
!"#"#$%&$'()*++,)-.(/
!"#$%&'()"

*+,(-.+&'/&0(%1##+%
2(%1##+%/,(3
4*+,(0(%1##+%

5678

!"#$%&'()"
9:"&;+<<"=&>".#1?"%&.=<&9?.@%&(A&BCC&'()"&D"3.=#+,%&

" 4*+,(0(%1##+%

*+,(-.+&'/&0(%1##+%

0 E=<"@"=<"=#&,(=%1-#.=#
1 2(3+,3*(*)4&$45673,38$),3.5$9:;"

0 BCCF
1 ),3.5$9::#
1 <=>$=+63?67?$2(//,++55$),3.5$9::@

0 G#:"?&9(@+,%F
1 =&)+5/)$A7.B,+5.+
1 C5.B3,.64$D636857
1 =>A
1 E$63?$>=FGD(+,H
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I 4*+,(0(%1##+%

HI"=<.

E3@-"3"=#&.=<&#"%#&.
class Email

?"@?"%"=#+=I&"3.+-&.<<?"%%"%
:.)+=I&I((<&@"?A(?3.=,"

; 4*+,(0(%1##+%

J%+=I&K"="?.#"<&'()"&D"3.=#+,%

class Customer {
private:
std::string first;
std::string last;
long        id;

public:
Customer(const std::string& f, const std::string& l, long i)
: first{f}, last{l}, id{i} {
}
---$$66&=(&%@",+.-&3"3L"?&A1=,#+(=%

};

std::vector<Customer> cv;
///
cv.push_back(Customer{"Art","Lee",42}); 66&,?".#" ,1%#(3"?&.=< ,(@M63()" +#&+=#(&cv

NH?#N
N!""N
O7

///&

3()"
NH?#N
N!""N
O7

NH?#N

N!""N

O7

NH?#N

N!""N

?6+6$)58/53+J
NH?#N
N!""N
O7

cv:
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@ 4*+,(0(%1##+%

class Customer {
private:
std::string first;
std::string last;
long        id;

public:
Customer(std::string f, std::string l, long i)
: first{std::move(f)}, last{std::move(l)}, id{i} {
}
---$$66&=(&%@",+.-&3"3L"?&A1=,#+(=%

};

std::vector<Customer> cv;
///
cv.push_back(Customer{"Art","Lee",42}); 66&,?".#" ,1%#(3"?&.=< ,(@M63()" +#&+=#(&cv

J%+=I&K"="?.#"<&.=<&E3@-"3"=#"<&'()"&D"3.=#+,%

NH?#N
N!""N
O7

///&
3()"%

NH?#N
N!""N
O7

NH?#N

N!""N

O7

NH?#N

N!""N

?6+6$)58/53+J NH?#N

N!""N
3()"% NH?#N

N!""N
O7

cv:

K 4*+,(0(%1##+%

PMQR.-1"&.=<&std::move() +%&.-3(%#&#:"&P"%#
std::string s = "Joe";
Cust c{"Joe", "Fix"};         66&.#&-".%#&7&3.--(,%
Cust d{s, "Fix"};             66&.#&-".%#&7&3.--(,%
Cust e{std::move(s), "Fix"};  66&.#&-".%#&S&3.--(,

S8 3.--(,%&TO,? C&5,@U

class Cust {
Cust(const std::string& f, const std::string& l)
: first{f}, last{l} {
}

Cust(std::string f, std::string l)
: first{std::move(f)}, last{std::move(l)} {
}

Cust(const std::string& f, const std::string& l)
: first{f}, last{l} {
}
Cust(std::string&& f, std::string&& l)
: first{std::move(f)}, last{std::move(l)} {
}
Cust(const std::string& f, std::string&& l)
: first{f}, last{std::move(l)} {
}
Cust(std::string&& f, const std::string& l)
: first{std::move(f)}, last{l} {
}

};

V&3.--(,%&TO,? C&S,@ C&W3)U

V&3.--(,%&TO,? C&S,@ C&V3)U
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: 4*+,(0(%1##+%

