vector dyn: x = dyn.size(); size is number of elements.    
*Size of each element in bytes is sizeof(dyn[0]);
*P432: To remove last element, dyn.pop_back().
*P433: To clear all contents of a vector: dyn.clear();       
*P436: dyn.at(element) to read the element. x = dyn.at(5) read the 6th element to x.

*   Programmable length array setting a constant as a function and put it in the array definition:
        constexpr int Square( int number) {return number * number}// defining the constant as function;
        const int ARRAY_LENGTH = 5; //setting a number constant

Chapter 8 Sorting etc.
*P454: Binary Search: Requires array in order.
     1) Compare the value with the middle element, if it is equal, you found it. If value > middle element, you
          just sort the bottom half, else sort the top half.
     2) Compare the value to the middle element of the half and repeat (1). Now size reduced to ¼.
     3) Compare the value to the middle element of the quarter and on and on until either finding or no match.
    - sizeof(myNum) for length in bytes.  size = sizeof(myNum)/sizeof(myNum[0]); to get # of elements.


Chapter 9  Pointers
*P492: Put &x to return the address of the first byte of the variable. y = &x => y = address of x.
*Passing Array to function: void func(int Ar[]),is passing address of Ar[0], when function changes the content,  
   it change the content of the original array Ar[].
*P496: Pointer initization: Has to be type variable pointing to type*pt, float*pt, double*pt, const int*pt etc.
   - pt is the pointer variable it can only be an address. pt = &x. *pt = 100 => x = 100. *pt *= 2, *pt+ = 100..
   ’*’ is called DEREFERENCE operator: *pt gives you the content of x. *pt = x.
*Access via pointer is call. INDIRECTION. 
*P500: int Ar[]; ptr = Ar as Ar is address of Ar[0].   Ptr = Ar;   *(ptr+1) = Ar[1];   *(ptr + 3 )= Ar[3];
*P502:Dereference *Ar = Ar[0];  *(Ar+1) = Ar[1]; *(Ar + 3) = Ar[3]; number inside is number of the element.
*S26:String pointer: string St1, St2 = “Alan”; string*spt; spt =  &St2; St1 = *spt; cout << St1; print “Alan”.
*P505:Pointer Arithmatic: char, int, long are 1, 4, 8 byte long resp. Let pChar = pInt = pLong = 0x1000,
  When doing increment like (ptr+index),  (pChar + 1) = 0x1001; (pInt + 1) = 0x1004; (pLong + 1) = 0x1008.

*P512: pointer of array to function: array Ar[], Ar is the address of A[0], Ar is the pointer to array Ar[].
   -eg.  void func(int*);main{func(Ar)} void func(int*ptr){}. Note: Ar is address of A[0].
*P507: Comparing two pointers: Use >, <, ==, !=, >=, <= eg. if(&Ar[1]>&Ar[0]), if (Ar == &Ar[0]), 
*P514: const type *rate points to a constant. The variable pointed cannot be changed.
*P516: Constant Pointer: type *const ptr; ptr cannot be change, but content it points to can.
*string*ptr allocate Dynamic Memory: string St1 = “Alan”; int length = St1.length();
  string* ptr;ptr = new string[length]; cout << *ptr; gives Alan.
*ptr = 5. When pass to fn(), *ptr dereference ptr to point to 1st element=> *pt+2 points to 3rd element.

* pointer to pointer: type**ptr = NULL; This initializes to NULL. pptr is a pointer-to-pointer.
  -*ptr is dereferencing ptr = address of variable it’s pointing to. *ptr = &var  
  -**ptr is dereference pptr twice. **ptr = var. **ptr = *(*ptr) = *(&var) = var.
  -void fn(int**); main(){int*ptr;Ar[]={1,3,5,7}; ptr = Ar;  fn(&ptr); cout<<*ptr;} void fn(int**pt){*pt + 2}
  *To pass back pointer from function to main, have to use Pointer to Pointer, Pointer won’t pass back.
*Pass pointer to function to modify x: void fn(int**); main(){fn(&x)..;} void fn(int**pt){**pt = 100;}.
  - Catch is you have to pass the variable as parameter, or else the variable is destroyed when exit function.
Dynamic memory
*P518: Dynamic memory allocation: Program request-->computer gives a chunk of memory.
  -start allocation by declaring pointer type*iptr = new type[100] for 100 elements memory.
  -type can be int, char etc. Can be ADT eg. struct Str{int x; char Ar[21];}; Str *stpr;  sptr = new Str[size];
  -cin.getline((*sptr).Ar,sizeof(Ar)/sizeof(Ar[0]). To read c-string into Ar[].
*P519: Check for fail in memory request: if(iptr==NULL) =>fail in request. Iptr points to address 0.
*P520: When done with memory, release it: for single delete iptr; For multiple delete[] iptr;
*
*Dynamic memory allocation for array in function: void func(int**);Accepting a pointer to pointer.
    main(){int*ptr=NULL;func(&ptr);return pointer from function.. delete[] ptr;} passing address ptr. 
   -void func(int**pAr){int*Ar;  Ar = new int[]; *pAr = Ar;}with int**pAr, address pass back to main.


*
*Passing ptr for Dynamic mem from function: Chapter 11: Program Dyn memory pointer nest struct func: 
     See picture below.  void getMem(string**); 
  int main(){string St1; string *sptr; getline(cin, St1)//Paul;
  sptr = &St1 //sptr=address St1; getMem(&sptr)//passing address spt; cout  << *sptr//Alan;
     cout << st1//Alan;  delete[]sptr;}  void getMen(string **mptr){string St2;  St2 = **mptr//St2=St1; 
     cout << St2//Paul;  St2 = ”Alan”; **mptr = St2//*mptr = &St1;} return from function, “Alan” is in  St1.

*1) show address of sptr(&sptr)=0x00CFFD6C, content in address(sptr)is 0x00FFD78 is address of St1. 
    Content in St1 is “Paul.
*2) Show address of mmpt(&mmpt) is 0x00CFFC28, content in address(mmpt) is 0x00F84E2C is the
    address of the start of Dynamic allocated memory. It is used to allocate memory.
*3) mptr is pt to pt, *mptr is address of pointer. It was pointing to St1 in main when passing to getMem. 
     The content of memPt(start address of memory) is copied to *mptr. Now *mptr points to the memory.
*4) When return to main, sptr is pointing to memory, not to St1, content of St1(Paul) remains.

*Passing pointer as reference: For array: void func(int*&); main(){..func(ptr)..} void(int*&pptr){pptr = Ar..}
*P522: Return pointers from function: declare int*func(parameters); last line return ptr;
   -Note that if ptr points to a local variable in function, it will be destroyed when exiting function. Need to
     point to a reference variable passed into function. OK to point to array Ar[] as Ar is address to Ar[0].
*P532: Array of pointers: type*Ar[size]. Just treat each a pointers.



Chapter 10  Characters, Strings and String Class
*p542: Test char and return T or F. Need #include <cctupe>. Following are function for testing:
  Isalpha	a,b,A,B		isalnum    a,b,A,B,1,2		isdigit	    1,2    	  islower      a,b		       
  Isupper    A,B		isprint	   printable char	Isspace       ‘  ‘, ’v’, ’\t’. ’\n’	toupper     a->A
  tolower	A->a		 ispunct	printable except digit, letter or space.
  - char more;    if(tolower(more)==’y’){..};
*P548: C-String: variable string of char stored in char array in consecutive memory and end with ‘\0’.
*P549: String Literal: String of constant char with b. Eg. “What is your name?” the last char is ‘\0’.
*P550:C-String: Ar[size]: cin.get(Ar,size);char Ar[size]={‘\0’};cin.get(Ar,size);cout <<Ar;
 - You have to specify length + 1 for ‘\0’. 20 => 19 characters(include space) + ‘\0’.
*cin.getline(cstring, size), make sure put cin.ignore() if the last read is cin >>. Do NOT put cin.ignore()
   If the last one is cin.getline(). It will hung the program.

*P551:Library functions for C-Strings, need #include <cstring>:
  -strlen: length of string up to first but not include ‘\0’. char nm[50] = ”Tom Edison”; L=strlen(nm); L = 3.
  - strncat_s(St1, size1, St2, size2): add str2 to end of str1 without space. St1 is destination, St2 is source. 
    Size1 is the max of St1, size2 is max number of char from St2 to add to St1.eg.:  int size1 = 20, size2 = 3;
    char St1=”This is a “, St2 = “long test”; strncat_s(St1,size1,St2,size2)=”This is a lon”.
  - strncpy_s(St1, size1, St2, size2): St1 is destination, St2 is source. Size1 is the max of St1, size2 is max 
    number of char from St2 to add to St1.eg.:  int size1 = 20, size2 = 3;
    char St1=”This is a “, St2 = “long test”; strncat_s(St1,size1,St2,size2)=”This is a lon”.
  -strncmp:  strcmp(St1, St2, size); size is the FIRST number of characters to compare.
     if St1==St2 return 0; if St2>St1 return –ve. If St1>St2 return +ve number.
     St1 = “chang”; St2 = “chen”; strncmp (St1, St2, 2) = 0; strncmp( St1, St2, 3) = -ve.
  -strstr: Search for a string inside a string. Uses a pointer to point to the address the string found within the 
   string. Char*ptr; char Ar[]=”Four score seven years ago”; ptr = strstr(Ar,”seven”); cout << ptr;
   gives “sever years ago”. If fail to find, ptr point to NULL.
*P125: cin.ignore(n,c) For char.  to skip n number of characters or until character c is encountered.

