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swap 

temp

a

b

T temp(a);

you
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1

temp

a

b

a = b;
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hello
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hello

you

temp

a
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b = temp;
hello 3
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例 MyString without move

0x8d6790

0x8d67a00x8d67b0

0x8d6790

0x8d67a00x8d67b0

0x8d67b0 0x8d67a0

0x8d6790

namespace std {
template<typename T> 
void swap(T& a, T& b) 
{

T temp(a);
a = b;
b = temp;

}
}

Until 2011

三個動作
都是 copy

1
2
3
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swap 

tmp
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b you

hello

tmp
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x

x

x

0x8d6770

0x8d6780
0x8d6780

0x8d6780

0x8d6770

0x8d6770

1

MyString 的 copy functions 
已設計為深拷貝 (很對)，如
何讓它另擁有一份淺拷貝版
本 (所謂 move 版本) 以應付
某些適當情境 (如本頁)？
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當 resource 可被「偷取、借用、移動 (move)」時…

C++ 必須讓我們能夠：

1, 告訴編譯器，目前待操作的是這種東西 (R-value)。
2, 告訴編譯器，這東西的確有設計出一套專門處理 move 的函數。

1, 右值 (R-value) 有天然和人工兩種。
天然右值：temp. object, literal
人工右值：std::move(x) 

2, C++11 推出 R-value reference.
T(T&& x); 
T& operator=(T&& x);

move ctor
move assignment

左值：可取址，有名稱
右值：不可取址，沒名稱

用後不打算再用
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swap 

tmp

a

b

T tmp = move(a);

you

hello

1

tmp

a

b you

hello

a =move(b);
2

tmp

a

b you

hello

b = move(tmp);
3

例 MyString with move

x

x

x

新版

0x8d6770

0x8d6780
0x8d6780

0x8d6780

0x8d6770

0x8d6770

namespace std {
template<typename T> 
void swap(T& a, T& b) 
{

T temp(move(a));
a = move(b);
b = move(temp);

}
}

Since 2011

三個動作有可能是 move

1
2
3
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Rvalue references 和 Move semantics

class MyString { 
private:     

char* _data; 
... 

public: 
//copy operations
MyString(const MyString& str) …

//move operations
MyString(MyString&& str) …

//dtor
~MyString() …

copy

move

x

//copy 
insert(…,&x)

//move 
insert(…,&&x)

1

2

c.insert(iter, MyString(“hello”));

MyString str(“hello”);
c.insert(iter, std::move(str));   

這是個
天然右值

這是個
人工右值
(此後不能
再對 str 有
任何假設)

STL 容器
Class 的設計者

Class 的使用者
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寫一個 move aware class

深拷貝
deep copy

copy memcpy()
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寫一個 move aware class

自
我
賦
值
檢
查

深拷貝 deep copy

深拷貝 deep copy
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寫一個 move aware class

move

x

淺拷貝
shallow copy 

move

x

淺拷貝
shallow copy 
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move-aware 的四種情況

MyString, move functions without noexcept

MyString, move functions =default

MyString, no move functions

MyString, move functions with noexcept

User-defined move functions 
都有打斷 pointers 動作，這
很重要 (避免被連坐銷毀)。
default move functions 不做
這動作，不妙。你沒寫，編譯器並不會自動

給你一個 default move 
function。你必須明白寫出
move functions 否則只會擁有
default copy functions !! 
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jjhoulen

len

366238

361080

1

2x3

move

sabrinalen

366248

len

366a80

len

366a8c

1

5

jjhou

len

366238

361080

0

2x6

x

movegrow

move
4

temp.
生命結束

temp.
生命結束

重點在此
vector 擴容.
原空間清除.

擴容後的 vector
(兩倍空間)

3

move functions with noexcept, 圖1move functions without noexcept, 圖1

sabrinalen

366248

len

366a80

len

366a8c

jjhou
366258

1

3
4

vector

jjhou

len

366238

361080

0

2x5

x copy

movegrow

jjhoulen

len

366238

361080

1

2

vector

x3

move

temp.
生命結束

4
x

Dtor 

temp.
生命結束 vector

vector

vector<MyString> vec;
vec.push_back(MyString("jjhou"));
vec.push_back(MyString("sabrina"));  
vec.push_back(MyString("stacy")); 
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stacylen
366258

0

len

366aa0

len

366aac

vector

len

366ab8 366ac4

grow

2
x9

1
move

3 move
5 move

sabrina
366248

len

366a80

len

366a8c

jjhou
366238

vector
x7 x8

6

4

temp.
生命結束

← 重點在此

stacylen
366238

sabrina

366248

len

366a80

len

366a8c

jjhou
366258

0

sabrina

366278

len

366aa0

len

366aac

jjhou
366268

len

366ab8 366ac4

grow

2
x7

1 move

copy
3

4

copy
x5 x6

temp.
生命結束

5
x

Dtor 

6
x

Dtor 

vector

vector

← 重點在此

vector 擴容.
原空間清除.

