Date Functions and the Date Class

Introduction: This problem will define certain functions to deal with dates and will define a Date class in which the date information is stored using only 2 integer variables:

year
the year of the date

days
the count of days from the first day of the year

For example, the first day of the 1999 would be stored as year = 1999 and days = 1.  The last day of 1999 would be stored as year = 1999 and days = 365.  Obtaining information about the month and day of the month will be calculated from the year and days information rather than stored.

The exercise will be set up as a series of steps.  We strongly suggest that you program each step and then run test code for that step to be certain it is correct.  Enclose the test code for a step in a separate function that is called from main.  Later you can eliminate the use of the intermediate test code by simply commenting out the calls.

In software engineering, the use of intermediate test code is called scaffolding after the metal structures that are used to construct buildings.  It is a good practice to keep the scaffolding test code in the program in case future tests need to be run.  Therefore do not delete the test code just decline to call it.

(A) Define a function


bool IsLeapYear(int Year)

which returns true if Year is a leap year and false otherwise.  We state the rules that you must implement in this function:


if Year is divisible by 400 then Year is a leap year

otherwise


if Year is divisible by 100 then Year is NOT a leap year

otherwise


if Year is divisible by     4 then Year is a leap year

otherwise


Year is NOT a leap year

(B) Define a function TotalDays which returns the total number of days in a given year.  Of course, this function should return either 365 or 366 as appropriate.  The header is:


int TotalDays(int Year)

(C) Introduce some numerical and string constants that will be useful in the remainder of the exercise.


enum { jan = 1, feb, mar, apr, may, jun, jul, aug, sep, oct, nov, dec };


const string MonthName[] = {



"",



"jan", "feb", "mar", "apr", "may", "jun",



"jul", "aug", "sep", "oct", "nov", "dec"


};


const string FullMonthName[] = {



"",



"January",



"February",



"March",



"April",



"May",



"June",



"July",



"August",



"September",



"October",



"November",



"December"


};

In the enum definition of the numerical constants, we start jan at 1 and then all the other constants follow in sequence.

In the const string arrays, we initialize the first cell (index 0) with the empty string ("") so that the month strings index from 1 to 12.

You should also introduce similar constants for the days of the week.

(D) Define a function


int DaysInMonth(int Year, int Month)

which returns the number of days in a Month in a given Year.  You may assume that Month is an int between 1 and 12.

Hint: You may either use a switch statement or use a const array of int with the number of days in each month in an ordinary (non-leap) year.  Remember to deal with leap years in the case of February.

The Date class will now be introduced as follows:


class Date {



int year;



int days;

// must satisfy 1 <= days <= TotalDays(year)


public:



// public functions to be defined below

(E) Define a SetYearDays member function of class Date with the header


Date& SetYearDays(int Year, int Days)

(E1) Set the member data variables year and days after suitably modifying the input parameters Year and Days to achieve the constraint:


1 <= Days <= TotalDays(Year)

For example, if Year is 1999 and Days is 1500, you should perform the following adjustment steps in an appropriate while loop:


Year = 1999

Days = 1500






// initial value


Year = 2000

Days = 1500 - 365 = 1135

// subtract 365 for year 1999


Year = 2001

Days = 1135 - 366 =  769

// subtract 366 for year 2000


Year = 2002

Days =  769 - 365 =  404

// subtract 365 for year 2001


Year = 2003

Days =  404 - 365 =   39

// subtract 365 for year 2002

A similar while loop should adjust in the case when Days is initially less than or equal to zero.  When the adjustments are done, assign Year to year and Days to days.

(E2) Return a reference to the Date object via return *this; .

 (F) Write a GetYearDays member function that will retrieve the internal year and days information.  Use the header:


void GetYearDays(int& Year, int& Days) const

(G) Write a member function GetYearMonthDay that will calculate the Month and MonthDay and will return that information together with the Year.  Use the header:


void GetYearMonthDay(int& Year, int& Month, int& MonthDay) const

For example, suppose year = 2000 and days = 175.  This function should calculate as follows:

Year = year = 2000


Month = 1

MonthDay = days = 175


Month = 2

MonthDay = 175 - 31 = 144


// jan has 31 days


Month = 3

MonthDay = 144 - 29 = 115


// feb has 29 days


Month = 4

MonthDay = 115 - 31 =  84


// mar has 31 days


Month = 5

MonthDay =  84 - 30 =  54


// apr has 30 days


Month = 6

MonthDay =  54 - 31 =  23


// may has 31 days

The calculation stops when the value in MonthDay is less than or equal to the number of days in the Month.  The function returns Year = 2000, Month = 6, MonthDay = 23 in this case.  Use a while loop to generalize this example and take advantage of the DaysInMonth function defined earlier.

(H) Write a member function SetYearMonthDay that will set the internal year and days data using Year, Month, and MonthDay information.  This function would be straightforward except for the problem of dealing values of the Month and MonthDay that are not in range.  This is rather tricky.  Therefore we will give you two options:

(a) Handle only the simple case in which




1 <= Month <= 12




1 <= MonthDay <= DaysInMonth(Year, Month)

If the data does not fall in this range, print an error message and make no changes to the internal data of the Date object.

(b) Define a policy for handling out of range values and then implement an algorithm that correctly deals with the general case.

As usual for Set... functions, return a reference to the Date object itself.

 (I) Define a friend function:


friend int DaysBetween(const Date& A, const Date& B)

This function should calculate the number of days from A to B, that is, how many days must be added to A to get to B.  For example, assume:

A represents:
Jan 15, 2000
B represents:
Jan 31, 2000
Then:

DaysBetween(A, A) is 0
DaysBetween(A, B) is 16
DaysBetween(B, A) is -16
Notice that this function is easy to define because we use the year-days representation of the Date rather than the more complicated year-month-day representation.  Be careful to handle the case when A and B have different years.

(J) Define a friend function to calculate the day of the week of a date:


friend int DayOfWeek(const Date& A)

This function may be built using the DaysBetween function together with the knowledge that the specific date Jan 1, 2000 is a Saturday.  The function should return an int between 1 and 7 representing one of the seven days.

(K) Define a friend function that will display the calendar for a given Month in a given Year.  The header should be:


friend void DisplayMonth(int Year, int Month)

You may make the same consistency assumptions as in your definition of SetYearMonthDay.

You may either display the calendar in the console window by using appropriate spacing to make the rows and columns line up or you may use the graphics window and appropriate text commands in IOTools (to format the numbers) and in GraphicsWidget (to align and draw the various text strings you need).  We will leave this latter option to the adventurous.

When you construct the calendar, you should make use of the name strings for printing out the name of the Month and the days of the week. 

The test program for DisplayMonth should permit the user to repeatedly enter a Year and a Month until the user is tired of drawing calendars.  A simple way to do this is:


while (ReadingInt("Year:  ", Year) && ReadingInt("Month: ", Month))



DisplayMonth(Year, Month);

If you want to be a bit more careful, introduce error checking so that you signal an error to the user and do not call DisplayMonth unless 1 <= Month <= 12.
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