/1 Additive pattern for numeric cl asses
A L T T
/1 copyright 2001 Information Disciplines, Inc., Chicago

/1l These preprocessor conponents define the pattern of arithnetic
/1l operators for a nuneric data itemclass that follows the additive pattern

/1l Before #include-ing this file, the programmer nust set the nmacro

/1l variable Cass to the nanme of the class, and, optionally, set

/1l PureType to the type of the pure nunber (default = double). It is upto
/1l the class definition (.hpp) file to #undef these nmacros.

#i f ndef PureType
#define PureType doubl e
#endi f

/1 The followi ng functions nust be defined in the class inplenmentation (.cpp)
/1 file or the class definition (.hpp) file.

d ass operator- () const;

d ass& oper at or +=(const C ass rs);

d ass& operator-=(const C ass rs);

d ass& operator*=(const PureType rs);

d ass& operator/=(const PureType rs);

d ass& oper at or %=(const PureType rs); [/ Omt these definitions if
C ass& oper at or %(const C ass rs); I % operators are unused
Pur eType operator/ (const O ass rs) const;

/1 The following inline functions are fully defined here:

d ass operator+(const C ass rs) const {return Cass(*this) +=rs;}
d ass operator-(const C ass rs) const {return dass(*this) -=rs;}
d ass operator*(const PureType rs) const {return Cass(*this) *=rs;}
d ass operator/(const PureType rs) const {return dass(*this) /=rs;}
d ass operator% const PureType rs) const {return dass(*this) % rs;}
d ass operat or % const C ass rs) const {return Cass(*this) % rs;}

inline friend O ass operator*(const PureType Is, const Class rs)
{returnrs * |s;}
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Angl e. hpp

/1 Angl e cl ass -- copyright 2001, Information Disciplines, Inc.
/1 This class supports operations on plane angl es.

#i f ndef ANGLE
#defi ne ANGLE const Angle

#i ncl ude <mat h. h> /* For trig functions */
#i ncl ude "gl obal . hpp" /* For const types & tenplate functions */
cl ass Angl e{

doubl e val ue; /1 normalized radi ans

static const double PI;

/1l For conpatibility with the standard C-library and other software, range is
[l (-pi,pi] not [0,2pi), enforced by the foll owi ng function

voi d normalize();

/] Constructors
e

public:
Angl e(DOUBLE rad = 0.0) : value(rad) {normalize();}
Angl e(I NT deg, INT min, INT sec);

/1 The conpiler will supply an acceptabl e copy constructor, destructor
/1 and assi gnnent operator

/] Accessors

doubl e toDegrees() const {return 180.0 * (value / PI);}

doubl e toRadi ans() const {return value;}

short degrees() const {return short(toDegrees());}

short m nutes() const {return 1long (abs(toDegrees()) * 60.0) % 60; }
short seconds() const {return 1long (abs(toDegrees()) * 3600.0) % 60;}



/1l  Operators follow the standard additive pattern

#def i ne O ass Angle
#i ncl ude "Additive. hpp"

/1 Trigononetric functions (for notational consistency and to hide interna

[l e representation. User can use other old functions
11 by extracting value with toRadians() accessor)
doubl e cos() const {return ::cos (value);}
doubl e sin() const {return ::sin (value);}
doubl e tan() const {return ::tan (value);}
}s [[ xxxFkkxxskkkxxkxx pEnd of class definition
inline Angle Angle::operator- () const {return Angl e(-value);}

i nline Angl e& Angl e: : operator+=(const C ass rs)

{val ue+=rs.value; normalize(); return *this;}
i nline Angl e& Angl e::operator-=(const C ass rs)

{val ue-=rs.value; normalize(); return *this;}
i nline Angl e& Angl e:: operator*=(const PureType rs)

{val ue*=rs; normalize(); return *this;}
i nline Angl e& Angl e:: operator/=(const PureType rs)
{val ue/ =rs; normalize(); return *this;}

i nline double Angle::operator/ (ANGLE rs) const {return value / rs.value;}
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Angl e. hpp

/1 Non-nmenber operators
N R T
ostrean& operator<< (ostrean& |Is, ANGLE rs);

/1 WARNING Floating point equality test is undependabl e

i nline bool operator==(ANGLE |s, ANGLE rs)
{return Is.toRadi ans() == rs.toRadi ans();}

/1 NOTE: Odering is anbiguous and not transitive, due to normalization.
i nline bool operator< (ANGE I|s, ANG.E rs)
{return Is.toRadians() < rs.toRadians();}

/1 Inverse trigononetric functions (forward to C library versions)
L

inline Angle arccos(DOUBLE x) {return ::acos(x);}
inline Angle arcsin(DOUBLE x) {return ::asin(x);}
inline Angle arctan(DOUBLE vy,

DOUBLE x = 1.0) {return ::atan2(y, x);}
#endi f



/1 Angle class inplenmentation--copyright 2001 I nfornmation Disciplines,

/1 (See Angle.hpp for detail ed expl anati ons)
#i ncl ude "Angl e. hpp"
DOUBLE Angle:: Pl = 3.141592653589793;

voi d Angl e::normalize()
{static DOUBLE twoPi = Pl + PI;
while (value <= -Pl) value += twoPi;
whil e (value > Pl) value -= twoPi

}

Angl e:: Angl e(I NT deg, INT mn, |INT sec)
{doubl e seconds = sec + 60 * (nmn + 60 * abs(deq));
doubl e degrees = seconds / 3600.0;
value = (degrees * PI / 180.0) * sign(deg);
normal i ze();

ostreanm& operator<< (ostream& |s, ANGLE rs)
{CHAR degreeSynbol = '\370';
return |I's << rs.degrees() << degreeSynbol
<< rs.mnutes() << '"\"'
<< rs.seconds() << '"\"';}

I nc.
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Cal endar | nformation (copyright 1992, Information Disciplines, Inc.)

