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C++11

increased expressiveness of language
shorter code, less error-prone

more high-level compile-time abstractions
templates ..., move-semantics, ...

adress today’s common tasks in STL
thread support, regular exressions, ...

C++11 feels like a new language: The pieces just fit together better
than they used to and I find a higher-level style of programming more

natural than before and as efficient as ever.

—B. Stroustrup
http://stroustrup.com/C++11FAQ.html
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Expressiveness? Abstractions?

__device__ vo i d count ( i n t ∗ count , cha r ∗ data , s i z e_t n , cha r v a l u e )
{

f o r ( i n t i = b lockDim . x ∗ b l o c k I d x . x + t h r e a d I d x . x ;
i < n ;
i += gr idD im . x ∗ b lockDim . x ) // v e r b o s e

{
i f ( da ta [ i ] == v a l u e ) atomicAdd ( count , 1) ;

}
}

common pattern in GPGPU

− complex iteration promotes bugs

0CUDA 7 talk of Mark Harris at GTC 2015, S5820
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Expressiveness? Abstractions?

__device__ vo i d count ( i n t ∗ count , cha r ∗ data , s i z e_t n , cha r v a l u e )
{

con s t g r i d_ s t r i d e_ r a n g e range (0 , n ) ;
f o r ( g r i d_ s t r i d e_ r a n g e : : c o n s t_ i t e r a t o r i = range . b e g i n ( ) ;

i != range . end ( ) ; ++ i ) // C++03
{

i f ( data [ ∗ i ] == v a l u e ) atomicAdd ( count , 1) ;
}

}

+ most mistakes will be cought by compiler

− still repetitive

0CUDA 7 talk of Mark Harris at GTC 2015, S5820
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Expressiveness? Abstractions?

__device__ vo i d count ( i n t ∗ count , cha r ∗ data , s i z e_t n , cha r v a l u e )
{

f o r ( auto i : g r i d_ s t r i d e_ r a n g e (0 , n ) ) // C++11
{

i f ( data [ i ] == v a l u e ) atomicAdd ( count , 1) ;
}

}

auto —infers type from initializer

for ( : ) —range-based for-loop

0CUDA 7 talk of Mark Harris at GTC 2015, S5820
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Expressiveness? Abstractions?

// g e n e r i c f o r t ype and p r e d i c a t e
t emp l a t e <typename T, typename P r e d i c a t e >
__device__ vo i d coun t_ i f ( i n t ∗ count , T ∗ data , s i z e_t n , P r e d i c a t e p )
{

f o r ( auto i : g r i d_ s t r i d e_ r a n g e (0 , n ) ) // C++11
{

i f ( p ( data [ i ] ) ) atomicAdd ( count , 1) ;
}

}

we want to write our algorithms once

0CUDA 7 talk of Mark Harris at GTC 2015, S5820
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Type-Inference

// s t a t e t ype o n l y once
auto o b j e c t = new SomeTemplateClass < . . . > ( . . . ) ;
// same t ype as o b j e c t
d e c l t y p e ( o b j e c t ) o b j e c t 2 = 0 ;

// l e a v e out t emp l a t e a r g s and n e s t e d c l a s s e s
s t d : : l i s t <SomeTemplateClass <. . . > > l i s t ;
auto i = l i s t . b e g i n ( ) ;

// beware :
auto copy = ob j e c t −>getRefToMember ( ) ;
auto& r e f = ob j e c t −>getRefToMember ( ) ;

// d e d u c t i o n o f r e t u r n t ype
auto answer ( ) { r e t u r n 42 ; }
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Lambda

__global__ vo i d xyzw_frequency ( i n t ∗ count , cha r ∗ t e x t , s i z e_t n )
{

con s t cha r l e t t e r s [ ] { ’ x ’ , ’ y ’ , ’ z ’ , ’w ’ } ;

coun t_ i f ( count , t e x t , n ,
[& ] ( cha r c ) {

f o r ( con s t auto x : l e t t e r s )
i f ( c == x ) r e t u r n t r u e ;

r e t u r n f a l s e ;
}) ;

}

Unnamed function object
captures variables from scope
[&] by reference
[=] by value

auto lambda = [& l e t t e r s ] ( cha r c ) −> boo l { /∗ . . . ∗/ } ;
auto lambda = [ = ] ( auto c /∗ C++14 , g e n e r i c lambda ∗/ ) { /∗ . . . ∗/ } ;

0CUDA 7 talk of Mark Harris at GTC 2015, S5820
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rvalue References and Move Semantics

rvalue references: move instead of copy
c l a s s A {

A (A&&) ; // move c o n s t r u c t o r
A& op e r a t o r= (A&&) ; // move a s s i g nmen t
// . . .