*Declare and copy c-sting:   const int size = 25;    char name1[size], name2[size] ;
    You cannot write name2[size] =“alan” . You have to write Strncpy_s(name2, size, “alan”, size)
    Strncpy_s(name1, size, name2, size) will copy “alan” into name1 with spare. Important for array of c-string. 

*To pass a LITERAL c-string as parameter, has to pass as (const char*desc). Literal string is like “alan”doesn't
     have type char*. It implicitly has type const char*, it  makes no sense to change value of a literal string.
     You can't pass a const char* to a function that declares a parameter to be char*. Without specifying const,
     it signals to the compiler that the function might change the value of the parameter.
   -class A{A(const char*desc){}; main(){ A a(“alan”);…} This will pass literal “alan” to object a to Constructor.

*P559: String/Numeric conversion function, need #include <cstdlib>.
  -atoi: take C-String as argument, convert to int and return value. char Ar[20];int x =  atoi(Ar);
  -atol: convert to long int and return.
  -atof: convert C-string to double or float and return.
  -itoa: convert int to C-String. Not supported by all compilers.


Chapter 10 cont  String Class
*P570: string St1; getline(cin, St1); just type a sentence and ENTER. Need #include <string>
*S26:String pointer: string St1, St2 = “Alan”; string*spt; spt =  &St2; St1 = *spt; cout << St1; print “Alan”.

*Passing string ptr to and back from function:  void getMem(string**); 
 int main(){string St1; string *sptr; getline(cin, St1)//Paul;
 sptr = &St1 //sptr=address St1; getMem(&sptr)//passing address spt; cout  << *sptr//Alan;
   cout << st1//Alan;  delete[]sptr;}  void getMen(string **mptr){string St2;  St2 = **mptr//St2=St1; 
   cout << St2//Paul;  St2 = ”Alan”; **mptr = St2//*mptr = &St1;} return from function, “Alan” is in  St1.
 
*From file to string: fstream file; file.open(filename); getline(file,St1); Str.append(St1);
  - Comparing two strings: Use >, <, ==, !=, >=, <=   eg.  string St1=”ABC”, St2=”ABD”; St2 > St1.
  -String contcatenate St1+St2=”ABCABD”

*P578:Member function for Strings class: See complete listing in the book.
  -St1.append(St2): St1= St1 + St2; Copy St2 to end of St1.
  -St1.append(St2, n): copy n char of St2 to end of St1.
  - St1.append(St2, x, n): copy n char of St2 to end of St1 starting at position x.
  - St1.assign(St2, n):copy first n char of St2 to St1.
  - St1.assign(St2): copy St2 into St1. St1 =  St2, Ar[], “Alan”
  -St1.at(x): return char at position x of St1.
  -St1.c_str():
  -St1.capacity():return size of storage allocated for the string.
  -St1.clear(): delete all characters in St1.
  -St1.compare(St2): See cht4
  -St1.compare(x, n, St2):
  - St1.copy(St2, x, n): doesn’t work
  - St1.copy(x, n): insert x at n. First char is n=0. x can be “,”, “Hello”, St2 string, Ar[].
  - St1.empty():Return true if St1 is empty.
  -St1.end():Return iterator pointing to last char of St1.
  -St1.erase(x, n): Erases n char from St1 starting at position x.
  -St1.find(St2, x): Return first position at or beyond position x where St2 is found. St2= St2, Ar[], “Alan”.
  -St1.find(‘z’, x): find char ‘z’ at or after position x.
  -St1.insert(x, n, ‘z’):
  -St1.insert(x, St2): insert St2 in position x starting at 0. St2 can be  Ar[],  “Alan”,   “,”,  
  -St1.length(): number of char.
  -St1.replace(x, n, St2):
  -St1.size(): number of char.
  -St1.swap(St2): Swap contents between them.




Chapter 11 Structure
*P590:Primitive Data type: int, double, char etc. are primitive data type. Each has their specific operation
   that can be performed on. <, >, <=, >=, ==, !=, +, -, *, /, 
*Instance: int, char are primitive data type, int x=1, y=2; are instance of data type int.

*P591:Abstract Data type ADTs: Created by programmer composed of one or more primitive data types 
   and specify operations that can work on them. Structure is example. struct nm; is same as int x;
   where int x is primitive data type, struct nm is ADT type.
   -Each ADT struct has it’s own primitive types eg. struct Time{int hour; int minutes; int seconds;};
   -struct PayRoll{int empNum; char name[size]; double hours};

*To get size of each structure: See program 12.15. struct A; sizeof(A); In bytes

*P594:struct contain Structure member eg. int empNum, char name are Member Variable.
*P594: DOT operator used to access members eg. PayRoll.empNum = 475; Can use operators for the type.
*P600:Initialization: struct Time{int hour; int minutes; int seconds;}; initialize: Time wallClock = {4, 30, 0};
-Can partial initialize, but cannot skip eg. Time wallClock = {4,   , 0}; is NOT GOOD skipping minutes.

*P604:Array of structures: Can define as array like any primitive char Ar[5] eg. int num = 3;//array of 4
  -struct PayInfo{int hours; double payRate}; main(){PayInfo workers[num];…..  cin >> workers[0].hours; 
    cin >> workers[1].payRate;}. PayInfo workers[num] declares an array of structure.
*P606: Initialization of Structure Array: PayInfo workers[num] = {{10, 9.75},{15, 8.62},{20, 10.50}};

*P607:Nested Structures: struct measure{int ft;  int inch};  struct Body{measure height;  int weight};
   Main(){Body built;  cin << built.height.ft;   cin << built.height.inch;   cin << built.weight;

*P610: pass Structures to Function normal and by reference: See program 11.7. 
     struct invItem{int pn; char desc[21];}  void getItem(invItem&); void showItem(invItem);
     int main(){invItem part; getItem(part); showItem(part); return 0}//getItem is pass by reference.
     void getItem(invItem &p){cin >> p.pn;…..} void showItem(invItem p){};//showItem normal passing

*P616:  Pointer to Structures: ptr->radius = 10;      struct Circle{double radius; double area;};
     int main(){Circle c; Circle*ptr; ptr = &c;…}  Circle*ptr declare pointer of Circle. But *ptr.radius = 10
     is Wrong because “.” Takes precedent to indirection *, thereby *ptr.radius == *(ptr.radius). 
     Use ptr->radius = 10.-> called structure pointer operator. 
     ptr->radius is the same as (*ptr).radius = c.radius.

*P619: Pointer to structure that contain pointer as member: See “Alan passing nested structure into
     Function”:  struct test{int x; int*pt};  int main(){int y; test t = {15,&y}; test*stpt; stpt = &t…}
      stpt is struct pointer to t, pt=&y. (*stpt).pt = stpt->pt = &y. *stpt -> pt =  *(stpt -> pt)=*((*stpt).pt)=y.
      is dereference pt to get y.
* Pointer to structure that contain pointer as member to function:  struct test{int x; int*pt};
     void getMember(test*);    int main(){int y; test t ={15,&y}; test*stpt; stpt=&t; getMember(&t);…}
     getMember(test*fspt){}. *fspt->pt = y,  fspt->pt = &y.
*vector of s ct:Chapter 7 program Vector length. 
    bool mo;  struct empName{ string lastName;   string fstName;};
    struct Directory { empName name; int phone;}; int main(){ Directory Info; vector<Directory>IVar;
    do { getline(cin,  Info.name.lastName);….IVar.push_back(Info); cin.ignore();}while(tolower(mo)==’y’);  
    inti  = 0;  do{ cout << “Name#”<<(i+1) << ” is: “ << IVar[i].name.lastName;..  i++;}while(I < IVar.size());
    IVar.size()is number of elements.

*P618: Dynamic memory for structure in function by passing structure pointer: Use pointer to pointer
   struct test{int x; int y};  void getMember(test**);    int main(){ test *stpt;   getMember(&stpt);…}
  getMember(test** fspt){ test*Ar = new test;  (*Ar).x = 2;   (*Ar).y = 4;   *sfpt = Ar;}. 