PMQR.-1"&.=<&std::move() +%&.-3(%#&#:"&P"%#
std::string s = "Joe";
Cust c{"Joe", "Fix"};         66&.#&-".%#&7&3.--(,%
Cust d{s, "Fix"};             66&.#&-".%#&7&3.--(,%
Cust e{std::move(s), "Fix"};  66&.#&-".%#&S&3.--(,

S8 3.--(,%&TO,? C&5,@U

class Cust {
Cust(const std::string& f, const std::string& l)
: first{f}, last{l} {
}
Cust(std::string&& f, std::string&& l)
: first{std::move(f)}, last{std::move(l)} {
}
Cust(const std::string& f, std::string&& l)
: first{f}, last{std::move(l)} {
}
Cust(std::string&& f, const std::string& l)
: first{std::move(f)}, last{l} {
}
Cust(const char* f, const char* l)
: first{f}, last{l} {
}
Cust(const char* f, const std::string& l)
: first{f}, last{l} {
}
Cust(const char* f, std::string&& l)
: first{f}, last{std::move(l)} {
}
Cust(const std::string& f, const char* l)
: first{f}, last{l} {
}
Cust(std::string&& f, const char* l)
: first{std::move(f)}, last{l} {
}

};

V&3.--(,%&TO,? C&S,@ C&W3)U

V&3.--(,%&TO,? C&S,@ C&V3)U

V&3.--(,%&TO,? C&S,@ C&S3)U

9# 4*+,(0(%1##+%

B(=%#?1,#(?%&%:(1-<&3()"&
+=+#+.-+X" "Y@"=%+)"&3"3L"?%&
A?(3&LMQ).-1"&@.?.3"#"?%

B(3@.?"&Z.M%&#(&E=+#+.-+X"&'"3L"?%
std::string s = "Joe";
Cust c{"Joe", "Fix"};         66&.#&-".%#&7&3.--(,%
Cust d{s, "Fix"};             66&.#&-".%#&7&3.--(,%
Cust e{std::move(s), "Fix"};  66&.#&-".%#&S&3.--(,

S8 3.--(,%&TO,? C&5,@Uclass Cust {
std::string first;
std::string last;
int idx;

public:
/// 66&S&Q [&,(=%#?1,#(?%

};

class Cust {
std::string first;
std::string last;
int idx;
std::array<Coord,100> val;

public:
/// 66&S&Q [&,(=%#?1,#(?%

};

V&3.--(,%&TO,? C&S,@ C&W3)U
V&3.--(,%&TO,? C&S,@ C&V3)U
V&3.--(,%&TO,? C&S,@ C&S3)U

.46)),.J
/(L5J
64475HJ
644J

classic:  8.29763
move:     5.78400
allref:   5.76791
all:      5.75993
classic: 11.03440
move:     8.73324
allref:   8.62878
all:      8.74176

13.2746
5.9336
5.8211
5.7886

15.1944
8.6309
8.5899
8.2674

Z+#:
.??.MF

4.95914
2.74172
2.41148
2.31567
7.68108
4.89639
4.81283
5.38340

\-.#A(?3&P\-.#A(?3&H \-.#A(?3&B
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99 4*+,(0(%1##+%

K"##"?%&LM&R.-1"

class Cust {
private:

std::string first;
std::string last;
int         id;

public:
Cust(std::string f, std::string l = "", int i = 0)
: first{std::move(f)}, last{std::move(l)}, id{i} {

}
void setLast(const std::string& s) {

last = s; 
}
std::string getLast() const {

return last; 
}
///

};

Cust readCust();
using namespace std;

Cust c{"Joe","Fix",42};
auto s = c.getLast();         66&G]
cout << c.getLast();          66&%-(^
cout << readCust().getLast(); 66&%-(^

vector<Cust> coll;
for (const auto& c : coll) {
if (c.getLast().empty()) {  66&%-(^
///

}
}

9" 4*+,(0(%1##+%

K"##"?%&LM&_"A"?"=,"&`

class Cust {
private:

std::string first;
std::string last;
int         id;

public:
Cust(std::string f, std::string l = "", int i = 0)
: first{std::move(f)}, last{std::move(l)}, id{i} {

