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M !#"  �N &O��P $ %  QP % ' " / !#% P�'�. !#% " � !#"  �P�� !�"  % P	'��� 4- % �4R S T UQU�V W X Y U�Z Design Patterns- " . �\[ !#"  �N &]' % P $ %  \� $ � % '\' % � � &  _^ `Q+ % $ � '#.a' % $ ` $ % ' % �	� % P�' % " & . ^]' % $ % � '#/]+ '� �.�b � % N	�
M c !#" " d � � $ d * c ' % $ % � '#/ % ' % " & .0^ ` ! '#� � e �	^*#P " " ' $�f ��-�. �g� " & . .K`� �`� h- % � % [ Proxy i �g- % � !#" & % � " � Design Patterns i �j� P�-f R �	. N � Z�k i % R � % `#� `�Z�l !�" � % d � / % -#��'#-�'#`� # � #� String

'�m�^ P� �^
class String
{
public:

String(const char* s = 0);
String(const String &right);
const char * get() const { return str; }
char& operator[](int pos);
String operator+(const String& str) const;
String & operator=(const String &right);
~String() { if(str) delete str; }

private:
char* str;

};

f b �0� " � " Copy C’tor i � % ^ c $ � !#" � % d � / % -��O^ ` " . " - $ ` %  "  f R n & % �  �Z o p qaW r q0' " $ *#P� #��^ & String ! N &0� " � P� O� % . " P���� % d � / % -Ls
String String::operator+(const String &right) const
{

String ret;
char* s;
if (!right.str)

return *this;
if (!str)

return right;
s = new char[strlen(str) + strlen(right.str) + 1];
strcpy(s,str);
strcat(s,right.str);
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ret.str = s;
return ret;

}
 f " ^ -# �`#^ " $  " ��'�� % � P� �� ! N &�^ `\��m�'�& ��& N .  _�	. N ����� % d � / % -Ls

String & String::operator=(const String &right)
{

if (&right == this)
return *this;

if (str)
delete str;

if(right.str)
{

str = new char[strlen(right.str) + 1];
strcpy(str,right.str) ;

}
else

str = 0;
return *this;

} f b �]`� %  # Copy c'tori �us
String::String(const String &right)
{

if(right.str)
{

str = new char[strlen(right.str) + 1];
strcpy(str,right.str) ;

}
else

str = 0;
}

v�w x�y0z {}|�~4z z �]�
f -�. �O`� �'�`� ���� % mO'�-O'#& �]+ P	. $

String s1(“hello”);
String s2, s3, s4(s1);
s2 = s1;
s3 = s1 + s2; f ' % ^ -#`

n ' " $ � '#�Ob ^ �� �. !#" � N % $ String "  �N &0�� #�]R ,n ' " $ � '�.a` " ' % $ % `_' % � % � P� ��� #�]R �
f ' % . % `#'

M ' " $ � '���'�^ " P	'�. !�" � � e %  �� String "  �N &0�	& . � - !#" � N % $ ' " `#-��aR ,
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String s1(“hello”);
String s2, s3, s4(s1);

f � % *#.0�	� P %  �- % � % [ ' " $ *#P� #��^ & " $  #� ! N &�� N % $ [ s1 + s2
[ � % . " P���'#^ % & / .

String String::operator+(const String &right) const
{

String ret;
...
return ret;

}b � & " c &�� � P %  �� % ^ `�m�'#& ��� % ret f !#"  �N & " $ ` ! N & .��	� N "K% �K�	^ % & /�[ + � ^
 M copy constructori � " c &�� N % $ + � ^ % [ (By-value)

! ��' % � % � P� �� " � � &0' " $ � '#� � % *�.�[ `� �'#`� ��O� % m " c / &]R �
s1 = s2 = s4 = “hello”
s3 = “hellohello” M ' " $ � '#.0' % $ % `�' % � % � P� " '#`_' %  " " mO�  % ^ �
!#" � N % "  �� !�"  �N & � � % & f ' % " & . " '#`<'�� % � P� #�4'#m�^ P� �. !#" ^ e  % $ -<[ ' " $ � '��4' % ^ " & " ' $ " P	.  "  �N &]^ `4+ % � � " �#+ � % '\^ % / � " ` % [ R l�� % d � / % -	Z�b � & " c & ! N &0' % � " � P� #�O' % " N m $ % / . %�!#" � % d � / % -�.+ % e ��' % m�^ P� \� % . &�� P % "  �.��	/ " � P\� " " & . � M R k\� % d � / % -	Z#������b � &�' % ^ & .O+ �\^ & % / . `Q'�� % � P� M !#" ^ % � e�+ % � � " � " N N % P�& N %  � �. !#" m " � P� #��[ !�" � � &  % ' % � % � P� 