*Dynamic memory for Nested Structure using pointer: see “Dyn memory pointer nest struct func”
  In this program we don’t define struct Info{}; Info information;  instead define struct pointer Info*sptr.
  struct Info{Body measure;….};   struct Body{Mea height,  int weight};   struct Mea{int feet, int inches};  
  void getMemory(Info**);   void getBody(Info*);  
  Int main(){Info*sptr; getMenory(&sptr); getBody(sptr)…}//sptr is point of struct  Info
  void getMemory(Info**sfpt){Info *Ar = new Info; *sfpt = Ar;}//Ar is pointer of Info to allocate memory
  void getBody(Info*getM){cin >>((*getM).measure.height.feet); cin >> ((*getM).measure.height.inches);}

*P621: Unions: Works like struct EXCEPT only use memory for the longest member variable. It work on 
  one member at a time and will not save the content when switch to another member. Use if() or switch
  to choose one member to work on and return the result, not on all the elements at the same time.
*P623: Anonymous Unions: Inside main() not global Struct or Union. You don’t need. Use t.x = 5; just x=5;

*Enumerated Data types: Programmer defined data type: enum TypeName {one or more enumerators};
  eg. enum Day {Mon, Tues, Wed, Thur, Fri}; Then declare Day workDay = Wed like int x = 5;
*P626: Compiler assigns integer values to enumerators start with 0, eg. Mon=0, Tue=1, Wed=2 etc.
  You cannot assign integer like workday = 3; workday=static_cast<day>(3) gives same as workday = Thur.
*P627: You cannot assign Mon =1, but you can do Day workday = Fri;  int x = workday, x = 4.
  -You can compare enumerators like Fri > Mon, if (Fri > Mon), if(Mon==0) etc.
*P628: Anonymous Enumerated types: enum{Mon, Tue, Wed, Thu, Fri};
*P629: Wrong day2=day+1, must be day2 = static_cast<day>(day1+1); where enum Day{day1, day2….}.
*P630: Wrong (workday = Mon; workday <= Fri; workday++). Where Day workday;
   Should be for(workday = Mon;workday <= Fri; workday = static_cast<Day>(workday+1)).



Chapter 12:   Review from Chapter 3 to 5 on files: revised 10/30/20
*P137: File input and output. Data are sequential. Needs #include<fstream> header file.
       that contains data type ifstream, ofstream and fstream that define Objects that link to the files.
      eg. ifstream  inFile;   inFile.open(“file.txt”); ofstream outFile; outFile.open(“file.txt”);
*P655: fstream inFile; inFile.open(“file.txt”, ios::in);   fstream outFile; outFile.open(“file.txt”, ios::out);
*After linking to file, operation on inFile and outFile will work on file.txt until infile.close() or outFile.close().
* To open files in other directory, open the directory to put file, copy the path, copy as shown
*P227: test for fail to open file:  inFile.open(file);  if (! inFile) {cout << “Error”;} OR  inFile.fail() OR 
    If (inFile.fail()) {cout << ”error”;}
*P656: Checking for file existence before open: fstream File; File.open(“file.txt”,ios::in); if(File.fail()), 
    The File does not exist. Use File.open(“file.txt”,ios::out) to create an empty file.
*save file somewhere else: outFile.open(“C:\\User\\alanr\\....\\inout files\\demofile.txt”);

Read/write std::string to and from file:see program 12.7.
*P655:Write std::string to file using <<:  outFile << will write space and new line(‘\n’). 
    outFile << “This is a test”;   string St = ” This is a test \n next”;   outFile << St; 
*P666: Read to string: inFile >> St1; St1 = “This”. It stop upon first space. Using while(inFile >> St1)
  { cout << St1 << “ “;} to put space,  or else it prints “Thisisatestnext”. All bunched together.
*There is no other direct way to write std::string to file, have to convert to c-string using c_str() function.
   -To convert string to c-string: const char*Cstr; Cstr = St.cstr(); outFile.write(Cstr, strlen(Cstr)); 
*getline(inFile, St1) read “This is a test” and stop at ‘\n’.
*Combine: int x = 25; outFile << St << “  “ << x << “ combine”; gives This is a test 25 combine.
   You can write multiple C-strings into file and it will just append to the end and write the new sentence.
Read/write c-string to and from file: see program 12.7.
*Write c-string  to  file using <<: char cAr[25] = “This is array test”;outFile << cAr. No need to loop.
*P666:Read:  inFile >> cRd; read “ This” stop at space and ‘\n’. Use while(inFile >>cRd){cout<<cRd<<” “;}
*c-string: char cAr[] = “This is a test”; outFile.write(cAr, sizeof(cAr));
* inFile.getline(cRd,25) read “This is array test”, stop at ‘\n’.   

Read/write numbers to and from file:
* Write numbers to file: space” “ between numbers. eg.  int x, y; dataF << x << “ “ << y; or else dataF >> z 
    give xy in one read. With space, it takes two reads: for(ind=0,ind<2;ind++) cout >> z >> “ “; to print x and y.
*Write  number array to file using <<: See Read file EOF in cpt5. ofstream  dataF;  int Iw[] = {0, 1, 2, 3, 4};  
     for ( ind = 0;   ind < (sizeof(Iw) / sizeof(Iw[0]); ind++) {dataF << Iw[ind] << “ “;}putting space between.
*P277: Using bool (dataF << Iw[ind]): int ind=0; while(dataF << Iw[ind]){ cout<<Iw[ind]<<” “; ind++;}
*Read number array from file using >>: ifstream dataF //Read same dataF from Write above. 
     int Ir[ sizeof(Iw) / sizeof(Iw[0]) ];  ind = 0;  do {dataF >> Iw[ind]; ind++} while(dataF.eof());

*P658: File output formatting: dataFile << fixed << setprecision(2) << setw(10); all can be used.
*P117:Need <iomanip>. fixed prevent from going to 1.45 e+2, keep display to 145. It will be in effect until 
     changed. Setprecision(2) << fixed together will set numbers limited to 2 decimals. 123.4567123.46.
*P119: showpoint adding 0 on the right.      *left & right for moving number to left or right.


Chapter 12 Advanced File Operations
*P652: fstream data type: fstream   dataF; Object dataFile needs 2 arguments:
   dataF.open(“filename”,File Access Flag); File Acess flags are:
     ios::app	Append mode. Write to end if file exist, keep old data. If not, create new file.
     ios::ate	
     ios::binary	Binary mode. Write or read in binary format.(default mode is text).   
     ios::in    	Input mode, read from file. If not exist, not create new file and return read FAILED.
     ios::out    	Output mode. Write to file. Old data deleted unless using ios::app.

*P653:fstream can use combination of ios::. dataF.open(“file”, ios::out |ios::in); for both in / output.
 *If you want to change any one piece of data in the file and leave the rest alone, use ios::in|ios::out
    Using ios::out alone will wipe the whole file.
*dataF.open(“file”, ios::out |ios::app); to write to end of old data, no data deleted.

* To save the whole file:   fstream file;  vector<string>vec;  char temp[L];  while(!file.eof())
   {file >>temp;  vec.push_back(temp);vec.push_back(“ “);}. But still won’t read delimiters.
*Another way: string str, str1;   while(!file.eof()) {getline(file, str1);   str.append(str1);}

*Important note, char Ar[];while(!file.eof()){file >> Ar; cout << Ar}, or {file.getline(Ar,size)} will NOT save
   the entire content of file into Ar[]. Only the last sentence is saved. Every write to Ar write over old data.

*P662:Pass fstream to Function: void func(fstream &);  int main(){fstream dataF; func(dataF);  dataF.close()} 
    void func(fstream& file){file.open(name, ios::in);}

*P663:Error testing: Stream objects contain bits to indicate state of the stream.
  ios::eofbit   set end of input		ios::failbit   set when fail	  ios::hardfail	unrecoverable error
  ios::badbit   invalid operation	ios::googbit   all good
*Function that return condition: dataFile.fail();
  .eof()      return true if eofbit.			.fail()       Return true if failbit or hardfail.
  .bad()	    Return true if badbit			.good()	     Return true if goodbit set.
  .clear()   Clear all flags if no argument, can specify.

*P670: get Member func: Read a single char from file: inFile.get(char); It can read white space.
*P671: put Member func: Write a single char to file: outFile.put(char);
*P673:Open and work in multiple files at the same time: fstream file1, file2, file3;  	



Binary files
*P675: Binary Files: Data NOT stored as ASCII. For number 1297, in ASCII, it’s 49-50-57-55-eof stored in .txt.
   In binary file, it’s store as 00000101-00010001 binary or 0x511 in Hex.
*Binary files: You need function .write and .read to write and read to binary files.

*P675: program 12.13. Writing char type to binary file: ofstream fileW; 
      fileW.open(“file.dat”, ios::out|ios::binary); file.write(address, size); address is the start address of
      variable to be written to file, eg. array cA[],file.write(cA, sizeof(cA)); int x, file.write(&x, sizeof(x));
      char data[]= {‘A’, ‘B’, ‘C’, ‘D’}; file (data, sizeof(data)) to write the whole array.
      Char cA[]=”This is a test”; file(cA, sizeof(cA)) to write the whole C-string.
*No need to loop to read/write.  fileR.read() and fileW.write() read and write the WHOLE array at once.
  eg. char Cw[] = ”This is a test”;   fileW.write(“file.dat”,  sizeof(Cw));  fileW << Cw; will write “This is a test”
    to file.dat.
 *Program 12.13 Read binary file: ifstream file; file.open(“file.dat”, ios::in|ios::binary);
     file.read(address, size); Description is same as Write above.

*Test for existence of file, if not create it: If the file does not exist, fstream file; file.open(“file”, ios::in…)
   Will return error and NOT creating the file. Use file.open(“file”, ios::out|ios::app) to create the file 
   Then file.close() right away to avoid disturbing the existing file if it exist.
reinterpret_cast<datatype>(value): to work with binary files.
*P678:reinterpret_cast<datatype>(value). First argument  <datatype> is data type to convert to, seconde 
    Argument value is value you are converting. In here <datatype> is char pointer, converting to char type.
*The following are examples of using reinterpret_cast:    int Ar[] =  {1, 2, 3, 4, 5};
  float *pFloat = reinterpret_cast<short*>(Ar)	double *pDouble = reinterpret_cast<double*>(Ar)
   Short *pShort = reinterpret_cast<short*>(Ar)	char *pChar = reinterpret_cast<char*>(Ar)
    eg. int Ar[]; char*ptr; ptr = reinterpret_cast<char*>(Ar); Ar is first address of Ar[].