擴容後的 vector
(兩倍空間)

move functions with noexcept, 圖2move functions without noexcept, 圖2
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一個方便的測試函數

test_moveable(vector<MyString>(), 30000000L);

typedef typename M::value_type ValType;



17

noexcept 的地位

Function with noexcept 可否調用 function without noexcept？
換言之關鍵字 noexcept 是否和關鍵字 const 一樣擁有某種「編譯期強制性」？

首先測試，noexcept 是否為函數簽名的一部分？
亦即 function with noexcept 和 function without noexcept 可否並存(重載)？
Ans: 不可! 

Functions differing only in their exception specification
cannot be overloaded (just like the return type, exception 
specification is part of function type, but not part of the 
function signature) (since C++17). 

為什麼 std 容器有時候 “不敢” 調用 move function without noexcept? 
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noexcept

其次測試 function with noexcept 卻(違反承諾)拋出異常會怎樣？

最後測試 function with noexcept 呼叫 function without noexcept 會怎樣？

順利編譯。編譯器不檢查。但運行時 crash! 

function without noexcept 調用 function with noexcept，通過是應該的。
function with noexcept 調用 function without noexcept (而實際未拋異常)，
編譯通過，執行也 ok. 
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noexcept operator

noexcept operator 執行 compile-time check，如果 expression 被聲明 (declared) 為
不拋任何異常 (not throw any exceptions)，就返回 true.

noexcept  noexcept (true)

cout << noexcept(func1()) << endl; //1
cout << noexcept(func2()) << endl; //0
cout << noexcept(func3()) << endl; //1
cout << noexcept(func4()) << endl; //0
cout << noexcept(func5()) << endl; //1
cout << noexcept(func6()) << endl; //0
cout << noexcept(func7()) << endl; //1
cout << noexcept(func8()) << endl; //1

上述 8 個函數凡聲明 noexcept 者便得 1 
(true)，否則便得 0。

void func9()  noexcept(false) {  }
//==> func9()  noexcept(false) { }

void func10() noexcept(noexcept(func1())) {  }
//==> func10() noexcept(true)  { }

void func11() noexcept(noexcept(func2())) {  }
//==> func11() noexcept(false) { }

cout << noexcept(func9())  << endl; //0
cout << noexcept(func10()) << endl; //1    
cout << noexcept(func11()) << endl; //0    

noexcept(expression) 返回值取決
於 expression 所表現的函數是否
"其所聲明的 noexcept() 為 true"  

noexcept (expression)
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move_if_noexcept
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move_if_noexcept

00118: template<typename _Tp>
00119: constexpr typename
00120: conditional<__move_if_noexcept_cond<_Tp>::value, const _Tp&, _Tp&&>::type
00121: move_if_noexcept(_Tp& __x) noexcept
00122: { return std::move(__x); }
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template<typename _Tp, typename _Alloc>
template<typename... _Args>

typename vector<_Tp, _Alloc>::iterator
vector<_Tp, _Alloc>::
emplace(const_iterator __position, _Args&&... __args)
{

const size_type __n = __position - begin();
if (this->_M_impl._M_finish != this->_M_impl._M_end_of_storage

&& __position == end())
…

else
_M_insert_aux(begin() + (__position - cbegin()),

std::forward<_Args>(__args)...);
return iterator(this->_M_impl._M_start + __n);

}

std::vector 以什麼方法判斷 callee 為 noexcept？

尚有空間且欲置於最末

空間不足需擴容

下一頁
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template<typename _Tp, typename _Alloc>
template<typename... _Args>

void
vector<_Tp, _Alloc>::
_M_insert_aux(iterator __position, _Args&&... __args)

{
if (this->_M_impl._M_finish != 

this->_M_impl._M_end_of_storage)
{   … }
else
{   …

…
}

}

尚有空間

空間不足需擴容

__try
{     …
__new_finish

= std::__uninitialized_move_if_noexcept_a
(this->_M_impl._M_start, __position.base(),
__new_start, _M_get_Tp_allocator());

++__new_finish;
__new_finish

= std::__uninitialized_move_if_noexcept_a
(__position.base(), this->_M_impl._M_finish,
__new_finish, _M_get_Tp_allocator());

}
__catch(...)

{   … }

擴容後首先把原先所有元素
挪過來 (copy or move)

然後安插新元素(s) (copy or move)
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The End
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