Proxy � |4z z �]�0|�� w �0~4x
i � f Proxy i .�` %  " `Q- % �\[Design Patterns

' % � / *�.a� � %  4- % ��` " / ��[ �	^ % / � �_� " & . �_+ % � '�/
M �	^ `_' % � ' % "  �' % m�'�& ��'�& $ %  % � ' % " c �	� . � c ��m�^ P� �'#e N " "  #� c ��^ m c ��m�^ P� �- % � Proxy�� % " m\^ &a& � % "�% $ " -4- % � % (Proxy)

'#e N " "  #�_��m�^ P� ��_'#-4m�� c � " �  c `� �'#`� ��_� % m f + % " & � �'#e N " "  #�K��m�^ P� ��K^ &�' % & N % .  #�Q' % ^ % & / �K^ � M '�`� � # ��<��m�^ P� ��j[ ' " ' "  #-��K��m�^ P� ��Q^ `f '�`� � # ��O��m�^ P� ���^ - (Delegated)
U�V � � ��V �

String� � � � ��� � � � �
Delegation

� � � � �#� � �
String� � � � � ��� � � � �
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f '#`� � # ��_��m�^ P� ��_-�^ % '�m�'#& %  ��_- " ��'�e N " "  ��_��m�^ P� #�_[ ' % � % � P� _'#m�'�& ��'#& N % .  _� `#-#�� " � "�!�"  �N & � !#" `#� '4[ ^ c $ �O`� �'�`# #��' " $ � '#.a[ ^ `� �^
s1

hello

s2

s4

s3

hellohello

f + � " $ " .0� `#m#� % ' % m�^ P� #�O� $ .  O'�-���-��  _RUML !#" `#� '�Z -�. �O' % m�^ P� #� !#" `�� '
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� ��� �� !#"#$&% � �
� String_imp�'�# !�")( ��*'"'"#"'$+$��# !�"'$-,

class String_imp
{
public:

String_imp(const char *str) ;
String_imp(const String_imp&);
const char * get() const { return str; }
char& operator[](int pos);
String_imp* operator+(const String_imp&) const;
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String_imp& operator=(const String_imp&);
~String_imp() { delete str;}

private:
char *str;

};
 @ ��� ���'A $�$#��B � C D E F $&��� G�H��#$+�'�  � A IJ�'GK A � I LM��*'"'"#"N� F�$#�� !#"

� String ( �'O H E E "'$+$��# !�"'$-,
class String
{
public:

String(const char *str = 0);
String(const String &str) : imp(str.imp) { }
const char * get() const { return imp ? imp->get() : ""; }
String operator+(const String& str) const;
char& operator[](int pos);
String & operator=(const String &);

private:
String_imp *imp;
String (String_imp* other_imp) { imp = other_imp; }

};

�'!� � *#P $� E H�G'"#� String_imp Q "SR'H A  +A E L H "S$#��E F !�" String $��� !�"#$S( �'� G#C  KB �#E T *UE I D� ��O H E E "'$+$��# !�"#LWV DJC % O � ")X+C � Y#C I � G#$ @ !�� �# $&��� *���LW�'GN� E  G
String String::operator+(const String &str) const
{

if (!str.imp)
return *this;

if (!imp)
return str;

return *imp + *str.imp;
} @ String_imp( ��*�"#"'"#$+$#�� !#"#$&C � L A&X+C � Y'C I � G'$ZE P *�"'")�  E O C �

 
� �'O H E E "'$+$��# !�"#LWV DJC % O � "\[+C � Y'C I � G#$

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

if ( &str != this )
{

if (imp)
imp->decRc();

imp  = str.imp;
if (imp)

imp->incRc();
}
return *this;
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]
}�  GNR' � G)( String E "#H AWR�$&�'E T ^'!�"'$& A`_ R'E  E E Y�"'_ ��R#E �#�#A � "#$KR#E % E !�E $KR#E "#H A $N� $�G#H�� �'$a A E L H�"+ * sizeof G#� $ String $#�� !#"#$�"NR'H AM * sizeof Q $+$#*#A "� Q R#E  �KR'E "�H A

(Reference Count)bSc dMc eMfWgih\c c j g
R'T E G String_imp $��# !�"'$kE "�H AZ� $#"� *lG� UB E E % A Q $�E �# !kE T *m A Q String $#�� !#"#$� n E ^'� $� WV C Y#H T�V DWR�*# @ R'E C C !�� *�"

@ �'*�"#"'"#$K$��� !�"�L (Reference Count)R'E A E L H�"+�'E E T "Z,
@ $�T � �#T�$#�� !#"� MR'E A E L H "'$&C I ^'"K�#C E I ^)$��'� A "#*�"KR'E A E L H�"+�'E E T "po

