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« ] 4e: vector, matrix, input stream, string, valve controller, robot arm,

device driver, picture on screen, dialog box, graph, window, temperature
reading, clock
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CNAAREREINHT
class X { // this class” name is X

/[ data members (they store information)
// function members (they do things, using the information)

1
o 4311 o
class X {
public:
int m; // data member
int mf(int v) { int old = m; m=v; return old; } // function member
I
X var; /[ var is a variable of type X
var.m =17, /[ access var’s data member m

int x = var.mf(9); // call var’s member function mf()
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class X { Il this class’ name is X
public: Il public members -- that’s the interface to users
/l (accessible by all)
/ functions
/] types
/[ data (often best kept private)
private: Il private members -- that’s the implementation details
/l (accessible by members of this class only)

/l functions

I types
// data \

AT FEA: Hat+RI

}
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o £ &% R BARFA & (private):

class X {
int mf();
...
5
= 4T
class X {
private:
int mf();
...
};
o E s
X X; // variable x of type X
inty =x.mf(); /l error: mfis private (i.e., inaccessible)
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struct X {
int m;
/...
b
= F4F
class X {
public:
intm;
/...
1
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/l simplest Date (just data) —— A& % F #1 _ ~ Date:
struct Date { my_birthday:
inty, m, d; /[ year, month, day y:
}; m:
Date my_birthday; /[ a Date variable (object) d:

my_birthday.y = 12;
my_birthday.m = 30;
my_birthday.d = 1950; // oops! (no day 1950 in month 30)
I later in the program, we’ll have a problem
\\\

43 R4S ® LAEAT 4 L R F A,
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Date:
I/ simple Date (with a few helper functions for convenience) my_birthday:

struct Date {

int y,m,d; /] year, month, day y:
J m:
Date my_birthday; // a Date variable (object) d:
/I helper functions: 1 HoFH, ZXT LEMHE

void init_day(Date& dd, inty, int m, int d); // check for valid date and initialize

void add_day(Date&, int n);  // increase the Date by n days
/...

init_day(my_birthday, 12, 30, 1950); // run time error: no day 1950 in month 30
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Date:
// simple Date my_birthday:
Il guarantee initialization with constructor Z 1950
Il provide some notational convenience . 12
struct Date { )
inty,m,d; /1 year, month, day d: 30
Date(inty, int m, intd);  // constructor: check for valid date and initialize
void add_day(int n); Il increase the Date by n days
% T | aEAHm kTR A
iy LR KRN
Date my_birthday; /[ error: my_birthday not initialized

Date my_birthday(12, 30, 1950); /[ oops! Runtime error

Date my_day(1950, 12, 30); // ok

my_day.add_day(2); /[ January 1, 1951

my_day.m = 14; /[ ouch! (now my_day is a bad date)
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/l simple Date (control access)

Date:
class Date { my_birthday:
|nt y, m, d; /[ year, month, day Vs 1950
public:
/I constructor: check for valid date and initialize m: 12
Date(int y, int m, int d); d. 30
I/ access functions:
void add_day(int n); Il increase the Date by n days
int month() { return m; }
int day() { returnd; }
int year() { returny; }
I
...
Date my_birthday(1950, 12, 30); Il ok
cout << my_birthday.month() << endl; // we can read
my_birthday.m = 14; /l error: Date::m is private
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I/ simple Date (some people prefer implementation details last)

class Date {

public: my_birthday: Date:
/I constructor: check for valid date and initialize - '
Déte(int y, int m, int d); y: 1950
/l |_ncrease the F)ate by n days m. 12
void add_day(int n); )
int month(); d: 30
...

private:
inty,m,d; /[ year, month, day .

) b & B F A4 A

Date::Date(int , Int dd)
'y(yy), m(mm), d(dd) {/* ... */ }; // note: member initializers

Il definition; note :: “member of”

void Date::add_day(intn) {/* ... */ }; /I definition

USTC AUTO



http:/ /staff.ustc.edu.cn/~zlwang/

2 YASET IR -

Il simple Date (some people prefer implementation details last)

class Date {

public:
Il constructor: check for valid date and initialize D
Date(int y, int m, int d); . ate:

my_birthday:

Il increase the Date by n days y_ y
void add_day(int n); y: 1950
int month(); . 12
/... :

private: d. 30
inty,m,d; /[ year, month, day

I

int month() { returnm; } /l error: forgot Date::

/ this month() will be seen as a global function

Il not the member function, can’t access members

int Date::season() {/* ... */'} /[ error: no member called season
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Il simple Date (what can we do in case of an invalid date?)

class Date {
public:
class Invalid { }; /I to be used as exception
Date(inty, int m, intd);  // check for valid date and initialize
/..
private:
inty,m,d; // year, month, day
bool check(int y, int m, int d); /l'is (y,m,d) a valid date?
5
Date:: Date(int yy, int mm, int dd)
- y(yy), m(mm), d(dd) /I initialize data members
{

if (check(y,m,d)) throw Invalid(); Il check for validity

}
\\\%ﬁ&ﬁm%ﬁ@ﬁm?uM£%%?
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cenum(BMR)RA—-MEFTHEGA A AL EY, 22T
— N g £ 4-(M &, enumerators)
3 5] 4o
enum Month {
jan=1, feb, mar, apr, may, jun, jul, aug, sep, oct, nov, dec

I

Month m = feb;

m=17,; Il error: can’t assign int to Month

iIntn=m; /Il ok: we can get the numeric value of a Month
Month mm = Month(7); /l convert int to Month (unchecked)

\ —~MMEEEREAFNEK HG-NEAKT
AR R— Nk GHRE T
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enum { red, green }; Il the enum { } doesn 't define a scope
int a = red; // red is available here
enum { red, blue, purple }; Il error: red defined twice