*P679: Program 12.14. For binary files, read() and write() function, 1st argument must be a pointer 
     to a char. int num[]; file.write( reinterpret_cast<char*>(num), sizeof(num)/sizeof(num[0])  
     If second argument is int x:  use reinterpret_cast<char*>(&x).

*Program 12.15A. Be careful with do{..}while (file.eof()): Put first read before entering the loop.  
    file.read(reinterpret_cast<char*>(&person), sizeof(person));    do{ cout << person.name;  
    file.read(reinterpret_cast<char*>(&person), sizeof(person));  }while(!file.eof()); to prevent error reading.

*P505:Pointer Arithmatic: element of char, int, long are 1,4,8 byte resp. Let pChar = pInt = pLong = 0x1000,
  When using increment like (ptr+index):  (pChar + 1) = 0x1001;  (pInt + 1) = 0x1004;  (pLong + 1) = 0x1008.
*Be careful in reinterpret pointer types, when reinterpret different type(value) to char*,  
   char Cr[]; Cr[index] = *(pChar + index *sizeof(value)) as number occupied multiple memory byte location. 
   Like int, sizeof(integer) =  4. 


*eof() is not set upon reading the last element in file, only the next read set the eof() flag.
  See Program Experiment read eof in Chapter 12.
struct Directory { char lastName[25], firstName[25];int element;};
vector<Directory>DirV1, DirV2, DirV3;  fstream DirFile;
int main()
 { Directory Temp1, Temp2; bool endof;
   cout << " First read file:\n";
   DirFile.open("Directory.dat", std::ios::in | std::ios::binary);
//First read is correct because the if(DirFile.eof()) break out of the loop.
 while (!DirFile.eof())
  {DirFile.read(reinterpret_cast<char*>(&(Temp1)), sizeof(Temp1));
   if (DirFile.eof()){break;}//break out of the loop to stop extra push_back.
   DirV1.push_back(Temp1); endof = DirFile.eof();
   cout<<"Name is"<<Temp1.lastName<<" "<<Temp1.firstName<<"eof="<<endof<<"\n";}
 DirFile.close();
 cout << " \nNumber of elements if DirV1 = " << DirV1.size() << "\n\n\n";
//Second read will read the last element twice
 cout << " Second read file:\n";
 DirFile.open("Directory.dat", std::ios::in | std::ios::binary);
 while (!DirFile.eof())
  { DirFile.read(reinterpret_cast<char*>(&(Temp2)), sizeof(Temp2));   
    DirV2.push_back(Temp2);  endof = DirFile.eof();
    cout<<"Name is"<<Temp2.lastName<<" "<<Temp2.firstName<<"eof="<<endof<<"\n";}
 DirFile.close();
 cout << "Number of elements if DirV2 ="<<DirV2.size()<<"\n\n";
 return 0; }


Random-Access Files program 12.17
*P685:File stream objects have two member functions to move read/write position to any byte in the file:
   Seekp() and seekg()  as seek put and get for write and read resp.
*fstream file; file.read(“name”, ios::in); file.seekg(offset, ios:position): offset are in bytes.
    Position can be beg for beginning of file, end for at end of file and cur for current position.

*Position = beg: First byte is byte 0. Offset = 1, 2, 4 is pointer moves to byte 1, 2 and 4 respectively.
*Be VERY careful, file.seekg(3,ios::beg) will point to byte 3. BUT if you do file.get(), pointer will point to
   byte 4 after file.get().
*Position = end: It points to the EOF byte after the last byte of file. File.seek(-1, ios::end) will give the 
   last byte of the file.
*Position = cur: It starts at current pointer position. Again, be careful, if you use file.get() type to read
   the content after the last .seekg , pointer will advance. Say the LAST file.seekg() operation result 
   in pointing to byte 5. If there was a file.get() type of read operation, the internal pointer will be pointing 
   to byte 6. So when you execute file.seekg( 3, ios::cur), you START at byte 6 and advance 3 to byte 9.
  
*P689:File stream objects have two more function tellp() and tellg() that return the byte number of the
    current position.

*P692: File for both iso::in | iso::out: If you use ofstream or fstream(“”, iso::out), when you write, it will 
   erase all old data. To change specific data, and preserve the rest, you need to using
    file.write(“name”, iso::in | iso::out).




Chapter 13 Classes
*P706: Object Oriented Programming(OOP) center creating Objects of Abstract Data Type(ADT).
*P708: Object is NOT a stand-alone program, it is used by programs that needs its service.
*Class: group all operations and data into one package. Called Encapsulation.
*P709: Class is code that specify the attributes(data) and member functions of an Object. A Class is 
    like a BLUEPRINT that objects are created from. Like Blueprint of house(Object). You build multiple
    houses with the same blueprint. Each house is an INSTANCE of the Class.  
*Object is self contained consists of Data called Atrributes and Procedure called Member Function.
*Encapsulation refers to the combining of data and code into a single Object.
*Only the member function inside the Object can directly work on it’s own data. External programs can
   only interface with member function of the Object, not directly with the data of Object.
*P712:Class similar to struct. But struct are all public, Class default private so outside program cannot
      change the data in the Class Object. You can categorize private or public.
*P712: Access Specifiers  Private:  Cannot be access by External program. Public:  interface with External.
     Remember ‘:’ after private and public. See below.
*Static and Instance(non-static) Variables: Class contain variables, those that have different value for
   different Objects of the Class are Instance. eg. Object of Class Employees have different  Object employee 
   of Class Employees, employee.name is a variable, each Object has different name(). This 
   variable is an instance. But total number of employees totEmp is the same for all Objects, it’s Static.
*P714: const with member functions. getW() const specifies the member function will not change 
   any data stored within the Object. const must also in the member function’s header. See below.
*P717: const for Accessor: double Rect::getW() const telling compiler to give error if you try to change
   the data in Object.
*P716: Accessors and Mutators: Member functions that get the value from member variables but not
     changing it is accessor. The ones that store or changing the value of member variables are mutator.
*P724: Pointers to Object, dynamic memory allocation: int main(){ Rect * recptr;   recptr = new Rect; 
      double num;    cin >> num;  ( *recptr ).setW(num);……delete recptr;   recptr = 0;}
*Create Class Specification file--Header file in VS: Like normal creating new project, when ADD new file,
    choose header .h file. Change name at bottom. FIG.1 is the Header File Rect.h:
		       #ifndef   Rect_H	#define  Rect_H
		   class Rect
			 {private:	double width;
		 	  public:
    External  ----->	void setW(double); //Mutator  function input width from external
    External  <-----	double getW() const; //Accessor  function, output  width to External
			};//Important to have ‘;’.
			#endif
					FIG.1 Rect.h Header file
*P731: #ifndef: See above: #ifndef Rect_H directive tells the preprocessor to see if the Rect_H
     Has not been previously created in some #define directive.
*If Rect_H constant has not be defined, #define  defines Rect_H  as shown above with private and public etc.


*P715:Defining Member Functions outside of header file:Class Rect; in header file:  
     In Implementation files: void Rect::setwidth(double w){…}; or in main(): Rect Rec; Rec::setwidth(w);
     :: is called SCOPE Resolution Operator. When Rect::  appears before name of function, it says
     the function is member of Rect Class. 
*Implementation file: Use .cpp, can be any name suitable. A program can use multiple files.
    -Implementation file is like a collection of member functions. You don’t need a main(){….}
    -Use #include “Rect.h” where Rect.h is the name of the Specification file.
    -In Implementation file define Class Rect as above. In Implementation all function has to be
       void Rect::func(){….} declare void, bool, int etc. follow by Rect:: before function name.
*P732: FIG.2 is Rect.cpp
#include "Rect.h" #include <iostream> #include <cstdlib> using namespace std;
void Rect::setW(double w)//Using Scope resolution operator ::
{if (w>=0) width = w; else {cout<<"Invalid width.\n\n"; exit(EXIT_FAILURE);} 
double Rect::getW() const	{return width;}
					FIG.2 Rect.cpp

* Adding all files together: in VS,  Project-->Add Class,  typed in Classname in the Class name.
     It will fill the names in .h and .cpp. Click OK and it will open a blank project with the empty files 
     Classname.h and Classname.cpp. Click each one and paste in the .h or .cpp, OR type it in.
*P735: Inline Member Functions: Function written inside Specification files(header file) are called inline
      function. See FIG.3 of Rect_H where getW() is inline function.
            #ifndef   Rect_H	#define   Rect_H
            class Rect { private:	double width;
                 public: void setW(double); double getW() const { return width;} };//inline function 
            #endif   		FIG.3 Inline function.
*In main(): Rect::Rec; to define Object Rec of Class Rect.
Constructors:
*P738: Constructors: It is a Member Function that has the same name as the Class. It is AUTAMICALLY
    CALLED when Object is created in memory. It is an INITIALIZATION routine that run at the very beginning,
    before anything, it doesn’t return a value.   FIG.4 RectConstr.h has Constructor Rect( ) declaration.
#ifndef   Rect_H	#define   Rect_H
class Rect  { private:	double width;
  public:  Rect();// Constructor declaration.
        	void setW(double); double getW() const { return width;} //inline function };
 #endif			FIG.4 RectConstr.h
*Constructor can be in either the Specification file in FIG.4 or Implementation file shown in FIG.5.
*P742: Default Constructor: Constructor that has NO argument. eg. Rectangle::Rectangle(). FIG.5  
 shows no argument inside ( ). The constructor set width and length to 0.0.
     #include "Rectangle.h"   #include <iostream>    #include <cstdlib>
     using namespace std;
 	Rect::Rect (){width=0.0; length=0.0;} //Declare Default Rect ( )
     void Rect::setW(double w){width = w;)}
			FIG.5 RectConstr.cpp with default constructor