Thi s pseudo-cl ass defines public constants and utility functions
used in mani pulating dates. It is independent of any date representation
or Date class. (It is used by IDI's Date class -- see Date. hpp.)

f ndef CALENDAR

#defi ne CALENDAR

#i

ncl ude " Si npl eStri ng. hpp"

nanespace Cal endarinfo {

11
11

Const ant s
stati c SHORT DAYS PER YEAR = 365;
static LONG DAYS PER 4 YEARS = 1+ 4 * DAYS PER YEAR,
static LONG DAYS PER 100 _YEARS = -1 + 25 * DAYS PER 4 YEARS;
static LONG DAYS PER 400 YEARS = 1 + 4 * DAYS PER 100 YEARS;
stati ¢ SHORT DAYS | N MONTH [13] = {0, 31, 28, 31, 30, 31, 30,

31, 31, 30, 31, 30, 31};
{o, 0, 31, 59, 90,120, 151,
181, 212, 243, 273, 304, 334} ;

static SHORT DAYS_BEFCORE_MONTH [ 13]

static const char *const MONTH _NAME [13]
= {II n , n Januar yll , n Febr uar yII , n Imr Chll , n Apr I I n , n '\myll , n Junell ,
"Jul y" , "August" , "Septenber", "October"”, "Novenber", "Decenber"};
static const char *const DAY_NAME [ 71 =

{" Sunday", "Monday", " Tuesday", "Wednesday", " Thur sday", "Fri day", " Sat urday"};

Cal endar | nf o. hpp



/1 Uility function declarations (defined in Cal endarl nfo.cpp)

e R R R
bool isLeapYear (I NT yyyy);
bool isLegal YMD(INT yyyy, SHORT nm SHORT dd);
short dayNunber (I NT yyyy, INT nm |NT dd);
void ynd (I'NT yyyy_in, short& nmmout, short& ddd_in_out); // Inverse of

/1 dayNunber
SimpleString toEnglish(INT yyyy, SHORT nmm SHORT dd);
} SinpleString toString(INT yyyy, SHORT mm SHORT dd);
#endi f
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Cal endar I nf o. cpp

/1 Cal endarlnfo inplenmentation (1992, Information Disciplines, Inc.)
R R (See Cal endar | nfo. hpp for details.)

#i ncl ude "gl obal . hpp"
#i ncl ude " Cal endar | nf o. hpp" /* Declarations, also included by users */

/! Calendar arithnetic functions
R

bool Cal endarlnfo::isLeapYear (INT yyyy)
{return (0 == yyyy %400) [| ((0 == yyyy %4) && (0 !=yyyy % 100));}

bool Cal endarlnfo::isLegal YMD (I NT yyyy, SHORT mm SHORT dd)
{return Mmm > 0 && mm <= 12
& dd > 0 && (dd <= DAYS_| N MONTH mm
|| (dd == 29 && mMm == 2 && i slLeapYear (yyyy)));

}
short Cal endar | nf o: : dayNunber /1 Convert year-nonth-day
(I'NT yyyy, INT nm | NT dd) 11 to year and day nunber
{if (!isLegal YMXyyyy, nm dd)) return O; /1 (Sometimes m stakenly
int ddd = DAYS BEFORE _MONTH nm + dd; /1 called a "Julian date")
if (isLeapYear(yyyy) && mm > 2) ++ddd;
return ddd;

}



/1 This routine perforns the inverse of the above dayNunmber function.
/1 (No error checking -- result undefined for day nunber out of range)

void Calendarinfo::ymd (INT yyyy in, short& mmout, short& ddd_in_out)
{ddd_i n_out % 366;

if (isLeapYear(yyyy_in)) /1l For |eap years
if (ddd_in_out > 60) --ddd_in_out; // adj ust day after 29 Feb.,
else if (ddd_i n_out == 60) [/l Test for 29 Feb. special case

{mMmout = 2; ddd_in_out = 29; return;}

mmout = (ddd_in_out + 28) / 29; /!l Estimate the nonth, then adjust
if (mmout >= 13

| | ddd_i n_out <= DAYS BEFORE_MONTH nm out])

--nm_out ;

ddd_i n_out -= DAYS BEFORE MONTH mmout];// Compute day of nonth

return;
}
/1 Conversion functions to external representations
N R R
Simpl eString Calendarinfo::toString(lNT yyyy, SHORT nm SHORT dd)
{return SinpleString::toString(yyyy, 10) + '-'
+ SinmpleString::toString(nmm 10) + -
+ SinpleString::toString(dd, 10);
}
Simpl eString Cal endar | nfo::toEnglish /!l Date to American English
(I'NT yyyy, SHORT mm SHORT dd) /1 conversion
{return SinpleString( MONTH_NAME[ M )
+ ' ' + SinpleString::toString(dd, 10)
+ ", " + SinpleString::toString(yyyy, 10);
}
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/1 Conpl ex class definition (copyright 1993, Information Disciplines, Inc.)
/1 Al functions are in-line. There's no separate inplenmentation code file.