}
void setLast(const std::string& s) {

last = s; 
}
const std::string& getLast() const {

return last; 
}
///

};

///
Cust c{"Joe","Fix",42};
auto s = c.getLast();         66&G]
cout << c.getLast();          66&A.%#
cout << readCust().getLast(); 66&A.%#

vector<Cust> coll;
for (const auto& c : coll) {
if (c.getLast().empty()) {  66&A.%#
///

}
}
66&-((@&()"?&,:.?%&(A&#:"&=.3"F
for (char c : readCust().getLast()) {
cout << c;

}

B(?"&<13@
.#&L"%#
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9I 4*+,(0(%1##+%

K"##"?%&.=<&_.=I"QP.%"<&for !((@

class Cust {
private:

std::string first;
std::string last;
int         id;

public:
Cust(std::string f, std::string l = "", int i = 0)
: first{std::move(f)}, last{std::move(l)}, id{i} {

}
void setLast(const std::string& s) {

last = s; 
}
const std::string& getLast() const {

return last; 
}
///

};

///
Cust c{"Joe","Fix",42};
auto s = c.getLast();         66&G]
cout << c.getLast();          66&A.%#
cout << readCust().getLast(); 66&A.%#

vector<Cust> coll;
for (const auto& c : coll) {
if (c.getLast().empty()) {  66&A.%#
///

}
}
66&-((@&()"?&,:.?%&(A&#:"&=.3"F
for (char c : readCust().getLast()) {
cout << c;

}

_.=I"QL.%"<&for -((@F
auto&& _rg = readCust().getLast();
for (auto _pos=_rg.begin(), _end=_rg.end(); _pos!=_end; ++_pos ) {
char c = *_pos;
cout << c;

}

readCust().getLast()

char c

char c
66&>.#.-&_1=#+3"&a__G_
readCust().getLast()

66&-+A"#+3" (A&?"#1?=&).-1"&(A&readCust() "=<% :"?"

9M 4*+,(0(%1##+%

G)"?-(.<&K"##"?%&LM&_"A"?"=,"&b1.-+A+"?%

class Cust {
private:

std::string first;
std::string last;
int         id;

public:
Cust(std::string f, std::string l = "", int i = 0)
: first{std::move(f)}, last{std::move(l)}, id{i} {

}
void setLast(const std::string& s) {

last = s; 
}
std::string getLast() && {

return std::move(last);
}
const std::string& getLast() const& {

return last; 
}
///

};

///
Cust c{"Joe","Fix",42};
auto s = c.getLast();         66&G]
cout << c.getLast();          66&A.%#
cout << readCust().getLast(); 66&A.%#

vector<Cust> coll;
for (const auto& c : coll) {
if (c.getLast().empty()) {  66&A.%#
///

}
}
66&-((@&()"?&,:.?%&(A&#:"&=.3"F
for (char c : readCust().getLast()) {
cout << c; 66&G]

}

A(?&?).-1"% N(%'5.+)$O,+B$3($36/5
63?$(%'5.+)$/67P5?$O,+B$move()Q
?"#1?=&LM&).-1"

A(?&-).-1"% N(%'5.+)$O,+B$6$36/5Q
?"#1?=&LM&?"A"?"=,"
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9R 4*+,(0(%1##+%

'()"<QA?(3&D#.#"%

0 _"c1+?"3"=#% LM&#:"&BCC&D#.=<.?<&!+L?.?M
1 A$/(L5?SH7(/$(%'5.+$,)$3(+B,38$)T5.,64
1 A44$75U*,75/53+)$64)($6TT4&$+($/(L5?SH7(/$(%'5.+)
0 V)*644&J$$?5)+7*.+,(3$63?$6)),83/53+
0 W*+$sort() /,8B+$.644$X$H(7$6$/(L5?SH7(/$(%'5.+

1 D(L5?SH7(/$(%'5.+)$)B(*4?$64)($)*TT(7+$644$75U*,75/53+)

0 K1.?.=#""% LM&#:"&BCC&D#.=<.?<&!+L?.?M
1 D(L5?SH7(/$(%'5.+)$675$,3$6$valid but unspecified state
0 Y($,3L67,63+)$%7(P53
0 A44$(T576+,(3)$O(7P$6)$5ZT5.+5?

