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Vector Addition 

for  ( int  i = 0; i < N; i++)  

    Z[ i ] = X[ i ] + Y[ i ];  
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Vector Addition 

#include <thrust/ device_vector.h > 

#include <thrust/ transform.h > 

#include <thrust/ functional.h > 

#include < iostream > 

 

int  main( void )  

{  

  thrust:: device_vector <float > X( 3);  

  thrust:: device_vector <float > Y( 3);  

  thrust:: device_vector <float > Z( 3);  

 

  X[ 0] = 10; X[ 1] = 20; X[ 2] = 30;  

  Y[ 0] = 15; Y[ 1] = 35; Y[ 2] = 10;  

 

  thrust::transform( X.begin (), X.end (),  

                    Y.begin (),  

                    Z.begin (),  

                    thrust::plus< float >());  

 

  for  ( size_t  i  = 0; i  < Z.size (); i ++)  

    std::cout << "Z["  << i << "] = "  << Z[i] << " \ n" ;  

 

  return  0;  

}  
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Vector Addition 

ProblemSolving $ nvcc -- version  

nvcc: NVIDIA (R) Cuda compiler driver  

Copyright (c) 2005 - 2011 NVIDIA Corporation  

Built on Thu_May_12_11:09:45_PDT_2011  

Cuda compilation tools, release 4.0, V0.2.1221  

ProblemSolving $ nvcc - O2 ex01_vector_addition.cu - o ex01_vector_addition  

ProblemSolving $ ./ex01_vector_addition  

Z[0] = 25  

Z[1] = 55  

Z[2] = 40  
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SAXPY 

for  ( int  i = 0; i < N; i++)  

    Z[ i ] = a * X[ i ] + Y[ i ];  
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SAXPY 

struct  saxpy  

{  

  float  a;  

   

  saxpy ( float  a) : a(a) {}  

 

  __host__ __device__  

  float  operator ()( float  x, float  y)  

  {  

    return  a * x + y;  

  }  

};  

 

int  main( void )  

{  

  thrust:: device_vector <float > X( 3), Y( 3), Z( 3);  

 

  X[ 0] = 10; X[ 1] = 20; X[ 2] = 30;  

  Y[ 0] = 15; Y[ 1] = 35; Y[ 2] = 10;  

   

  float  a = 2.0f ;  

 

  thrust::transform( X.begin (), X.end (),  

                    Y.begin (),`  

                    Z.begin (),  

                    saxpy (a));  

 

  for  ( size_t  i  = 0; i  < Z.size (); i ++)  

    std::cout << "Z["  << i << "] = "  << Z[i] << " \ n" ;  

 

  return  0;  

}  

functor 

call operator 

constructor 

state 
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SAXPY 

#include <thrust/ device_vector.h > 

#include <thrust/ transform.h > 

#include <thrust/ functional.h > 

#include < iostream > 

 

using  namespace  thrust::placeholders;  

 

int  main( void )  

{  

  thrust:: device_vector <float > X( 3), Y( 3), Z( 3);  

 

  X[ 0] = 10; X[ 1] = 20; X[ 2] = 30;  

  Y[ 0] = 15; Y[ 1] = 35; Y[ 2] = 10;  

   

  float  a = 2.0f ;  

 

  thrust::transform( X.begin (), X.end (),  

                    Y.begin (),  

                    Z.begin (),  

                    a * _1 + _2);  

 

  for  ( size_t  i  = 0; i  < Z.size (); i ++)  

    std::cout << "Z["  << i << "] = "  << Z[i] << " \ n" ;  

 

  return  0;  

}  

 

New Feature in Thrust v1.5 (CUDA 4.1) 
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General Transformations 

for  ( int  i = 0; i < N; i++)  

    X[ i ] = f(A[ i ]);  
Unary Transformation 

for  ( int  i = 0; i < N; i++)  

    X[ i ] = f(A[ i ],B[ i ]);  
Binary Transformation 

for  ( int  i = 0; i < N; i++)  

    X[ i ] = f(A[ i ],B[ i ],C[ i ]);  
Ternary Transformation 

for  ( int  i = 0; i < N; i++)  

    X[ i ] = f(A[ i ],B[ i ],C[ i ],...);  
General Transformation 
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General Transformations 

A B C 

X Y Z 

A B C X Y Z zip_iterator  

Multiple Sequences Sequence of Tuples 
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General Transformations 

#include <thrust/iterator/ zip_iterator.h > 

 

struct  linear_combo  

{  

  __host__ __device__  

  float  operator ()(thrust:: tuple <float , float , float > t)  