/1 For polar coordinates, this class will use the Angle class if the user

/1 includes it prior to this file.

#i f ndef COWVPLEX /*
#defi ne COVWPLEX const Conplex [*

#i ncl ude <mat h. h> /*
#i ncl ude " gl obal . hpp"

cl ass Conpl ex {
doubl e ri, im

/[l Constructors and destructor
I e
publi c:
Conpl ex(DOUBLE x = 0, DOUBLE y
#i f def ANGLE

Conpl ex( DOUBLE r, ANGLE t)

#endi f

Mul tiple definition guard */
Conventional notation for constants */

For sqgrt (in abs) and atan (in theta) */

11

0)

Real & imaginary parts

ri(x), imy) {} // Real & inmaginary

ri(r*t.cos()), // Rho & theta
imr*t.sin()) {}

/1l The conpiler will generate by default an appropriate destructor
/1l copy constructor, and assi gnnent operator

Conpl exV1. hpp



/'l Accessors
L
doubl e real Part() const {return rl;}
doubl e imagPart () const {return im}
doubl e rho() const /1 Magnitude of vector
{return sqrt(realPart() * real Part() /1 fromorigin of
+ imagPart () * imagPart());} // conpl ex pl ane
#i f def ANGLE

Angl e
#el se
doubl e
#endi f
theta() const /1 Angle between vector
{return atan2(imagPart(),realPart());} // & real -axis

/1 Menber operators

N LT
Compl ex operator-() const /1 Unary minus operator
{return Conplex(-rl, -im;}
operator double () const /1l Conversion to rea
{assert(im==0); return rl;} /!l (Provided that value is real)
}s I ok ok ok ok ok ok ok ok ok ok End of class definition

/1 Non-nmenber operators and functions
e

/1l These functions are neither nenber nor friend functions, since they
/!l can gain access to the conponent data through the accessors.

inline double abs (COWPLEX x) /1 Magnitude or absol ute val ue
{return x.rho();}

inline ostream& operator<< (ostream& |s, /'l  External representation is
COVMPLEX rs) /1 ordered pair in parens.
{I's << " (" << rs.realPart() << ", " << rs.imagPart() << ')'; return Is;}
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/1 Arithmetic operations
N

inline Conpl ex operator+ (COWLEX | s,

COWPLEX rs)

{return Complex(ls.realPart() + rs.real Part(),
Is.imagPart() + rs.imagPart());}

nl i ne Conpl ex operator- (COWLEX |s,

nl i ne Conpl ex operator* (COWLEX |s,
{return Conpl ex
(I's.realPart() * rs.real Part()
Is.realPart() * rs.imgPart()

nli ne Conpl ex operator/ (COWPLEX |s,

{DOUBLE denom = rs.realPart() * rs.

+ rs.imagPart () *

return Conpl ex ((ls.real Part()
+ Is.imagPart ()

(rs.real Part()

- rs.imgPart ()

* ok ok F

/'l Rel ational operator
I o-aeeeee -
i nline bool oper at or == ( COMPLEX | s,

nli ne Conpl ex& operator+= (Conpl ex& I's, COVPLEX rs) {return Is
nli ne Conpl ex& operator-= (Conplex& I's, COWPLEX rs) {return Is
nli ne Conpl ex& operator*= (Conplex& I's, COVWPLEX rs) {return Is
nli ne Conpl ex& operator/= (Conplex& I's, COVWPLEX rs) {return Is

COWPLEX rs) {return Is + (-rs);}

COWPLEX rs)
- Is.imagPart() * rs.imagPart(),
+ Is.imagPart() * rs.realPart());
COWPLEX rs)
real Part ()

rs.imagPart();
rs.real Part ()
rs.imagPart()) / denom
I's.imagPart ()
Is.realPart()) / denonj;}

COWPLEX rs)

{return Is.realPart() == rs.real Part ()
&% Is.imagPart() == rs.imagPart();}

#endi f

}

Conpl exV1. hpp



/1 Duration Days and Date cl asses (Copyright 1994,
B L Information Disciplines, Inc.)

/1 These two cl asses support Date objects as well as duration objects

/1 neasured in Days. They follow the Point-Extent pattern. Dependencies
/1 on the Gregorian calendar are mnimzed through the use of the

/1 Cal endar | nfo pseudo-cl ass.

#i f ndef DAYS
#def i ne DAYS const Days
#defi ne DATE const Date

/1 I. Duration (extent) class in nunber of days
I L
cl ass Days {
| ong val ue; /1 Internal representation # of days
friend class Date; /1 Alow Date methods to retrieve val ue

// Constructors

N LT
publi c:
Days(LONG x = 0) : value(x) {}
/1 Conpiler will supply acceptable copy constructor, destructor,
/1 and assignnment operator. There are no accessors.