@ R'H A  MR'E A E L H�"'$&C I ^'"K�'GN$�T "�E *)R' *)$�T �'*�"N��E F !�E��'*�"'"#"'$+$��# !�"'$�"KR'H AqoB � C D F $�"K� "#H AM�'GKC !�!#*#E�R'H A $K( r Q  MA E O E�$#F�A E L H "KC *�G'Dqo
private Q DMC % O � E destructorQ $K( *�"���*'"'$&% � �+% H "K�#E C *'I G+��� A YNA � T "� ME % D Lso

Q LU� ��� GkC ^'!����+( $� * constructor Q LUR'E A E L H�"#$k$�T � "t�'GtR'% ���t��O H E E "#$k$��# !�"'$-,@ destructor

� ��� �� !�"#$K� G�C E E�V D`( R'E A E L H "'$&�'E E T "+�'I ^'� �NC !#G� 
class String_imp
{
public:

String_imp(const char *str) ;
String_imp(const String_imp&);
const char * get() const { return str; }
char& operator[](int pos);
String_imp* operator+(const String_imp&) const;
String_imp& operator=(const String_imp&);
void incRc() { rc++; }
void decRc() { if (--rc < 1) delete this; }

private:
~String_imp() { delete str;}
char *str;
int rc;

};

class String
{
public:

String(const char *str = 0)
{

if (str) {
imp = new String_imp(str);
imp->incRc();
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} else

imp = 0;
}
String(const String &str) : imp(str.imp) { if (imp) imp->incRc(); }
const char * get() const { return imp ? imp->get() : ""; }
String operator+(const String& str) const;
char& operator[](int pos);
String & operator=(const String &);
~String() { if(imp) imp->decRc(); }

private:
String_imp *imp;
String (String_imp* other_imp) { imp = other_imp; }

};

$��# !�"# String �'�# !�"S *U � H E I  KA % � "U� T E GUG'� $ Q E � T E *�$�"SA I *'� "U� T E GU*�"#�'*�"#$v% � �#$� �'*�"#"'"K$#�� !#"� � ��O H E E "
String s1(“hello”);
String s2, s3, s4(s1);
s2 = s1;
s3 = s1 + s2;

���'A DWG#� $+R'E "#H A $+R'E *#C �
s1

rc = 3

hello

s2

s4

rc = 1

s3

hellohello

(On demand) wMxWy ftc z`{Z{Jy z`|Wc }
� R#% � �#$K*'"#�'*�"'$&% � �# JC � F !�T

String s1(“hello”);
String s2, s3, s4(s1);
s2 = s1;
s3 = s1 + s2; $� � A I $+�#A H�� L "+�'A D *)!�E T T �
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s1.toUpper();� $�T E ���)$� � A I $KR�G#$ @ “HELLO” Q  “hello” Q " s1 ��F � C !�"#$+ *NY'^'�#Y'$+�'GN$�T *�"N� F�$� � A Ia $�T � * s2, s4 ��� F � C !�"#$+ *)$�D C AMR�O#(  E A  J % � "'$&E I  
A H L  )$�^#T "-*�"#�'*�"#$S% � �#*ZA O C L (imp) ��*'"'"#"'$U$��# !�"'$SR'H AN�'GU I D *' )G#� $UB � C �'I $
getCopy() $�E H���T � I $l�'G String_imp $��# !�"#LtC E % O T @ R#H A $lL H�"��'G�$�T *�"'$l$� � A I� � rc=1 R�GN( � "�H AMR'H A $&��GK� G�� R'H A $& *)*'% !K���'A $+$�C E F !#"#$
String_imp* String_imp::getCopy ()
{

if (rc == 1)
return this;

--rc;
return new String_imp(*this);

} � toUpper()$�E H��#T � I $&��GKV DM*�"#"#T String $��# !�"#L
void String::toUpper()
{

if (!imp)
return;

imp = imp->getCopy ();
imp->upper();

}

Proxy {�}�bSc z&�vy jNbSc �Mc �)z&h
�'G'*' \ � D E&$'F Pattern @ R'E  � % O+R#E "#H A\ � I D E *'LUV C � H $Z�'GkA T � " Proxy Q $k( � T E G�C *tE I D� R'E I ^'� T�R'E % E ��I �'L
% AU( ��^'E % $#"kA E L H "mG#� $k� E  A *mR'H A $Z�'GtB A � Ym� T E G#* Proxy � $'F Q Virtual Proxy ,�'�  A L\��� T � "��tB � O D\% � G'"ZR'E  � % O&R#E "#H A)C � L A)E *�� "�E *tB � T O T "Z� $#F @ � LvB � *�G#C $-*�� "�E *' @ $�$�� L O�$�E H��  � F C
Proxy Q $\( $#F�� % E ��I �'L @ �'!�� C ")L *�!�"\ A+G�H�"#T $)R'H A  &�'*�O  &C *#I G#" Q Remote Proxy,@ �'*'C $+V C %WR'H A  M!#� �� $+% � �K�'� G#E C �K�'GKC E L A "
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