*P743: Passing Arguments to Constructor: FIG.6 you can have to program initiate the value at
     the start of the program by entering w and len to the Constructor.
            #include "Rectangle.h" #include <iostream> #include <cstdlib>using namespace std;
             Rect::Rect (double w,  double len); {width = w, length = len); //Passing  Argument to Contructor
             void Rect::setW(double w){ width = w;}
					FIG.6 RectConstr.cpp
*P748: Using Default Arguments in Constructor: Have arguments program can change w, but default len = 5.
          #include "Rectangle.h"   #include <iostream>    #include <cstdlib>     using namespace std;
          Rect::Rect (double w, len = 5){width = w; length = len;}   void Rect::setW(double w){ width = w;}
					FIG.7 RectConstr.cpp
P754: Overload Constructors: Multiple functions can have the same name as long as their parameter
   list is different. Compiler can tell them apart.
*Program 13.12 uses 3 constructors: 1) InvItem()no parameter. 2) InvItem(char*desc). 
      3) InvItem(char*desc, double c, int u).
*In main() 13.12: Compiler assign item1(), item2(“Pliers”), item3(“Wrench”, 8.75, 20) to Constructors
     InvItem(), InvItem(char*desc), InvItem(char*desc, double c, int u) resp.
*Overload Constructor: exercise 13.12 with explanation: The program stepping through one line at a time. 
  The numbers with RED underscores are the steps. Follow the numbers to see how the program flow.
  jumping between invItem and main(). invItem is the Class(blueprint) that create Object item1, 2, 3.
P755: This is invItem.h file. Exercise 13.12. Pay attention to Immediate Window the address of description, 
 cost and units. Same names for all 3 Constructors but different address, this is overload.

This is the main(): Follow the step number back and fore to invItem.h and back.

Constructor initialization list
https://www.youtube.com/watch?v=P-WsU-hBf7c
Normal way initialization: class Base{int x; public: Base(int x;  Base(int a) {x=a;} }; main(){ Base b(10);}

This is used to initialize data member of classes, Two ways to do this.
1)  using {} as show in red, this is uniform initialization and is preferred.
   class Base{int x; public: Base(int a) : x{a} {}  };    main(){ Base b(10);}
   {} will give warning if char x, which is 1byte, you put in 300, it will flag error.
2) using ()class Base{int x; public: Base(int a) : x(a){}  };    main(){ Base b(10);} will not flag error.
For 2 variables class Base{int x; int; y public: Base(int a, int b) : x{a}, y{b} {}  };    main(){ Base b(10);}

*See chapter14 Alan version Jtbell program.  Use c-string char name[size] as member data so each
   Object gets it’s own copy of name[size]. This will have a deep copy so it can be preserved.
class Vec    {private:     int x, y; 	char name[size];
 public:  Vec(){ x = 0, y = 0;   strncpy_s(name, size, "Default", size);   cout<<" [Constructor0], object created:" <<
                           name<<"(" <<x<<","<< y<<"), address:"<<this<<", &"<<name<<":"<<& name<<"\n\n";}
    Vec(const char*desc) { x = 0, y = 0;	strncpy_s(name, size, desc, size); cout<<" [Constructor1], object: "<<
            name<<"(" <<x<<","<< y<<"), address:"<<this<<", &"<<name<<":"<<& name<<"\n\n";}
    Vec(int x0, int y0, const char *desc){ x = x0, y = y0;    strncpy_s(name, size, desc, size); cout<<" [Constructor2],
         object created:  "<<name<<"(" <<x<<","<< y<<"), address:"<<this<<", &"<<name<<":"<<& name<<"\n\n";}};







Destructors:
*P750: Destructors: Using the same name as Class like Constructor with ~ in front.eg Demo::~Demo; 
  It run right before exiting the program. It is the opposite of Constructor that use for initiation. Distructor 
   is used for closing everything before exiting. eg. for closing the files, deleting dynamic allocated memory.
   Destructor cannot have parameters.
P758: Only can have one default Constructor and  one Destructor(since there can be no parameter).
P758: You can have overloaded Member functions with different parameters.

P758: Private Member Functions: That only for internal use, cannot be called by outside. 
    Just declare under Private:


		Array of Objects
*P760:Array of Objects: Same as others, invItem item[5] declare array item[5] of Class invItem.
*P761:If Constructor needs argument, specify argument for EACH individual element of the array
     in main() in Source.cpp file.  
*P761: Using the same InvItem as in P755 for 13.12 uses 3 constructors in InvItem.h: 
     1) InvItem() with no parameter.   2) InvItem(char*desc).    3) InvItem(char*desc, double c, int u).
* For single argument: Use initialize list: eg: InvItem It[3] = {“Hammer”, “Wrench”, “Pliers”}.
   Compiler automatically choose Constructor 2) InvItem(char*desc). For all It[0..2].
 *For more than one arguments, have to declare like function call as below: InvItem  It[0..2] =
    { invItem(“Hammer”, 6.95, 12), invItem(“Wrench”, 8.75, 20),  invItem(“Pliers”, 3.75, 10)};
    Compiler will choose 3) InvItem(char*desc, double c, int u).
*It is not necessary each element of array calls for same Constructor. 
   InvItem It[3] = {“Hammer”   , invItem(“Wrench”, 8.75, 20),    “Pliers”}. Compiler assign Constructor 2
    to It[0] and It[2], Constructor 3 for It[1].
*If no initialize provided for all objects in array, Default Constructor will be called for objects that don’t
    have initializer. InvItem It[3] = {“Hammer”   , invItem(“Wrench”, 8.75, 20)}; Default Constructor will
    be called for It[2].
*--If there is no Default Constructor, you need to provide an initialize for each Object in array.
  --If fewer initializer than Objects in array, the Default Constructor will be called for the remains.
  --If Constructor requires more than one argument, initializer has to be in form of function call.

*P762:Below is Program 13.13 invItem.h file with 3 Constructors in line 9 to 21.

13.13 source.cpp.  line 11 to 13:  5 initializers using Constructor 3)   InvItem(char*desc, double c, int u).
*13.13 invItem.h picture above shows even the main calls the Constructor#3 5 times, you can see pointer 
   description allocate 5 separate segments of memory for each element shown in the Immediate Window,
   Also each element of the array has it’s own variables cost and units shown in different address. 



*Program below is example with only 2 initialization, . .cpp declare invItem item[3] 
    where all have different initialization. It uses the same invItem.h in the last page with 3 constructors,   
    Constructor#1 in line 9:  invItem() has no argument. Constructor#2 in line 14:  invItem(char*desc) with
    one argument. Constructor #3 in line 18:  invItem(char*desc, double cost, int units) with 3 arguments.
*Program below use invItem.h as in 13.12. In main, invItem item[3] =  {invItem(iA0,6.95,12),   iA1};
     Using only 2 initialization, item[0] uses Constructor 3) InvItem(char*desc, double c, int u).
     item[1] uses Constructor 2) InvItem(char*desc). No initializer for item[0], using default 1) invItem().
     Line 14 to 16 calling item[2].setDesc(iA2), item[2].setCost() and item[2].setUnit() write to Constructor1.
*P777: Draw each class using UML(Unified Modeling Language) diagram. First draw as shown
      In Fig.13-18 where you put Class name, variable and member function as shown in Fig.13-22

		Fig. 13-18							Fig.13-22
*Fig.13-22 shows program 13.13 with Overload Constructor. ‘-‘ means private, ‘+’ means public. 
*P779: Write out the purpose of the program and write out all the nouns. Then refine the list of nouns 
   down.



Chapter 14 More About Class
We can define class members static using static keyword. When we declare a member of a class as static it there is only one copy of the static member. It is shared by all objects of the class. 
All static data is initialized to zero when the first object is created, if no other initialization is present. We can't put it in the class definition but it can be initialized outside the class as done in the following example by redeclaring the static variable, using the scope resolution operator :: to identify which class it belongs to.
*P801:Instance: Unless a variable is declared Static, it’s Instance variable. Each Instance of a Class
     has it’s own copy of class Instance variables.  Class Rect{private: double width; 
     public: setW(w){width=w;}…};  In main(){Rect box1, box2; box1.setW(wi); box2.setW(wi)….}  
    You can see box1 and box2 have their OWN unique variable width as width is declared instance.
Static Member variables.
*P802: You can declare variables and member functions Static. They actually belong to the Class, NOT
   the Instance of the Class(each Object). 
* You cannot assign value to static variable inside the header file. Has to declare
     Rect::variable=0; in the Implementation file. See program 14.1.  #ifndef Tree_H    #define Tree_H
class Tree { private: static int objectCount;	 public:  Tree() { objectCount++; }// Constructor
	                      int getobjectCount() const { return objectCount; }};   #endif
              int Tree::objectCount = 0;//Outside of .h file

Static Member Functions see 14.3.
By declaring a function member as static, you make it independent of any particular object of the class. A static member function can be called even if no objects of the class exist and the static functions are accessed using only the class name and the scope resolution operator ::
A static member function can only access static data member, other static member functions and any other functions from outside the class.
*Static member functions can be in header file, unlike static variable that has to be defined outside.