1 CB5)5$8*6763+55)$H*4H,44$+B5$75U*,75/53+)

0 E<".--M&M(1&I+)"&#:"&%.3"&I1.?.=#""%&A(?&M(1?&#M@"%

*3?57$?,).*)),(3
%&$+B5$2[[$.(//,++55

9; 4*+,(0(%1##+%

_"c1+?"3"=#%&H,,(?<+=I&#(&D^.@

0 H%%+I= ="^&).-1"%&#(&3()"<QA?(3&(L2",#%
1 Y(+5J$)54HS)O6T$)B(*4?$O(7P

0 d"%#?(M 3()"<QA?(3&(L2",#%

4
bF

? 6 6 \#+

`
aF

L 6 * 54 \#

5
tmpF

4
bF

? 6 6 \#+

5
aF

L 6 * 54 \#

`
bF

? 6 6 \#+

4
aF

L 6 * 54 \#

5
tmpF

5
bF

? 6 6 \#+

4
aF

L 6 * 54 \#

`
tmpF

void swap(T& a, T& b) {
tmp = std::move(a);
a = std::move(b);
b = std::move(tmp);

}
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9@ 4*+,(0(%1##+%

J%+=I&#:"&K1.?.=#""%&A(?&'()"<QA?(3&GL2",#%

std::vector<std::string> coll;
///
std::string row;
while (std::getline(myStream, row)) {

coll.push_back(std::move(row));   66&3()"&#:"&-+="&+=#(&#:"&)",#(?
}

std::stack<int> stk;
///
foo(std::move(stk));   66&%#e I"#%&1=%@",+A+"<&%#.#"&
stk.push(42);
/// 66&?($)(/5+B,38$54)5$O,+B(*+$*),38$)+P
int i = stk.top();
assert(i == 42);       66&%:(1-<&=")"?&A.+-

9K 4*+,(0(%1##+%

E=).?+.=#%&P?(e"=&LM&'()"&D"3.=#+,%

class Email {
private:
std::string value;

public:
Email(const std::string& val)
: value{val} {
assert(value.find('@') != std::string::npos);

}
void setValue(const std::string& val) {
value = val;
assert(value.find('@') != std::string::npos);

}
std::string getValue() const {
return value;

}
///

};

Email e1{"nico@josuttis.de"};
assert(e1.getValue().size() > 0); 66&B(4?)
Email e2{getEmail()};    66&/(L5)
assert(e2.getValue().size() > 0); 66&B(4?)
Email e3{std::move(e1)};          66&/(L5)
assert(e1.getValue().size() > 0); 66&A.+-%

E=).?+.=#F
>%'5.+)$64O6&)$B6L5$63$5/6,4$6??75))
NgetValue() B6)$6$)+7,38$O,+B$6$]Q

0 '()"<QA?(3&(L2",#%&,.=&L"&
+=&+=).-+<6+=,(=%+%#"=#&%#.#"%

0 G=-M&.&@?(L-"3&^:"=&1%+=I&
(L2",#%&.A#"?&std::move()
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9: 4*+,(0(%1##+%

d"-"#+=I&K"="?.#"<&'()"&D"3.=#+,%

class Email {
private:
std::string value;

public:
Email(const std::string& val)
: value{val} {
assert(value.find('@') != std::string::npos);

}
void setValue(const std::string& val) {
value = val;
assert(value.find('@') != std::string::npos);

}
std::string getValue() const {
return value;

}
///
66&<+%.L-"&I"="?.#"<&3()"&(@"?.#+(=%F
Email(Email&&) = delete;
Email& operator=(Email&&) = delete;

};

Email e1{"nico@josuttis.de"};
assert(e1.getValue().size() > 0); 66&B(4?)
Email e2{getEmail()};    66&.(/T,45S+,/5$577(7