  {  

    float  x, y, z;  

 

    thrust::tie( x,y,z ) = t;  

 

    return  2.0f  * x + 3.0f  * y + 4.0f  * z;  

  }  

};  

 

int  main( void )  

{  

  thrust:: device_vector <float > X( 3), Y( 3), Z( 3);  

  thrust:: device_vector <float > U( 3);  

 

  X[ 0] = 10; X[ 1] = 20; X[ 2] = 30;  

  Y[ 0] = 15; Y[ 1] = 35; Y[ 2] = 10;  

  Z[ 0] = 20; Z[ 1] = 30; Z[ 2] = 25;  

 

  thrust::transform  

    (thrust:: make_zip_iterator (thrust:: make_tuple ( X.begin (), Y.begin (), Z.begin ())),  

     thrust:: make_zip_iterator (thrust:: make_tuple ( X.end (),   Y.end (),   Z.end ())),  

     U.begin (),  

     linear_combo ());  

 

  for  ( size_t  i  = 0; i  < Z.size (); i ++)  

    std::cout << "U["  << i << "] = "  << U[i] << " \ n" ;  

 

  return  0;  

}  
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Sum 

#include <thrust/ device_vector.h > 

#include <thrust/ reduce.h > 

#include <thrust/ functional.h > 

#include < iostream > 

 

int  main( void )  

{  

  thrust:: device_vector <float > X( 3);  

 

  X[ 0] = 10; X[ 1] = 30; X[ 2] = 20;  

 

  float  result = thrust::reduce( X.begin (), X.end ());  

 

  std:: cout  << "sum is "  << result << " \ n" ;  

 

  return  0;  

}  
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Maximum Value 

#include <thrust/ device_vector.h > 

#include <thrust/ reduce.h > 

#include <thrust/ functional.h > 

#include < iostream > 

 

int  main( void )  

{  

  thrust:: device_vector <float > X( 3);  

 

  X[ 0] = 10; X[ 1] = 30; X[ 2] = 20;  

 

  float  init = 0.0f ;  

 

  float  result = thrust::reduce( X.begin (), X.end (),  

                                init,  

                                thrust::maximum< float >());  

 

  std:: cout  << "maximum is "  << result << " \ n" ;  

 

  return  0;  

}  
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Maximum Index 

typedef  thrust:: tuple <int , int > Tuple ;  

 

struct  max_index  

{  

  __host__ __device__  

  Tuple  operator ()( Tuple  a, Tuple  b)  

  {  

    if  (thrust::get< 0>(a) > thrust::get< 0>(b))  

      return  a;  

    else  

      return  b;  

  }  

};  

 

int  main( void )  

{  

  thrust:: device_vector <int > X( 3), Y( 3);  

 

  X[ 0] = 10; X[ 1] = 30; X[ 2] = 20;  // values  

  Y[ 0] =  0; Y[ 1] =  1; Y[ 2] =  2;  // indices  

 

  Tuple  init(X[ 0],Y[ 0]);  

 

  Tuple  result = thrust::reduce  

    (thrust:: make_zip_iterator (thrust:: make_tuple ( X.begin (), Y.begin ())),  

     thrust:: make_zip_iterator (thrust:: make_tuple ( X.end (),   Y.end ())),  

     init,  

     max_index ());  

 

  int  value, index;  thrust::tie( value,index ) = result;  

 

  std:: cout  << "maximum value is "  << value << " at index "  << index << " \ n" ;  

 

  return  0;  

}  
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Performance Considerations 

GPU DRAM 

144 GB/s 
1030 GFLOP/s 

Tesla C2050 
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Arithmetic Intensity 

FLOP/Byte 

Memory bound Compute bound 

SAXPY FFT SGEMM 
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Arithmetic Intensity 

Kernel FLOP/Byte** 

Vector Addition 1 : 12 

SAXPY 2 : 12 

Ternary Transformation 5 : 20 

Sum 1 : 4 

Max Index 1 : 12 

** excludes indexing overhead 

Kernel FLOP/Byte 

GeForce GTX 280 ~7.0 : 1 

GeForce GTX 480 ~7.6 : 1 

Tesla C870 ~6.7 : 1 

Tesla C1060 ~9.1 : 1 

Tesla C2050 ~7.1 : 1 
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Maximum Index (Optimized) 

typedef  thrust:: tuple <int , int > Tuple ;  

 

struct  max_index  

{  

  __host__ __device__  

  Tuple  operator ()( Tuple  a, Tuple  b)  