*Friend of only one Function in another Class:
*This is A.h: Declare only one function in class B as friend. showA() has to be defined OUTSIDE the
     header file. See program Friend Function in chapter 14.   
      #ifndef A_H  #define A_H #include <iostream>  #include "B.h"//Has to include A.h
      class A  {private: int a; public: A() { a = 2; }  friend void B::showA(A& x);};#endif//Declare friend 
      void B::showA(A& x) { std::cout << " A::a = " << x.a; }//Has to declare showA(A& x) outside of B.h, why?

*This is B.h: Needs to include “class A” to access inside class A.   #ifndef B_H  #define B_H
   class A;//Forward declaration
   class B {public: void showA(A&);};#endif//Have to use reference

*This is source.cpp:   #include <iostream>  #include "A.h"  #include "B.h"  using namespace std;
      int main() { A x; B b;  b.showA(x); return 0;}
* Declare whole class as friend is NOT advisable, can access Everything in the Class. See Friend Class in cpt 14:

*P837: Friend  to   iostream class for overloading extraction and insertion:
*see program 14.11: left argument is ostream or istream ref object, right is ref FeetInches object.
*For insertion operator: friend ostream &operator<<(ostream & strm, const FeetInches4 &obj)
    	                                   { strm << obj.feet << “ft   “ << obj.inches << “in\n\n”; return strm;}}
*For extraction operator:  friend istream &operator>>( (istream & strm, const FeetInches4 &obj) 
                                                        { strm >> obj.feet;   strm >> obj.inches;} return strm; }
*In main(){FeetInches distance; cout << distance; or cin >> distance;}

*P814: Memberwise Assignment: member data of Objects of the same Class may be assigned to one
      another using = operator. Problem is if one of the variable is a pointer to NEW memory, then the
      address of the NEW memory will be the same for both object. See p816. Constructor:
      PersonInfo(char*n, int a){name = new char[strlen(n) + 1]; strncpy(…); age = a;} , address name
      is copy over. Need to use Copy Constructor:

Copy Constructor
 *P816:Normal Constructor initializing:
      PersonInfo(char*n, int a){name = new char[strlen(n) + 1]; strncpy(…); age = a;} , name is an address,
      If simple copying over, the copy of name will have the same address and points to same memory!!
*P818:Copy Constructor solves the problem as it can copy the pointers but different address:
   PersonInfo(const PersonInfo &obj) {name = new char[strlen(n) + 1]; 
                     Strncpy_s(name, (strlen(obj.name)+1), obj.name, (strlen(obj.name)+1))  ; age = a;}
*Using &obj in argument reference to object save a copy. Use const to avoid changing, compiler will 
      give error without it.
*See below, PersonInfo clone = bob; where left side “clone” is object of PersonInfo, and the right size of
   = is bob also object of PersonInfo, compiler will use the Copy Constructor to initiate clone.
*Fig.8 is program Copy Constructor in chapter 14. below shows name initialize for bob is different from clone.
 * classname (const classname &obj){..}. Below, line10 is Copy Constructor. Argument is passed by reference.


#include <iostream> #include <cstring>  #include "PersonInfo.h"   using namespace std;
int main(){  char bobC[] = "Bob Faraday"; char cloneT[] = "clone";
    PersonInfo bob(bobC, 32);    PersonInfo clone(cloneT, 44);   clone = bob;//copy constructor
    cout << " The bob Object contains: " << bob.getName() << ", age = " << bob.getAge() << endl;
    cout << " Clone object name = " << clone.getName() <<", age = " << clone.getAge() << "\n\n"; return 0; }

*See program Alan version Jtbell in cpt14: using c-string rather then name=new char[]:  const int size = 25;
class Vec    {private:     int x, y; 	char name[size];
 public:  Vec(const Vec& original)  { x = original.x; y = original.y;   strncpy_s(name, size, "Temp", size); cout <<
       " [Copy Construct], object created: " << name <<"(" << x << "," << y << ")   address: " << this << "\n\n";}

Operator=()
*P821: void operator=(const PersonInfo &right){}:   In main(), overload operator works when both sides of
     = is object of class PersonInfo. eg. PersonInfo Person1, Person2;    Person2(left) = Person1(right).
*P822: Person2= Person1 Is the same as Person2.operator = (person1);
    Only one parameter &right is reference parameter. See program 14.6.
*See program Overloading in chapter14:   class PersonInfo
{private:   char *name;   int age;
 public:PersonInfo(char *n, int a) {name=new char[strlen(n)+1];strncpy_s(name,strlen(n)+1,n,strlen(n)+1); age = a; }
     ~PersonInfo() { delete [] name; }   // Destructor
     const char *getName() { return name;}   int getAge()  { return age; }
     void operator=(const PersonInfo &right)   { name = new char[strlen(right.name)+1];
  strncpy_s(name,strlen(right.name)+1, right.name, strlen(right.name)+1);age= right.age;} };

#include <iostream> #include <cstring> #include "PersonInfo.h" using namespace std;
int main()    { char jimC[] = "Jim Young"; char bobC[] = "Bob Faraday"; char cloneT[] = "clone";
     PersonInfo jim(jimC, 27);  PersonInfo bob(bobC, 32); PersonInfo clone(cloneT, 50);
     cout <<"The jim Object contains: "<<jim.getName()<<", "<<jim.getAge()<<endl;
     cout <<"The bob Object contains: "<<bob.getName()<<", "<<bob.getAge()<<"\n\n";
     clone = bob; 	bob = jim;  // Call overloaded = operator
     cout << "The jim Object contains: " << jim.getName()<< ", " << jim.getAge() << endl;
     cout << "The bob Object contains: " << bob.getName() << ", " << bob.getAge() << endl;  return 0; }



Assignment operator=from C++Nuts https://www.youtube.com/watch?v=ieD3l--qgK4
0) When there is pointer needed to be copied.
1) It is a binary operator, you have left and right eg. left = right.
2) When you need deep copy, that is with pointer in the class.
3) Always need to create a Copy Constructor when using operator=(). Same as if you write Copy Constructor
    you write your own assignment operator=().
4) Do not do self assignment.
5)Assignment operator= must be loaded with NON static member function only. Cannot create a global
    function.
* Copy Constructor by compiler:  Example of shallow copy where there is pointer:
    class Test { int*x;  public:Test(int val = 0):x{ new int(val)}{}//Constructor, create memory by pointer x.
                 void setX(int val) { *x = val; }void print() { cout << *x << endl; }~Test(){delete x;};}// x points to val.
    int main() {Test t1(10);//t1.x = 10, this create memory pointed by pointer x in stack. Call it pointer x1.
	            Test t2;//t2.x = 0; create memory pointed by x and put 0; call it pointer x2.
	            t2 = t1; //t2.x = 10, this just copy the address of x over, x2 = x1 and both point to same stack.
	            t1.setX(20);// t1.x1=20. When t1.x1 change to 20, t2.x2 point to same location=> t2.x2=20!!
	            t1.print(); t2.print();  return 0; } //Read t2.x1 read from location of t1.x1 = 20 as x2=x1.
  Also, if you follow the sequence, in Destructor, t2 will be destroyed in stack first, memory pointed by x2
  will be destroyed. So t1.x1 points to garbage!!. This is shallow copy. Needs to use Assignment operator=().

*Assignment operator:
    class Test { int* x;  public:Test(int val = 0):x{ new int(val)}{}//Constructor, create memory by pointer x.
                        void setX(int val) { *x = val;} void print() { cout << *x << endl; }~Test(){delete x;}
	     Test& operator=(const Test& rhs){if(this != &rhs) *x =* rhs.x; return *this;}};
     -rhs.x is a pointer,   *rhs.x    works    as even dot precedence to *. It’s the dereferencing of rhs.x. 
     -t2=t1 same as t2.operator=(t1) it’s like t2.function => this points to t2, &rhs points to t1.  
      -&rhs takes as reference, no extra copy needed.
      - if(this != &rhs) checks for self assignment, if this ==&rhs, don’t copy.
      -return *this: (t1=t2)=t3 equals to t1=t2 then t1=t3. this is pointing to t1 after execution. *this = t1.