\\
CR-AFTEINAER

enum Color { red, green, blue, /* ... */ };
enum Month { jan, feb, mar, /* ... */};

KA F HHHE LA A 40 R 6 18 A

Month m1 = jan;

Month m2 = red; [/l error red isn’t a Month —— £ £/ & 4~
Monthm3 =7; /] error 7 isn’t a Month
inti=ml; /I ok: an enumerator is converted to its value, i==
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/I the first enumerator has the value 0,
I the next enumerator has the value “one plus the value of the
/[ enumerator before it”
enum { horse, pig, chicken }; I/ horse==0, pig==1, chicken==

AR A B A R HA
enum { jan=1, feb, march /* ... */}; Il feb==2, march==
enum stream_state { good=1, fail=2, bad=4, eof=8 };
int flags = fail+eof; Il flags==10
stream_state s = flags; // error: can’t assign an int to a stream_state
stream_state s2 = stream_state(flags); I/ explicit conversion (be careful!)
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I/ simple Date (use Month type)

class Date {
public: | EEAERADALTREGHAKD!
enum Month {
jan=1, feb, mar, apr, may, jun, jul, aug, sep, oct, nov, dec
};
Date(int y, Month m, int d); // check for valid date and initialize
/... | Date:
orivate: my_birthday:
inty; Il year y: 1950
Month m;
’ . 12
int d: /I day m:
b d: 30
Date my_birthday(1950, 30, Date::dec); // error: 2" argument not a Month
Date my_birthday(1950, Date::dec, 30); /Il ok
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class Date {
public:
...
int day() const { return d; } Il const member: can’t modify
void add_day(int n); /[ non-const member: can modify
) .. const s, i & # R 46 & sk # 42 &, R

Date d(2000, Date::jan, 20);
const Date cd(2001, Date::feb, 21);

cout << d.day() << " - " << cd.day() << endl; // ok
d.add_day(1); I/ ok
cd.add _day(1); //error: cdis a const
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Il

Date d(2004, Date::jan, 7); /[ a variable
const Date d2(2004, Date::feb, 28); // a constant
d2 =d; /[ error: d2 is const

d2.add(1); I/ error d2 is const

d=dz; /Il fine

d.add(1); /I fine

d2.f(); // should work if and only if f() doesn 't modify d2

Il how do we achieve that? (say that’s what we want, of course)
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// Distinguish between functions that can modify (mutate) objects

Il and those that cannot (“‘const member functions”)

class Date {
public:
/...
int day() const;// get (a copy of) the day
/..
void add_day(intn);  // move the date n days forward
/...
1. T JEconst sy, i & 2 G B BN A S48 ok # BB
const Date dx(2008, Month::nov, 4); const% € = 4% 4% Al const &, i & £

intd = dx.day(); // fine/‘ CONSLAA 7 & Ao 4% Al k. 6 7 A 4 32
dx.add _day(4); [/l error: can’t modify constant (immutable) date
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# N A H %k
s HAAEGRE N HF—NA A
A & &K
© AW RT A 2 4 R4

X 13 4o

Date d; // error: no default constructor
Date d2 =d; // ok: copy initialized (copy the elements)
d=d2; I/ ok copy assignment (copy the elements)
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= £y IE A R B

= e.g. == (equality) , !'= (inequality)
= next_weekday(), next_Sunday()
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Date next_Sunday(const Date& d)

{
/l access d using d.day(), d.month(), and d.year()

/I make new Date to return

}
Date next_weekday(const Date& d) {/* ... */}

bool operator==(const Date& a, const Date& b)

{
return a.year()==Db.year()
&& a.month()==b.month()
&& a.day()==b.day();
}

bool operator!=(const Date& a, const Date& b) { return !(a==Db); }
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P RTUAaATHER (£, KB L2 L UF A GCHE H 4§
" BB EHA REBETR
enum Month {
jan=1, feb, mar, apr, may, jun, jul, aug, sep, oct, nov, dec

I
Month operator++(Month& m) /I prefix increment operator
{
m = (m==dec) ? jan : Month(m+1); /Il “wrap around”
return m;
}
Month m = nov;
++m; // m becomes dec
++m; // m becomes jan
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P AMRRAREXEGEBAGERLG® (K26 ER )
= eg,t-*/ W[ ()N &<<=>>=
C MR EAGERL G LA SR GCHE E— (R EHBNDA)
=g, A EL—~AH<= (I TFHF F)lo=ne! ()
C AN EROERL G EIANA AL LR GHRER
= int operator+(int,int); /[ error: you can’t overload built-in +
= Vector operator+(const Vector&, const Vector &); Il ok
o # L (55 H0)
s TREANRABHLRAEL
"t ruRPE, TREARAR, [[RaAEE, ) RERAAA FF
o #BL(EEFTAN)
" BARAIAETREL G MRAKRENRD, FMAZAKGEY 2 LE
A (kg resTH)!
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Namespace Chrono{

private:
class Date{ inty;
public: Month m;
enum Month { ... }; \ int d;

class invalid { };
{} /I true for valid day

Date(int y, Month m, int d); bool is_date(int y, Date::Month m, int d);

Date();

/I default copy operations are fine /ltrue ity is a leap year

bool leapyear(int y);

int day() const { return d; }
Month month() const { return m; }
int year() const { returny; }

bool operator==(const Date& a, const Date& b);
bool operator!=(const Date& a, const Date& b);

void add_day(int n); ostream& operator<<(ostream& os, const Date& d);

void add_month(int n);

void add_year(int n); istream& operator>>(istreamé& is, Date& dd);

} /I Chrono
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