  {  

    if  (thrust::get< 0>(a) > thrust::get< 0>(b))  

      return  a;  

    else  

      return  b;  

  }  

};  

 

int  main( void )  

{  

  thrust:: device_vector <int >     X( 3);  

  thrust:: counting_iterator <int > Y( 0);  

 

  X[ 0] = 10; X[ 1] = 30; X[ 2] = 20;  

   

  Tuple  init(X[ 0],Y[ 0]);  

 

  Tuple  result = thrust::reduce  

    (thrust:: make_zip_iterator (thrust:: make_tuple ( X.begin (), Y)),  

     thrust:: make_zip_iterator (thrust:: make_tuple ( X.end (),   Y + X.size ())),  

     init,  

     max_index ());  

 

  int  value, index;  thrust::tie( value,index ) = result;  

 

  std:: cout  << "maximum value is "  << value << " at index "  << index << " \ n" ;  

 

  return  0;  

}  
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Maximum Index (Optimized) 

GPU DRAM 

4 Bytes 

8 Bytes 

Original Implementation 

GPU DRAM 

4 Bytes 

Optimized Implementation 
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Fusing Transformations 

for  ( int  i = 0; i < N; i++)  

    U[ i ] = F(X[ i ],Y[ i ],Z[ i ]);  

 

for  ( int  i = 0; i < N; i++)  

    V[ i ] = G(X[ i ],Y[ i ],Z[ i ]);  

 

for  ( int  i = 0; i < N; i++)  

{  

    U[ i ] = F(X[ i ],Y[ i ],Z[ i ]);  

    V[ i ] = G(X[ i ],Y[ i ],Z[ i ]);  

}  

Loop Fusion 
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Fusing Transformations 
typedef  thrust:: tuple <float , float >       Tuple2;  

typedef  thrust:: tuple <float , float , float > Tuple3;  

 

struct  linear_combo  

{  

  __host__ __device__  

  Tuple2 operator ()(Tuple3 t)  

  {  

    float  x, y, z; thrust::tie( x,y,z ) = t;  

 

    float  u = 2.0f  * x + 3.0f  * y + 4.0f  * z;  

    float  v = 1.0f  * x + 2.0f  * y + 3.0f  * z;  

 

    return  Tuple2( u,v );  

  }  

};  

 

int  main( void )  

{  

  thrust:: device_vector <float > X( 3), Y( 3), Z( 3);  

  thrust:: device_vector <float > U( 3), V( 3);  

 

  X[ 0] = 10; X[ 1] = 20; X[ 2] = 30;  

  Y[ 0] = 15; Y[ 1] = 35; Y[ 2] = 10;  

  Z[ 0] = 20; Z[ 1] = 30; Z[ 2] = 25;  

 

  thrust::transform  

    (thrust:: make_zip_iterator (thrust:: make_tuple ( X.begin (), Y.begin (), Z.begin ())),  

     thrust:: make_zip_iterator (thrust:: make_tuple ( X.end (),   Y.end (),   Z.end ())),  

     thrust:: make_zip_iterator (thrust:: make_tuple ( U.begin (), V.begin ())),  

     linear_combo ());  

 

  return  0;  

}  
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Fusing Transformations 

Original Implementation Optimized Implementation 

GPU DRAM 

12 Bytes 

8 Bytes 

GPU DRAM 

12 Bytes 

4 Bytes 

12 Bytes 

4 Bytes 
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Fusing Transformations 

for  ( int  i = 0; i < N; i++)  

    Y[ i ] = F(X[ i ]);  

 

for  ( int  i = 0; i < N; i++)  

    sum += Y[ i ];  

for  ( int  i = 0; i < N; i++)  

    sum += F(X[ i ]);  

Loop Fusion 
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Fusing Transformations 

#include <thrust/ device_vector.h > 

#include <thrust/ transform_reduce.h > 

#include <thrust/ functional.h > 

#include < iostream > 

 

using  namespace  thrust::placeholders;  

 

int  main( void )  

{  

  thrust:: device_vector <float > X( 3);  

 

  X[ 0] = 10; X[ 1] = 30; X[ 2] = 20;  

 

  float  result = thrust:: transform_reduce  

    ( X.begin (), X.end (),  

     _1 * _1,  

     0.0f ,  

     thrust::plus< float >());  

 

  std:: cout  << "sum of squares is "  << result << " \ n" ;  

 

  return  0;  