} ;

#i n c l u d e < u t i l i t y >

temp la te < c l a s s T>
vo i d swap (T& a , T& b )
{

T tmp = s t d : : move ( a ) ; // move c o n s t r u c t o r
a = s t d : : move ( b ) ; // move a s s i g nmen t
b = s t d : : move ( tmp ) ;

}

STL containers have move constuctors and assigments

0http://stroustrup.com/C++11FAQ.html#rval
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Variadic Templates

// python− s t y l e p r i n t
t emp la te < c l a s s T>
vo i d p r i n t (T a rg )
{

s t d : : cout << arg << ’ \n ’ ;
}

temp la te < c l a s s T, c l a s s . . . Types>
v o i d p r i n t (T arg , Types . . . r e s t )
{

s t d : : cout << arg << ’ ␣ ’ ;
p r i n t ( r e s t . . . ) ;

}

parameter pack1 may occur in many places

sizeof ... paramPack gives number of elements

1http://en.cppreference.com/w/cpp/language/parameter_pack
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Constructor Inheritance

s t r u c t Base {
Base ( ) ;
Base ( i n t ) ;
Base ( i n t , i n t ) ;

v i r t u a l f ( ) ;
// . . .

} ;

s t r u c t A : p u b l i c Base {
// i n h e r i t c o n s t r u c t o r s
u s i n g Base : : Base ;
A( ) : A(5 ) {} // d e l e g a t e c o n s t r u c t o r

v i r t u a l f ( ) ;
// . . .

} ;

s t r u c t B : p u b l i c Base {
// i n h e r i t c o n s t r u c t o r s
u s i n g Base : : Base ;
B( i n t , i n t ) ; // h i d e Base ( i n t , i n t )
B( ) : Base ( ) {}

v i r t u a l f ( ) ;
// . . .

} ;
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Variadic Templates—Example
#i n c l u d e <memory>
#i n c l u d e < u t i l i t y >

// g e n e r i c f a c t o r y method
temp la te < c l a s s . . . CArgTypes>
auto f a c t o r y ( cha r s ubC l a s s , CArgTypes . . . cArgs ) {

sw i t c h ( s u bC l a s s ) {
ca s e ’A ’ :

r e t u r n s t d : : un ique_ptr <Base >(
new A( s t d : : f o rward <CArgTypes >( cArgs ) . . . ) ) ;

c a s e ’B ’ :
r e t u r n s t d : : un ique_ptr <Base >(

new B( s t d : : f o rward <CArgTypes >( cArgs ) . . . ) ) ;
d e f a u l t :

r e t u r n s t d : : make_unique<Base >(
s t d : : f o rwa rd <CArgTypes >( cArgs ) . . . ) ;

}
}

i n t main ( ) {
Base ∗ a = f a c t o r y ( ’A ’ , 23) ;
Base ∗ b = f a c t o r y ( ’B ’ , 23 , 42) ;
Base ∗ b2 = f a c t o r y ( ’B ’ ) ;

// . . .
}
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STL Thread Support

thread, mutex, future, async ...

#i n c l u d e <th r ead >
#i n c l u d e < l i s t >
#i n c l u d e <random>

i n t main ( )
{

s t d : : l i s t <doub le > l i s t {1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9} ; // i n i t i a l i z e r l i s t

s t d : : random_dev ice rd ;
s t d : : mt19937 gen ( rd ( ) ) ;
s t d : : d i s c r e t e _ d i s t r i b u t i o n <> d ({1 , 1}) ;

auto t h r e a d = s t d : : t h r e a d (
// f u n c t i o n to c a l l , d i s amb i g u a t e
[& l i s t ] ( auto p r ed ) { l i s t . s o r t ( p r ed ) ; } ,
// arguments ( h e r e : s o r t i n g p r e d i c a t e )
[&d ,&gen ] ( doub l e a , doub l e b ) { r e t u r n boo l ( d ( gen ) ) ; }

) ;

// done someth ing e l s e . . .
// . . . but do not touch l i s t

t h r e a d . j o i n ( ) ;

r e t u r n 0 ;
}

g++ –std=c++14 main.cpp -lpthread
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Things I left out

Language
uniform/value initialization, alignment, final, noexcept, ...

STL
std::bind—bind parameters of function in new callable
tuple—generalization of std::pair
improved smart pointers
containers: array, forward_list, ...
math, random numbers
time measurement <crono>
atomics, regular expressions
...

C++17
concepts
parallel algorithms2

fold expressions3, ...

2http://www.open-std.org/jtc1/sc22/wg21/docs/papers/2015/n4352.html
3http://en.cppreference.com/w/cpp/language/fold
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The End

J.Kelling@HZDR.de

Thank You.
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