Email e3{std::move(e1)}; 66&.(/T,45S+,/5$577(7

0 d(=$#&1%"&=delete #(
<+%.L-"&3()"&%"3.=#+,%

"# 4*+,(0(%1##+%

d+%.L-+=I&K"="?.#"<&'()"&D"3.=#+,%

class Email {
private:
std::string value;

public:
Email(const std::string& val)
: value{val} {
assert(value.find('@') != std::string::npos);

}
void setValue(const std::string& val) {
value = val;
assert(value.find('@') != std::string::npos);

}
std::string getValue() const {
return value;

}
///
66&H(7.5$=(# +($B6L5$853576+5?$/(L5$(T576+,(3)J
Email(const Email&) = default;
Email& operator=(const Email&) = default;

};

Email e1{"nico@josuttis.de"};
assert(e1.getValue().size() > 0); 66&B(4?)
Email e2{getEmail()};    66&.(T,5)
assert(e2.getValue().size() > 0); 66&B(4?)

Email e3{std::move(e1)};          66&.(T,5)
assert(e1.getValue().size() > 0); 66&:(-<%

0 J%"&=default A(?
%@",+.-&,(@M 3"3L"?%&#(
<+%.L-"&3()"&%"3.=#+,%
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"9 4*+,(0(%1##+%

N_1-"&(A&>+)"N

0 EA (="&(A&#:"&A(--(^+=I&V&%@",+.-&3"3L"?&A1=,#+(=%
+%&<",-.?"<F
1 2(T&$.(3)+7*.+(7
1 D(L5$.(3)+7*.+(7
1 2(T&$6)),83/53+$(T576+(7
1 D(L5$6)),83/53+$(T576+(7
1 ^5)+7*.+(7
M(1&%:(1-<&<",-.?"&.--&(A&#:"3

0 Nd",-.?"<N&3".=%&(="&(A&#:"&A(--(^+=IF
1 E3@-"3"=#"<J$$$$$$$$$$$$$$$$$$$$$$$$$$$ {---}
1 ^5.467,38$6)$%5,38$<"A.1-#"<J =default
1 ^5.467,38$6)$%5,38$<"-"#"<J$$$$ =delete

B++T)JGG8,+B*%-.(/G,)(.TTG2TT2(75_*,?54,35)G%4(%G/6)+57GB@@B(?"K1+<"-+="%/3<f_,QA+)"

#:+=e&,.?"A1--M&.L(1#

"" 4*+,(0(%1##+%

E3@-"3"=#+=I&'()"&D"3.=#+,%

class Email {
private:
std::string value;
bool movedFrom{false};

public:
Email(const std::string& val)
: value{val} {

assert(value.find('@') != std::string::npos);
}
///
std::string getValue() const {

return movedFrom ? "" : value;  GG$(7$6))57+$(7$+B7(O$H(7$8*6763+55?$%5B6L,(7
}
///
66&,/T45/53+$/(L5$(T576+,(3)$63?$536%45$.(T&,38J
Email(Email&& e)
: value{e.value}, movedFrom{e.movedFrom} {

e.movedFrom = true;
}
///
Email(const Email&) = default;
Email& operator=(const Email&) = default;

};
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"I 4*+,(0(%1##+%

%+X"F
,.@.,+#MF
<.#.F

V
V

aY,"@#+(=&D.A"#M&K1.?.=#""&A(?&R",#(?g%&@1%:hL.,eTU

0 E=&BCC[i6BCC8j&#:"&I1.?.=#""&+%&@(%%+L-"&L",.1%"F
1 `5644(.6+,(3$,)$?(35$%&$+B5$H(44(O,38$)+5T)J
0 644(.6+5$35O$/5/(7&
0 6)),83$35O$L64*5
0 .(T&$(4?$545/53+)$N545/53+$%&$545/53+Q
SSSSSS T(,3+$(H$3($7(44%6.P$SSSSSS
0 6)),83$35O$/5/(7&$+($,3+57364$T(,3+57
0 ?545+5$(4?$545/53+)$63?$H755$(4?$/5/(7&
0 *T?6+5$),a5$63?$.6T6.,+& . L , < "