*See program Alan version Jtbell in chapter 14. No need to use name = new char[size].
class Vec    {private:     int x, y; 	char name[size];
    Vec& operator=(const Vec& rhs)   {x = rhs.x; y = rhs.y;   strncpy_s(name, size, rhs.name, size);
	  cout << " [In OP=]: " << rhs.name << "(" << rhs.x << "," << rhs.y <<")   is copied into   " <<
	  name << "(" << x << "," << y << ")\n\n ";   return *this; }};


This Pointer
*Each object of the same class gets its own copy of data members and all objects share a single copy of
    member functions. The compiler supplies an implicit pointer along with the member functions as ‘this’
    that points to the objects that calls the function to ensure the correct member data is being called.
 *Static member functions don't have a this pointer. 
*this->x = (*this).x : Just telling you x is the member variable of the object. see program This v2.
   https://www.youtube.com/watch?v=I2-RmR7JRdc at 5mins mark.
*class Cow   {  int maxHeartbeats;//member variable  =   this->maxHeartbeats 
    Cow(int maxHeartbeats)   { this->maxHeartbeats = maxHeartbeats}; //See color matched
    The right side: argument that is passed from outside. this->maxHeartbeats is Cow member variable
*You don’t need this-> if: Cow(int maxBeats){ maxHeartbeats = maxBeats;} as names are different.
*{month = mn; this->month = mn; (*this).month = mn;} are the same. Don’t need this-> as names are different.
*Mostly this is transparent to users, see below, it’s more like how compiler interpret the code:
class Base  { int x;
  public:  Base() {} Base(int a) :x(a) {  }
     int get(){return x;}//compiler changes to: int get(Base* const this) {return this-> x;} when b2 calls.
     void set(int a){x = a;}//compiler changes to: void set(Base* const this, int a){this->x = a;} }; when b2 calls. 
int main() {  Base b1;   Base b2(10);
	         b2.get();  b2.set(20);//compiler changes to:     Base::get(&b2);   Base::set(&b2,20); resp.
	         return 0; }
*P822: = operator allows multiple assignment statements: a = b = c. This statement b = c causes c to be
      assigned to b, and then return the value of c. The return value is then stored in a.
*P824: To return a pointer of PersonInfo class object:program 14.7: In version 4 of PersonInfo: 
       Notice last line return*this? this is the pointer to the class object. PersonInfo before the operator
       indicates the return pointer is of object of class PersonInfo.
   const PersonInfo operator = (const PersonInfo& right)//Overloaded = operator
      { delete[] name; name = new char[strlen(right.name) + 1];
        strncpy_s(name, strlen(right.name) + 1, right.name, strlen(right.name) + 1); 
        age = right.age;  return *this; }//a = return of (b = c) described above.

Overload Math Operators
*P821: general form return-type operator=(const class-type &right).
*For no return: void operator=(const FeetInches &right)
*P827: FeetInches operator+(const classType & right) to return a FeetInches object.
  In main(): FeetInches Len1, Len2, Len3; Len3 = Len1 + Len2 same as Len3 = Len1.operator+(Len2);
*See program +overloading:operator+/-   add/subtract right.Len from Len(Left) and return temp.
class Length  {public: int Len;
       Length operator+(const Length&right) { Length temp;     temp.Len = Len + right.Len;	return temp; }
       Length operator-(const Length&right) { Length temp;      temp.Len = Len - right.Len;	return temp; }};
int main()
{  Length L1, L2, L3;   cout << " Enter first  number: "; cin >> L1.Len;
   cout << " Enter second number: "; cin >> L2.Len; cout << endl;
   cout << " first number + second number = " << (L1.Len + L2.Len) << "\n\n";//No L3 and no overload
   L3 = L1 - L2; cout << " first number - second number = " << (L3.Len) << "\n\n";}//Use L3.Len
 cout << " L3 = L1.operator+(L2) = " << (L1.operator+(L2)).Len << "\n\n";//This will work
   L3 = L1.operator+(L2); cout << " L3 = L1.operator+(L2) = " << L3.Len << "\n\n";}//This will work
*Pay attention to last 3 lines above, they all work to display L3.Len.     
*Don’t use Length& operator+(const Length&right) { Length temp;  temp.Len = Len + right.Len; return temp; } 

*See program Alan version Jtbell in chapter 14. const int size = 25;
      class Vec    {private:     int x, y; 	char name[size];
         Vec operator+(const Vec& right)  {  Vec sum;      sum.x = x + right.x; sum.y = y + right.y;  
    strncpy_s(sum.name, size, "sum", size);   cout <<"\n [In OP+]: " << sum.name << "(" <<
	    sum.x << "," << sum.y <<") = " << (*this).name <<"(" << (*this).x << "," << (*this).y<< ") + " <<
	    right.name <<"(" << right.x << "," << right.y << ")\n\n";   return sum; }




Overload   ++Prefix and  Postfix++   Operators
*P831: Prefix and Postfix are Unary operator, they only affected the calling function. No argument needed.
*See program 14.9
   void simplify() {if (inches >= 12){feet += (inches / 12);inches = inches % 12;}
                                else if (inches < 0){feet -= ((abs(inches) / 12) + 1);inches = 12 - (abs(inches) % 12);} 
*For prefix: Characterized by no argument and no copy of FeetInches2 object inside the function.
      FeetInches2 operator ++ (){++inches; simplify();  return *this;}
       FeetInches2 operator -- (){ --inches; simplify();  return *this;}
*For postfix: Characterized by empty argument(int) and copy of FeetInches2 temp inside the function.
       FeetInches2 operator ++ (int){ FeetInches2 temp(feet, inches);  inches++;  simplify(); return temp;}
       FeetInches2 operator -- (int){  FeetInches2 temp(feet, inches);   inches--;  simplify(); return temp;}
*In main(): FeetInches2 first, second; first = ++second; --second; second++; second--;for prefix and postfix.




Overload   Relation   Operators >, <, ==
*P834:Relation operation function, return boolean true or false ONLY. Only one parameter: &right side.
    left side is feet and inches. See color below. Program 14.10.
*eg. first > second: first is left of operator, second is right of operator. &right is reference to second.
bool operator > (const FeetInches3 &right) { bool status;  if (feet > right.feet) { status = true; }
   else if (feet == right.feet && inches > right.inches) { status = true; } else { status = false; }   return status; }
bool operator < (const FeetInches3 &right) { bool status; if (feet < right.feet){ status = true;}
   else if (feet == right.feet && inches < right.inches) { status = true; }  else { status = false; }   return status; }
bool operator == (const FeetInches3 &right) { bool status;
   if (feet == right.feet && inches == right.inches) { status = true; }   else { status = false; }  return status; }
*In Main():if (first == second); if (first< second); if (first >second)



Overload   << and >>  Operators 
*P837: We want to perform cout << x or cin >> y with class object like cout << distance or cin >> distance.
   This, we need to use ostream and istream class. The format is ostreamObject << FeetInchesObject to
   output or istreamObject >> FeetInchesObject for extraction.
*see program 14.11: left argument is ostream or istream ref object, right is ref FeetInches object.
*For insertion: friend ostream &operator<<(ostream & strm, const FeetInches4 &obj)
    	                                { strm << obj.feet << “ft   “ << obj.inches << “in\n\n”; return strm;}
*For extraction:  friend istream &operator>>( (istream & strm, FeetInches4 &obj) //cannot have const
                                { strm >> obj.feet;   strm >> obj.inches; return strm; }
*In main(){FeetInches distance; cout << distance; or cin >> distance;}
*P838: Notice “friend” in front? Because the function is NOT member function of FeetInches4. Needs
    friend to accesss to the private member data.
*Using ostream& operator() because want to return a reference in case of cout << distance1 << distance2..
*Inside argument:(istream& strm, ): We don’t want to create a copy of the istream, we just want to use
    the istream to insert or extract the value. So we reference to the iostream only to perform the task.
* istream& operator as reference: After the first call, cout << distance1 will become cout for distance2. 
    And so on. See   https://www.youtube.com/watch?v=2972LRdyquk at 11.00

*See program Alan version Jtbell in chapter 14. Very important on (const Vec&rhs), error without const.
    Also using strncpy_s for c-string.
#include <iostream>    #include <cstring>   using std::ostream;    using std::cout;     using std::endl;
const int size = 25;
class Vec    {private:     int x, y; 	char name[size];
 public:  Vec(){ x = 0, y = 0;   strncpy_s(name, size, "Default", size);   cout<<" [Constructor0], object created:" <<
                           name<<"(" <<x<<","<< y<<"), address:"<<this<<", &"<<name<<":"<<& name<<"\n\n";}
    Vec(const char*desc) { x = 0, y = 0;	strncpy_s(name, size, desc, size); cout<<" [Constructor1], object: "<<
            name<<"(" <<x<<","<< y<<"), address:"<<this<<", &"<<name<<":"<<& name<<"\n\n";}
    Vec(int x0, int y0, const char *desc){ x = x0, y = y0;    strncpy_s(name, size, desc, size); cout<<" [Constructor2],
	object created:  "<<name<<"(" <<x<<","<< y<<"), address:"<<this<<", &"<<name<<":"<<& name<<"\n\n";}
    Vec(const Vec& original)  {	x = original.x; y = original.y; 	strncpy_s(name, size, "Temp", size); cout <<
	" [Copy Construct], object created: " << name <<"(" << x << "," << y << ")   address: " << this << "\n\n";}
    ~Vec(){cout<<" Destroying "<<(*this).name<<",   Address: "<<this<<"\n\n";}
    Vec operator+(const Vec& right)  {  Vec sum;  sum.x = x + right.x; sum.y = y + right.y;  
 strncpy_s(sum.name, size, "sum", size);   cout <<"\n [In OP+]: " << sum.name << "(" <<
	 sum.x << "," << sum.y <<") = " << (*this).name <<"(" << (*this).x << "," << (*this).y<< ") + " <<
	right.name <<"(" << right.x << "," << right.y << ")\n\n";   return sum; }
    Vec& operator=(const Vec& rhs)   {x = rhs.x; y = rhs.y;   strncpy_s(name, size, rhs.name, size);
	  cout << " [In OP=]: " << rhs.name << "(" << rhs.x << "," << rhs.y <<")   is copied into   " <<
	  name << "(" << x << "," << y << ")\n\n ";   return *this; }
    friend ostream& operator<<(ostream& out, const Vec& v)
	  {out << " [OP<<] c contains: " << v.name << "(" << v.x << "," << v.y << ")\n\n"; return out; }};
int main() { Vec a(1, 2, "vecA");  Vec b(3, 4, "vecB");	Vec c("vecC");	c = a + b; cout << c << "\n\n";	return 0; }