/1 Arithmetic Operators

#defi ne C ass Days
#defi ne PureType | ong

#i ncl ude "Additive. hpp" /* Additive pattern for binary operators */
DAYS& oper at or ++() {++val ue; return *this;}
DAYS& operator-- () {--value; return *this;}

DAYS operator ++(int) { DAYS resul t
DAYS operator--(int) { DAYS resul t

*this; ++value; return result;}
*this; --value; return result;}

Dat e. hpp



/! Relational operators
N LT R

bool operator== (DAYS rs) const {return value == rs.val ue;}
bool operator< (DAYS rs) const {return value < rs.value;}

/1 The remaining relational operators will be instantiated fromthe

/1 tenplate in global.hpp.

/1 1-0 operations
I
static char* unit; /1 Unit name ("day") for nessages

ostream& put (ostream& s) const;
i stream& get (istream& s);

}; [[  xxxxxxkxxxkx pPnd of class definition

/1 Inline nmenber and non-menber functions

inline ostrean& operator<< (ostrean& |I's, DAYS rs) {return rs.put(ls);}
inline istrean& operator>> (istrean& |Is, Days& rs){return rs.get(ls);}

i nli ne Days& Days: : operator+=(DAYS rs) {value += rs.value; return
i nli ne Days& Days::operator-=(DAYS rs) {value -= rs.value; return
i nline Days& Days::operator*=(LONG rs) {value *= rs; return
inline Days& Days::operator/=(LONG rs) {value /= rs; return
inline long Days::operator/ (DAYS rs) const { return value / rs.
i nli ne Days& Days: : operator %(DAYS rs) {value % rs.value; return
i nline Days& Days::operator%(LONG rs) {value % rs; return
i

inline Days Days::operator- ()

/1 Non-inline functions are defined in Date.cpp

const {return Days(-value);

*this;
*this;
*this;
*this;
val ue;
*this;
*this;

[ R S W i W i )
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1 .

Date cl ass
I

/1 This class defines date objects.

/1 G&egorian cal endar,

Al though it assunes the

/1 through the Cal endarlnfo pseudo-cl ass.

#i ncl ude " Cal endar | nf o. hpp"

class Date {

| ong

val ue;

11

/*

I nt er nal

Tabl es,

dependenci es on the cal endar are ninimzed

constants, and cal endar functions */

representation: # of days since

/1 The value is the nunber of days since the origin defined by:

static LONG BIAS; /1l
static SHORT Bl AS WEEKDAY; [/

(See Date.cpp for val ue)
Day of week of origin date

/1 This representation is conpatible with sone dat abase and spreadsheet
/1 software products. Note that:

11 1.
11

11 2.
11

static
static
static
static
static

Sone conversion functions assune the G egorian cal endar
even for dates before that cal endar was adopt ed.

B.C. dates can be generated by arithnetic operations, but
be supported by conversion functions.

may not

| ong
short
short
short
| ong

yyvyy;

n

dd;

ddd;

cur _val ue;

11
11
11

11
11

Cache storage for result of
conponent date fields
(see set_ynd() function)

Date corresponding to
above comnponents

Dat e. hpp



// Constructors and accessors

A R

publi c:

Date() {} /1 (No default val ue)
Dat e( LONG yyyy, U NT ddd); /1 Year and day nunber
Dat e( LONG yyyy, SHORT mm SHORT dd); // Year-nonth-day
Dat e( CHAR YYMVDO) 6] ) ; /1 ANSI 6-character repr.
static short century_break; /1 Break point for

/1 2-digit year

/1 Compiler will supply acceptable copy constructor, destructor
/1 and assi gnnent operat or

private: void set_ynd() const; /1 Extract date subfields
publi c:

long vyear() const {set_ynd(); return yyyy;}

short nont h() const {set_ynd(); return nmm}

short day() const {set_ynd(); return dd;}

short dayno() const {set_ynd(); return ddd;}

short weekday() const {return (((value + Bl AS_ VEEKDAY) %7) + 7) %7;}

/1 Arithmetic Operators

#def i ne Poi ntd ass Date /* Point-extent pattern for conbinations
#i ncl ude " Poi nt Ext . hpp" /1 of Date and Days objects

DATE& oper at or ++() {++val ue; return *this;}

DATE& operator--() {--value; return *this;}

DATE operator ++(int) {DATE result = *this; ++value; return result;}

DATE operator--(int) {DATE result = *this; --value; return result;}

/! Relational operators

T
bool operator== (DATE rs) const {return value == rs.val ue;}

bool operator< (DATE rs) const {return value < rs.value;}

/1 The remaining relational operators will be instantiated fromthe
/1 tenplate in global.hpp

*/
*/

Dat e. hpp



/1 1-0 operations

/1 1-0 functions

ostream& put (ostream& s) const;
i stream& get (i stream& s);

}; [ xxxxxxsxxxkxxx End of class definition

/1 Inline nmenber and non-nmenber functions

inline ostrean& operator<< (ostrean& |Is, DATE rs) {return rs.put(ls);}
inline istrean& operator>> (istrean& |s, Date& rs){return rs.get(ls);}

inline Date& Date::operator+= (DAYS rs) {value += rs.value; return *this;}
inline Date& Date::operator-= (DAYS rs) {value -= rs.value; return *this;}