S8
5

. L , < " A

"M 4*+,(0(%1##+%

%+X"F
,.@.,+#MF
<.#.F

V
V

aY,"@#+(=&D.A"#M&K1.?.=#""&A(?&R",#(?g%&@1%:hL.,eTU

0 _".--(,.#+(=&^+#:&3()"&%"3.=#+,%&
L?".e%&#:"&%#?(=I&"Y,"@#+(=&I1.?.=#""
1 D(L,38$545/53+)$/,8B+$+B7(O$%*+$O5$.63b+$64O6&)$7(44$%6.P

0 Z"&,.=$#&
1 ),453+4&$%756P$+B5$)+7(38$5Z.5T+,(3$8*6763+55
0 cZ,)+,38$.(?5$O(*4?$%5$%7(P53

1 75T46.5$push_back() %&$)(/5+B,38$35O$
0 C(($/*.B$*)5

1 75U*,75$+B6+$/(L5$.(3)+7*.+(7)$?(3b+$+B7(O
0 cL53$+B5$/(L5?SH7(/$)+6+5$NL64,?$%*+$*3)T5.,H,5?Q
/,8B+$355?$/5/(7&$

0 D(F
%#<FF)",#(?kl&3()"%&(=-M&+A&+#$%&%.A"
1 O,+B$8*6763+55$+B6+$+B5$/(L5$.(3)+7*.+(7$?(5)$3(+$+B7(O

. L , < "

. L A

YY
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"R 4*+,(0(%1##+%

class Cust {
private:
std::string name;
public:
///
Cust(const Cust& c)      66&.(T&$.(3)+7*.+(7
: name{c.name} {

}
Cust(Cust&& c) noexcept 66&/(L5$.(3)+7*.+(7
: name{std::move(c.name)} {
}
///

};

R",#(?&_".--(,.#+(=&.=<&noexcept
class Cust {
private:
std::string name;

public:
///
Cust(const Cust& c) 66&.(T&$.(3)+7*.+(7
: name{c.name} {
}
Cust(Cust&& c) 66&/(L5$.(3)+7*.+(7
: name{std::move(c.name)} {
}
///

};

std::vector<Cust> coll;
///
coll.push_back(A);

%+X"F
,.@.,+#MF
<.#.F

V
V

. L , < "

. L , < " A
,(@+"% 3()"%

%+X"F
,.@.,+#MF
<.#.F

. L , < "

, < ". L A

YY Y Y Y

"; 4*+,(0(%1##+%

d7(876/$%&$e(O67?$e,3363+$,3$f.[[)+?S4,%SIRK#Mg$N)4,8B+4&$/(?,H,5?Q

aY.3@-"&Z+#:&.=<&Z+#:(1#&noexcept
#include <vector>
#include <string>
#include <chrono>
#include <iostream>
66&%#?+=I&^?.@@"?&^+#:&3()"&,(=%#?1,#(?F
class Str
{
private:
std::string s;

public:
Str()
: s(100, 'a') {
}
Str(const Str&) = default;
Str (Str&& x) noexcept
: s{std::move(x.s)} {
}

};

int main()
{

using namespace std::chrono;
66&,?".#"&)",#(?&(A&S&'+--+(=&^?.@@"<&%#?+=I%F
std::vector<Str> v;
v.resize(1'000'000);

66&3".%1?"&#+3"&#(&?".--(,F
auto t0 = steady_clock::now();
v.reserve(c.capacity() + 1);
auto t1 = steady_clock::now();
duration<double, std::milli> d{t1 - t0};
std::cout << d.count() << " ms\n";