*The following is the printout that show step by step what the compiler is doing:
 [Constructor2], object created:   vecA(1,2),  address:012FF710,  &vecA:    012FF718
 [Constructor2], object created:   vecB(3,4),  address:012FF6E4,  &vecB:     012FF6EC
 [Constructor1], object created:   vecC(0,0),  address:012FF6B8,  &vecC:     012FF6C0
 [Constructor0], object created:Default(0,0), address:012FF550,  &Default:012FF558
 [In OP+]: sum(4,6)  =  vecA(1,2)  +  vecB(3,4)
 [Copy Construct], object created: Temp(4,6),   address: 012FF5CC
 Destroying sum,    Address:  012FF550
 [In OP=]: Temp(4,6)   is copied into   Temp(4,6) //This Temp is c, just copy name over.
 Destroying Temp,   Address: 012FF5CC//This is real Temp
 [OP<<] C contains: Temp(4,6) //The name Temp is copied over, that show it works.
 Destroying Temp,   Address: 012FF6B8
 Destroying vecB,   Address: 012FF6E4
 Destroying vecA,   Address: 012FF710



Overload   []  Operators like Array[]
*2) Array Subscript Operator can not be friend function and others too (->, (), =,[] ).
*P843: This deal with array of class objects. The function is: int &operator[](const int &){}.
*See program 14.12: overloading operator:
   int &operator[](const int &sub)
      {if (sub < 0 || sub >= arraySize) {subscriptError();}  return aptr[sub];}// If in range, return aptr[sub]
* The argument is a single reference to and integer The argument is a single reference to an integer  
   This integer is from inside [] that calls the operator function. In line 11 of main: IntArray Table[SIZE], 
   SIZE is PASSED by reference to sub in the operator[]() function.

#include <iostream>    using namespace std; //overload [ ]   https://www.youtube.com/watch?v=pbxxtg3JQc8
class Marks {	int subjects[3];//declare array of int of 3 elements
public:	Marks(int sub1, int sub2, int sub3)   {subjects[0] = sub1; subjects[1] = sub2; subjects[2] = sub3;}
      int operator[](int position){ return subjects[position];} };//overload operator[], one parameter for inside [].
int main(){ Marks anil(22, 33, 55);  cout << anil[0] << ", " <<anil[1] << ", " << anil[2] << "\n\n"; return 0; }

*Below is the same program but using vector: Have to initialize the size separately :Ivar(3)
class VecA {private:    struct Dir { char name[25]; int amount; };   vector<Dir>Ivar; //declare structure & vector
                     public:  VecA(int sub1, int sub2, int sub3):Ivar(3)//Initialize vector Ivar of 3.
                                  {Ivar[0].amount = sub1; Ivar[1].amount = sub2; Ivar[2].amount = sub3; }
	            int &operator[](const int position){  return Ivar[position].amount;} };
int main() { VecA anil(1,2,3); cout<<anil[0]<<", "<<anil[1] <<", "<<anil[2]<<"\n\n";return 0;}


Aggregation
*P849: A class can use another class. See program 14.5 Aggregation Course. Class Course have class Instructor
#include <iostream> #include <cstring> using namespace std;      const int Nsize = 51, Csize = 51;
class Instructor  { public:  char Name[Nsize];   Instructor() { set(""); }   Instructor(char*name){set(name);}
                 void set(const char *name) { strncpy_s(Name, Nsize, name, Nsize); Name[Nsize-1]='\0'; }
                 void print() const {cout  << Name << "\n\n";}};
class Course   {  private:    char courseName[Csize];      Instructor instructor;
                             public: Course(const char* course, const char *Instructor)
            {strncpy_s(courseName,Csize,course,Csize);courseName[Csize-1]='\0';instructor.set(Instructor);}
	            void print() const { cout << " Course name: " << courseName << "\n\n Instructor:  ";
	            instructor.print(); cout << "\n\n"; }};
int main() {  Course myCourse("Intro to CS", "Kramer");     myCourse.print();    return 0;}


Collaborations
P854:

#include <iostream> #include <cstring> #include <iomanip> using namespace std; const int Ssize = 6;
class Stock {private:  char symbol[Ssize]; double sharePrice;
             public:	Stock() {set("", 0.0);} Stock(const char* sym, double price){ set(sym, price);}
                 Stock(const Stock& obj) {set(obj.symbol, obj.sharePrice);}
                 void set(const char *sym, double price)
                       {strncpy_s(symbol, Ssize, sym, Ssize); symbol[Ssize -1 ] = '\0'; sharePrice = price;}
                 const char*getSymbol() const {return symbol;} double getSharePrice() const {return sharePrice;}};
class StockPurchase {private: Stock stock; int shares;      public: StockPurchase() { shares = 0; }
     StockPurchase(const Stock &stockObject, int numShares) {stock = stockObject; shares = numShares;}
     double getCost() const	{return shares * stock.getSharePrice();}};
int main(){ int BuyS; Stock xyzComp("xyz", 9.62);
    cout <<"xyz Company symbol: "<<xyzComp.getSymbol()<<"\n Stock is $" << xyzComp.getSharePrice() <<
      " Per share. \n\n How many shares you want to buy? "; cin >> BuyS; cout << "\n\n";
    StockPurchase buy(xyzComp, BuyS); cout << " The cost is $" << buy.getCost() << "\n\n";return 0;}
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=int main()

{// Create an TnvItem object itemi, jump to Constructor#l, set default values
InvItem item;

char cAr1[] = "Hammer”;// 3
iteml.setDesc(cAr1); // 4--to mutator.
iteml.setCost(6.95); // §--to mutator.
iteml.setUnits(12); // &s-to mutator
Create an InvItem object item2.
char cAr2[] = "Pliers”;// 1g;-input to parameter to item

InvItem item2(cAr2); //Ll--cost and units are filled by default in Constructor#2
Create an InvItem object item3.

char cAr3[] = "Wrench";//16_-for input to parameter to item3

B Invitem item3(cAr3, 8.75, 20);//17--for input to parameter to item3

/1To display to screen

cout << "The following items are in inventory:\n";//22

cout << setprecision(2) << fixed << showpoint;//23,

71 Display the data for item.

cout << "Description: " << iteml.getDesc() << endl;//24,

cout << "Cost: $" << itemi.getCost() << endl;//26.

cout << "Units on Hand: " << iteml.getUnits() << endl << endl;//28

Display the data for item 2.

cout << "Description: " << item2.getDesc() << endl;//38_

cout << "Cost: $" << item.getCost() << endl;//32_

cout << "Units on Hand: " << item2.getUnits() << endl << endl;//34

Constructor#1 has all the default
These are data to overwrite default.

Display the data for item 3.

cout << "Description: " << item3.getDesc() << endl;//36
cout << "Cost: $" << item3.getCost() << endl;//3&

cout << "Units on Hand: " << item3.getUnits() << endl;//48
return @ -
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char 1A0[] = "Hammer”, 1A1[] = “Wrench, ia2[] = "Pliers";//1

char $A3[] = "Ratchet”, 1M[] = "Screwdriver”;//2

invIten iten[nunlten] = {//35
VIten(iA, 6.95, 12), invIten(iAl, 8.75, 20),//3, 9, 15

invIten(iA2, 3.75, 10), invIten(iA3, 7.95, 14),//16, 22, 25,
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Cout << setu(14) < " Inventory Ttem” << setu(8) < "Cost” << setu(8)
<< setw(16) << "Units on Hand\n\n";//36

cout << "

for (int 1 = 05 1 < numItem; 1++)//38, 47,

{ cout << setu(14) << item[i].getDesc();//39, 45, 50,
cout << setu(B) << item[i].getCost()5//41, 43, 51, 53,
cout << setu(7) << item[i].getUnits() < "\n\n";}//a3, 46, 54, 56,

return 0;
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public:
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{naife = new char[strlen(n) + 1];
stracpy_s(name, strlen(n) +
Personinfs 7o &obj) // Copy Constructor
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Immediate Window
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11 Accessor functions The bob Object contains: Bob Faraday, age = 32
const char *gethane() { return name; } Clone object name = Bob Faraday, age = 32

int getage() { return age; }
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void gettem(string**);// function receive pointer to a pointer.
Eint main()

{ string se1;
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