/1 Non-inline functions are defined in Date.cpp
#undef d ass

#undef Poi ntd ass
#endi f

Dat e. hpp



/1 Days and Date Date | nplenentation

I I See | DI DATE. HPP for docunentati on

#i ncl ude "gl obal . hpp"
#i ncl ude "Date. hpp"
#i ncl ude <string. h>

/1 Days inplenentation

ostream& Days: : put(ostrean& | s) const

{Il's << value << ' ' << Days::unit;
if (abs(value) I=1) Is << 's"; /1
return |s;

}

i stream& Days::get(istream& |s)
{Il's >> value; return Is; } /1

// Constant initialization

LONG Dat e: : Bl AS

Append English plural

(mainly for debuggi ng)

/1 Internal representation

= - Cal endarlInfo:: DAYS PER 400 _YEARS * 5 // Oigin date is Decenber 30,

+ Cal endar | nf o: : DAYS_PER 100_YEARS /1 1899, for conpatibility
+ Cal endar I nf o: : DAYS_PER YEAR + 2; /1 with Lotus 1-2-3

SHORT Dat e: : Bl AS_ WEEKDAY = 6;
char* Days::unit = "day";

short Date::century break = 20;

// Origin date is a Saturday

[l 2-digit year is 20yy if yy less
/1 19yy ot herw se
/1 (user may override this one)

Dat e. cpp



Date: : Date (LONG yyyy, U NT ddd) /1 Year and day nunber

val ue( Bl AS) /1 (no error check on ddd)
{LONG years = yyyy - 1; /1 Nunmber of el apsed years
val ue += years /1 Convert years
* Cal endar I nfo:: DAYS PER YEAR // to days
+ years / 4 Il Apply
- years / 100 /1 | eap-year
+ years / 400 /1 adj ust ment
+ ddd; /1 Add day nunber within year

Date: : Date (LONG yyyy, SHORT mm SHORT dd) /1 Year-nont h- day

val ue(0) /1 (with full error checking)
{bool |eap_year = Cal endarlnfo::isLeapYear(yyyy);
i f (m< 1 ]| mm> 12

|| dd < 1 || (dd > Cal endarlnfo::DAYS_ | N MONTH [ mj
&& ' (dd == 29 && nm == 2 && | eap_year)))
{clog << endl << "DATEOl1l -- Illegal value ("
<K yyyy << '-' «<mm<< - << dd << ") "y
{int ddd = Cal endar | nfo:: DAYS BEFORE MONTH [rm] + dd;
ddd += (|l eap_year && (mm > 2)); // First convert nmdd to ddd
val ue = Date(yyyy, ddd). val ue;} /1 Now use previous constructor

Dat e. cpp



Dat e: : Date (CHAR yymdd[ 6] )
{if (strlen(yynmdd) != 6) return;
char charVal [ 6];
for (int i =0; i < 6; i++4)
charval[i] = yymdd[i] - '0";

i nt yy = charval[0] * 10 + char Val
short mm = charVal[2] * 10 + char Val
short dd = charVal[4] * 10 + char Val
yy += (yy < century_break) ? 2000 :
val ue = Date(yy, nmdd). val ue;
}
ostream& Date::put(ostrean& rs) const
{return rs << year() << '-' << nonth()
<< 't << day();}

i stream& Date::get(istream& rs)
{int y, m d;
rs >>y >> m>> d,
val ue = Date(y, md).val ue;
return rs;

}

[1];
[3];
[5];

1900;

/1 ANSI 6-character string
/1 (check only on | ength)

// Convert characters
/1l to their val ues

/1l Extract year

/1  Extract nonth

/1 Extract day

/1 Choose 20th or 21st century

/1 Now use previous constructor
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| ong
short
short
short
| ong

void Date::set_ynd() const
== cur_value) return; [/
/1
/1

{if (value
cur_val ue

| ong
i nt

ngr ps
yyyy
ndays

ngr ps
yyyy
ndays

ngr ps
yyyy
ndays

yyyy
ndays

i f (nday
ddd

[/ At this

Dat e: :yyy
Dat e: : mm
Dat e: : dd
Dat e: : ddd

Date::cur_va

= val ue;

ndays
ngrps;

ndays
ngr ps
ngr ps

ndays
ngr ps
ngr ps

+
(I

ndays
ngr ps
ngr ps

14
non

ndays

s 1=0)

y

/

0
0
0;
0
u

e = 0;

val ue - BIAS;

Cal endar I nfo: :

400;

Cal endar I nfo: :

Cal endar I nfo: :

100;

Cal endar I nfo: :

Cal endar I nfo: :

4.

Célendarlnfo::

Cal endar | nf o:

= short (ndays);
el se ddd = Cal endar| nf o: : DAYS_PER_YEAR

+ Cal endarInfo::isLeapYear(-- yyyy);

point, ddd is the day nunber wthin yyyy

Cal endar I nfo: :ynd(yyyy, nmm ddd);

return;}

11

/1 Meani ngl ess

11
11
11

initializations
required by the
i nki ng | oader

Extract date subfields

To avoi d redundant cal cul ati on we
save the results, but this won't
won't work with nulti-tasking.