}

^+#:&noexcept
S8&#+3"%&A.%#"?&#:.=
^+#:(1#&noexcept

noexcept (@#+(=.-
/56)*75$O,+B$63?$O,+B(*+

?(3b+$*)5$%76.5)$B575
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"@ 4*+,(0(%1##+%

d7(876/$%&$e(O67?$e,3363+$,3$f.[[)+?S4,%SIRK#Mg$N)4,8B+4&$/(?,H,5?Q

aY.3@-"&Z+#:&.=<&Z+#:(1#&noexcept
#include <vector>
#include <string>
#include <chrono>
#include <iostream>
66&%#?+=I&^?.@@"?&^+#:&3()"&,(=%#?1,#(?F
class Str
{
private:
std::string s;

public:
Str()
: s(100, 'a') {
}
Str(const Str&) = default;
Str (Str&& x) noexcept
: s{std::move(x.s)} {
}

};

int main()
{

using namespace std::chrono;
66&,?".#"&)",#(?&(A&S&'+--+(=&^?.@@"<&%#?+=I%F
std::vector<Str> v;
v.resize(1'000'000);

66&3".%1?"&#+3"&#(&?".--(,F
auto t0 = steady_clock::now();
v.reserve(c.capacity() + 1);
auto t1 = steady_clock::now();
duration<double, std::milli> d{t1 - t0};
std::cout << d.count() << " ms\n";

}

<+AA"?"=#
@-.#A(?3%m
<+AA"?"=#
@-.#A(?3%m

_".--(,.#+(=
(A&f&a-"3"=#%

Z+#:(1#&
noexcept

Z+#:
noexcept

.4638[[$$$9h###h### ""K 1 "I:$/) 9:$1 ""$/)

8[[M:$$$$$9h###h### 9R$1 I9$/) #$/)
8[[M:$$$9#h###h### "IM$1 "M:$/) 9R$1 I9$/)

i="#9R$$$$9h###h### j9R$/) j9R$/)
i="#9@$$$$9h###h###$$ 9@#$1 9:#$/) 9K$1 ""$/)

d+AA"?"=#
@-.#A(?3%m

W*8$,3
i2[[9R

"K 4*+,(0(%1##+%

E3@-"3"=#+=I&'()"&D"3.=#+,%&^+#:&noexcept
class Email {
private:
std::string value;
bool movedFrom{false};

public:
Email(const std::string& val)
: value{val} {

assert(value.find('@') != std::string::npos);
}
///
std::string getValue() const {

return movedFrom ? "" : value;  GG$(7$6))57+$(7$+B7(O$H(7$8*6763+55?$%5B6L,(7
}
///
66&,/T45/53+$/(L5$(T576+,(3)$63?$536%45$.(T&,38J
Email(Email&& e) noexcept(std::is_nothrow_move_constructible<std::string>::value)
: value{e.value}, movedFrom{e.movedFrom} {

e.movedFrom = true;
}
///
Email(const Email&) = default;
Email& operator=(const Email&) = default;

};
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!"%%(=%&!".?="<

0 n(1?&#M@"%&.1#(3.#+,.--M&@?()+<"&3()"&%"3.=#+,%
0 >(?&"Y@"=%+)"&3"3L"?%
1 <3,+,64,a,38$.(3)+7*.+(7)$+6P5$%&$L64*5$63?$move()
1 >L574(6?$85++57)$H(7$&& 63?$const&

0 '()"<QA?(3&(L2",#%
1 675$3(+B,38$)T5.,64$H(7$+B5$2[[$)+63?67?$4,%767&
0 F*3.+,(3)$5ZT5.+$644$75U*,75/53+)$64)($+($O(7P$H(7$/(L5?SH7(/$(%'5.+)

1 )B(*4?$3(+$%756P$,3L67,63+)
0 <?5644&$,3$6$kL64,?$%*+$*3)T5.,H,5?$)+6+5k

0 9(&<+%.L-"&3()"&%"3.=#+,%&=default (#:"?&%@",+.-&3"3L"?%
1 %756P)$kRule of 5k

0 J%"&noexcept ^:"=&+3@-"3"=#+=I&%@",+.-&3()"&3"3L"?%

I# 4*+,(0(%1##+%

B(=#.,#

*+,(-.+&'/&0(%1##+%

^^^/2(%1##+%/,(3
=+,(42(%1##+%/,(3
4*+,(0(%1##+%
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