DAYS_PER 400_YEARS;
DAYS_PER 400_YEARS;
DAYS PER 100_YEARS;
DAYS PER 100 YEARS;
DAYS_PER 4_YEARS;

DAYS_PER 4_YEARS;

: DAYS_PER YEAR + 1;
% Cal endar | nf o: : DAYS_PER_YEAR,

dd = ddd,;

/1 Test for year end
/1 No -- set days

/! Yes-- adjust to end
/1 of prev. year

// Convert to nonth and

day
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gl obal . hpp
/1@ obal definitions to be used by any part of any program
#i fndef | NT
/1 #include this file at the start of each conpilable (.cpp) file.

/] Then other #include files can assune that these definitions
/!l are already made and need not #include this file thensel ves.

/1 1. Standard C and C++ Library Definitions
e

#include <iostreamh> // C++ stream|-0O

#i ncl ude <assert. h> /1 Debuggi ng (assertion) macro
{1 11. Macro Definitions

e
/1 To save horizontal space in declarations, inprove
/1l programreadability, and encourage use of "const"

#define | NT const i nt
#def i ne SHORT const short
#defi ne LONG const | ong

#defi ne CHAR const char
#defi ne BOOL const boo
#defi ne FLOAT const fl oat
#defi ne DOUBLE const doubl e

#def i ne uint unsi gned int

#define ushort wunsigned short
#defi ne ul ong unsi gned | ong
#def i ne uchar unsi gned char

#define U NT const ui nt
#defi ne USHORT const ushort
#define ULONG const ul ong

#def i ne UCHAR const uchar



/1 d obal definitions (continued)

/1l 111. CGeneric Functions
I e

#define tpl1l tenpl ate<cl ass T>
#define tpl2 tenpl ate<cl ass T1,

11 A Uility and sinple arithnetic

[l e

tpll T abs (T X

tpl2 T1  min (TL X T2Y)
tpl2 T1  max (TL X, T2°Y)

tpll short sign (T X)

tpl2 void swap (T1& X, T2& Y) {T1l tenmpo=X; X=Y; Y=terrpo; r

/1 B. Derived rel ationa

/1 override only ==
tpl2 bool operator!= (Tl Is,
tpl2 bool operator> (T1 Is,
tpl 2 bool operator<= (T1 Is,
tpl2 bool operator>= (Tl Is,
#undef tpl1l

#undef tpl 2

#endi f

inline /
class T2> inline /
{return X >0 ? X
{return X < (T1) Y ? X
{return X > (T1) Y ? X
{return X <O ? -1

operators, so that cl asses
and < as primtives.

rs) {return! (Is ==
rs) {return (rs <
rs) {return! (Is >
rs) {return (rs <=

* Local macros to */
* reduce repetition */

-X }
Y; }
Y; '}
1;}
etu

rn;}

need

G obal . hpp



/1 Mney Cass (copyright 1994, Information D sciplines, Inc)
N R

/[l Objects of this class are anounts of money in a standard currency
/Il (default = U. S.)

#i f ndef MONEY
#defi ne MONEY const Money
#i ncl ude "gl obal . hpp"
#i ncl ude <mat h. h>

cl ass Money {

/1 Internal representation: An integer, scaled so that unity is
I the smal |l est neasurable quantity
doubl e val ue; /1l Floating-point to support required range.

/!l A 64-bit integer, if available, is a nore
11 efficient alternative.

publi c:

static double scale; /1 Smallest fraction of nonetary unit
/1 represented e.g. 100 = cents, 1000 = mls
/1l (Default is 100 -- user can override.)

/1 External representation: Constants used in output and input functions

[l meeemecmee e ee e (initialized in Mney.cpp -- user can override)
publi c:
static char pf x_synbol []; /'l Leading currency synbol (U.S.: "$")
static char sfx_synbol []; /1 Trailing currency synmbol (U S.: "")
static char deci mal _point; // Character for 100ths (U.S.: period)
static char group_separator;// Character for 1000nds (U.S.: comra)
static char uni t _name[]; // Name of nonetary unit (U S.: "dollar")
static char cent _nane[]; I/ Name of fraction unit (U S.: "cent")

Money. hpp



/1 Constructors: To support literal constants, we allow conversion from
[] -cemeeeacns float. This inhibits detection of some m xed expressions.

private: static double round(DOUBLE x); // Assures exact conversion fromfl oat

publi c:
Money(DOUBLE x) : value(round(x * scale)) {}
Money() {} /1l Default constructor for efficiency
/1 The conpiler will supply appropriate versions of:
/1 - the destructor,
/1 - the copy constructor,
/1 - the assignnment operator.

/'l Accessor functions to separate whole and fractional parts:
e e
publi c:
short cents() const
{doubl e dumy; return short(nodf((value + (value <0 ? -.5 :.5))
/ scale, &ummy) * 100);}
doubl e whol eUni ts() const
{doubl e dummy; return nodf(doubl e(value) / scale, & Jumy), dunmy;}

/1 Additive pattern arithnetic operators
R

#define C ass Mney

#i ncl ude "Additive. hpp"
#undef d ass

Money. hpp



Money. hpp

/1 Relational nenber operators: (others in global.hpp)

e e
bool operator== ( MONEY rs) const {return value == rs.val ue;}
bool operator< (MONEY rs) const {return value < rs.value;}
bool operator== (DOUBLE rs) const {return value ==rs * scale;}
bool operator< (DOUBLE rs) const {return value < rs * scale;}
friend

bool operator< (DOUBLE |I's, MONEY rs){return Is*scale < rs.value;}
}; 11 *exxxxxxxx End of class definition
inline bool operator== (DOUBLE |I's, MONEY rs){return rs ==1s;}
ostream& operator<< (ostream& |s, MONEY rs);

#endi f



/1 1D Money class: inplenmentation of non-in-Iline functions
11 and cl ass constants
/1 Copyright 1995, Information Disciplines, Inc., Chicago

/1 See Money. hpp for docunentation

#i ncl ude <i ostream h>
#i ncl ude "Money. hpp"

and decl arati ons

/1l The static nenber data are public, allow ng user overrides w thout
/1 incurring the overhead of nmenber functions. This is acceptable,

/1l because any user errors will be

/1 unlikely to affect conputationa

i medi ately obvious, and are
integrity.

/1 Initial (default) constant values for U S. currency

/!l The user-program may override these values. To avoid inconsistencies,

/!l this should be done only before

char Money: : pf x_synbol [] =
char Money: : sf x_synbol [] =
char Money: : deci mal _poi nt =
char Money: : group_separator =
char Money: : unit_nane[ ] =
char Money: : cent _nane][ ] =
doubl e Money: : scal e =

doubl e Money: :round(const double x)
{doubl e dumy;

any Money objects are created.

||$||.
)
nn

)
] LI

)
] L
H )

"dollar";
n Cent " ,
100; /[l Cents

[/ Static internal function
/1 to round and truncate

return modf (x + (x<0 ? -.5 : .5), &unmmy), dunmmy;

}

Money. cpp



/[l Primtive arithnmetic nmenber operators:

L

/1l For efficiency we follow Scott Myers ("Mre Effective C++", Addi son

/1 Wesley) in defining the conmpound assi gnnment operators as primtive.
Money& Money: : oper at or += ( MONEY rs) {value += rs.val ue; return
Money& Money: : operat or-= ( MONEY rs) {value -= rs.val ue; return
Money& Money: : oper at or *= ( DOUBLE rs) {value =round(value*rs); return
Money& Money: : operator/= ( DOUBLE rs) {value =round(value/rs); return
doubl e Money: :operator/ (MONEY rs) const {return value/rs.value;}
Money Money: :operator- () const

{Money result; result.value = - value; return result;}

11
11

11

Il
Il
Il
Il
Il

11

Qut put display (streaminsertion) operator

Thi s version displays a Money object in the form

- leading mnus sign, if negative
- floating prefix currency synbol (if synbol _pfx = 1)

- whole ambunt in groups of three digits separated by punctuation

- decimal point
- 2-digit (or nore when needed) decimal fraction

ostrean& operator<< (ostrean& |s, MONEY rs)

Conti nued on next page

{Money absx = abs(rs); /1l Get magnitude of argunent
doubl e whol e = absx. whol eUni ts(); /1 lsolate whole nmonetary units
short cents = absx.cents(); /1l lsolate fractional units
Money renmdr = absx - Money((whole * 100 + cents) / 100);
if (rs <0) Ils <<'-"; [/ Print prefix mnus, if needed
I s << Money: : pf x_synbol ; /1 Insert dollar sign

Money. cpp



11

11

11

11
11

Qut put streaminsertion operator function (continued)

Print groups of 3 digits separated by punctuation

const float group_divisors[6] = {1EOf, 1E3f, 1E6f, 1E9f, 1E12f, 1E15f};
short grpNum = (whole == 0) ? 0 : short(logl0(whole) / 3);

i nt grpval = int(whole / group_divisors[grpNuni);

Is << grpVal; /1 Print leftnost 3-digits (no |l eading 0's)

while (grpNum!= 0) /1 For remaining 3-digit groups

{I's << rs.group_separator; /1 Print group separator
whol e -= grpVal * group_divisors[grpNum-]; /1 Conpute new remai nder
grpval = int(whole / group_divisors[grpNun]);// Get next 3-digit val ue
i f (grpval < 100) Is << '0'; /'l Insert enbedded 0's
i f (grpval < 10) Is <<'0'; 11 as needed
s << grpVal;} /[l Print 3-digit value

Print cents portion

s << rs.decimal _point /'l Append deci mal point
<< (cents < 10 ? "0" : "") /1 Append leading O if needed
<< cents; /1 Append cents val ue

Append any additional fractional digits

for (int i = int(Mney::scale/100 -1); i&&(renmdr>0); i--, rendr/=10)

s << (10. * remdr).cents();
| s << Money: :sfx_synbol ; /1 Insert trailing currency synbol
return Is;} /1 Al'l ow nested stream operations

Money. cpp



Tenper at ur e. hpp

[l Tenperature and Tenperature Change cl asses (Copyright 1994,
I e Informati on Disciplines, Inc.)

/1l These cl asses support operations on tenperatures.
#i f ndef TEMPERATURE

#defi ne TEMP_CHANGE const TenpChange

#defi ne TEMPERATURE const Tenperature

/1 Tenper at ure Change (extent) class

cl ass TenmpChange {
friend class Tenperature; // Allow Tenperature nethods to retrieve val ue

doubl e val ue; /1l Internal representation degrees Kelvin or Celsius

/] Constructor

N R
publi c:
TempChange( DOUBLE x = 0) : value(x) {}
/1 Compiler will supply acceptable copy constructor, destructor
/1 and assi gnment oper at or

/1 Arithmetic Operators
N T T

#define O ass TenpChange
#define PureType doubl e
#i ncl ude "Additive. hpp" /* Additive pattern for binary operators */



11

Rel ati onal operators

I LR TR T

bool operator== (TEMP_CHANGE rs) const {return value ==
bool operator< (TEMP_CHANGE rs) const {return value <
/1 1-0 operations

N L

static char* unit; /1 Unit name ("degree") for

ostream& put (ostream& s) const;
i strean& get (i stream& s);

b

11
11
inli
inli

[ FxxFEFxxA A End of class definiti

I nli ne menmber and non-nenber functions

ne
ne

i ne

i ne

i ne

i ne

i ne

ostream& operator<< (ostream& |ls, TEMP_CHANGE rs) {return rs.put(ls);}
i strean®& operator>> (istrean& |'s, TenpChange& rs){return rs.get(ls);}

TenpChange& TenpChange: : oper at or +=( TEMP_CHANGE r s)
{value += rs.value; return *this;

TenpChange& TenpChange: : oper at or - =( TEMP_CHANGE r s)
{value -=rs.value; return *this;

TenpChange& TenpChange: : oper at or *=( DOUBLE rs)
{value *= rs; return *this;

TenpChange& TenpChange: : oper at or / =( DOUBLE rs)
{value /= rs; return *this;

doubl e TenpChange: : operator/ (TEMP_CHANGE rs) cons
{ return value / rs.value; }

rs.val ue;}
rs.val ue;}

nessages

}
}
}
}
t

Tenper at ure. hpp



Tenper at ur e. hpp

/1 Tenperature cl ass
N LR

/1 This class defines Tenperature objects.
cl ass Tenperature {
doubl e val ue; /1 Internal representation

publi c:
stati c DOUBLE zer oCel si us;

/] Constructor, accessors, and conversion functions
I e e P

Tenper at ur e(doubl e kel vin=0.0) : val ue(kelvin) {assert(val ue>=0.0);}

/1 Compiler will supply acceptable copy constructor, destructor
/1 and assi gnment oper at or

doubl e t oKel vi n() {return val ue;}
doubl e t oCel si us() {return value - zeroCel sius;}
doubl e t oFahrenhei t () {return 1.8*toCel sius()+32;}

inline static
Tenperature fronCel sius (DOUBLE x) {return x+zeroCel sius;}
inline static
Tenperature fronfFahrenheit(DOUBLE x) {return fronCel sius((x-32)/1.8);}

/1 Arithmetic Operators

#define Pointd ass Tenperature
#i ncl ude "Poi nt Ext. hpp"



/1l Relational operators
N R T

bool operator== (Tenperature rs) const {return value == rs.val ue;}
bool operator< (Tenperature rs) const {return value < rs.value;}

/1 1-0 operations
N R
static char* wunit; /1 Unit nane ("K") for nessages

ostream& put (ostream& s) const;
i strean®& get (i strean& s);

}s

/1 Inline nmenber and non- menber functions
e R
inline ostream& operator<< (ostream& |s, Tenperature rs) {return rs.put(ls);}
inline istream& operator>> (istream& |s, Tenperature& rs){return rs.get(ls);}

i nline Tenperature& Tenperature::operator+= ( TEMP_CHANGE rs)

{assert(value >= -rs.value); value += rs.value; return *this;}
i nline Tenperature& Tenperature::operator-= ( TEMP_CHANGE rs)

{assert(value >= rs.value); value -=rs.value; return *this;}

#undef d ass
#undef Poi nt Cl ass
#endi f

Tenper at ure. hpp



/1l Tenperature I nplenmentation
/1 See | DI TEMPERATURE. HPP f or docunent ati on

#i ncl ude " gl obal . hpp"
#i ncl ude "Tenper at ure. hpp"

/1 TenpChange i npl enentati on

char* TenpChange::unit = "degree"

ostream& TenpChange: : put (ostrean& |s) const

{I's << value << ' ' << TenpChange::unit;
if (value '=1.0) |Is << 's'; /1 Append English Plura
return I|s;

}

i stream& TenpChange::get(istrean& |Is)

{I's >> value; return Is; } /1 (mainly for debuggi ng)

[/l Tenperature inplenentation

char* Tenperature::unit = "\370K";
DOUBLE Tenperature::zeroCel sius = 273.15;

ostream& Tenperature:: put(ostream& rs) const
{rs << value << unit; returnrs; }

i strean& Tenperature::get(istrean& rs)
{ return rs;

}

Tenper at ure. cpp