}  
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Fusing Transformations 

Original Implementation Optimized Implementation 

GPU DRAM 

4 Bytes 

4 Bytes 

GPU DRAM 

4 Bytes 

4 Bytes 
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Example: Processing Rainfall Data 

0 

1 

2 

3 

4 

day         [0   0   1   2   5   5   6   6   7   8  ... ]  

site        [2   3   0   1   1   2   0   1   2   1  ... ]  

measurement [9   5   6   3   3   8   2   6   5  10  ... ]  

Notes 

1) Time series sorted by day 

2) Measurements of zero are excluded from the time series 

2 

3 
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Example: Processing Rainfall Data 

Total rainfall at a given site 

 

Total rainfall between given days 

 

Number of days with any rainfall 

 

Total rainfall on each day 
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Total Rainfall at a Given Site 

struct  one_site_measurement  

{  

  int  site;  

 

  one_site_measurement ( int  site) : site(site) {}  

 

  __host__ __device__  

  int  operator ()(thrust:: tuple <int , int > t)  

  {  

    if  (thrust::get< 0>(t) == site)  

      return  thrust::get< 1>(t);  

    else  

      return  0;  

  }  

};  

 

template  <typename  Vector>  

int  compute_total_rainfall_at_one_site ( int  i , const  Vector& site, const  Vector& measurement)  

{  

  return  thrust:: transform_reduce  

    (thrust:: make_zip_iterator (thrust:: make_tuple ( site.begin (), measurement.begin ())),  

     thrust:: make_zip_iterator (thrust:: make_tuple ( site.end (),   measurement.end ())),  

     one_site_measurement ( i ),  

     0,  

     thrust::plus< int >());  

}  
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Total Rainfall Between Given Days 

template  <typename  Vector>  

int  compute_total_rainfall_between_days ( int  first_day , int  last_day ,  

                                        const  Vector& day, const  Vector& measurement)  

{  

  typedef  typename  Vector::iterator Iterator ;  

 

  int  first = thrust:: lower_bound ( day.begin (), day.end (), first_day ) -  day.begin ();  

  int  last  = thrust:: upper_bound ( day.begin (), day.end (), last_day )  -  day.begin ();  

 

  return  thrust::reduce( measurement.begin () + first, measurement.begin () + last);  

}  

 

 

day         [0   0   1   2   5   5   6   6   7   8  ... ]  

measurement [9   5   6   3   3   8   2   6   5  10  ... ]  

lower_bound ( ... , 2)  upper_bound ( ... , 6)  
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Number of Days with Any Rainfall 

template  <typename  Vector>  

int  compute_number_of_days_with_rainfall ( const  Vector& day)  

{  

  return  thrust:: inner_product ( day.begin (), day.end () -  1,  

                               day.begin () + 1,  

                               0,  

                               thrust::plus< int >(),  

                               thrust:: not_equal_to <int >()) + 1;  

}  

 

 

day     [0   0   1   2   5   5   6   6   7   8  ... ]  

        [0   1   1   1   0   1   0   1   1  ... ]   1  
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Total Rainfall on Each Day 

template  <typename  Vector>  

void  compute_total_rainfall_per_day ( const  Vector& day, const  Vector& measurement,  

                                    Vector& day_output , Vector& measurement_output )  

{  

  size_t  N = compute_number_of_days_with_rainfall (day);  

 

  day_output.resize (N);  

  measurement_output.resize (N);  

 

  thrust:: reduce_by_key ( day.begin (), day.end (),  

                        measurement.begin (),  

                        day_output.begin (),  

                        measurement_output.begin ());  

}  

day         [0   0   1   2   5   5   6   6   7   8  ... ]  

measurement [9   5   6   3   3   8   2   6   5  10  ... ]  

output_day          [0   1   2   5   6   7   8  ... ]  

output_measurement  [14  6   3  11   8   5  10  ... ]  
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Homework 

Number of days where rainfall exceeded 5 

Use count_if   and a placeholder 

 

Total Rainfall at Each Site 

Use sort_by_key  and reduce_by_key  
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Interoperability 

Convert iterators to raw pointers 

// allocate device vector  

thrust:: device_vector <int > d_vec (4);  

 

// obtain raw pointer to device vectorôs memory 

int  * ptr  = thrust:: raw_pointer_cast (& d_vec [0]);  

 

// use ptr  in a CUDA C kernel  

my_kernel <<< N / 256, 256 >>>(N, ptr );  

 

// use ptr  in a CUDA API function  

cudaMemcpyAsync ( ptr , ... );  
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Interoperability 

Wrap raw pointers with device_ptr  

// raw pointer to device memory  

int  * raw_ptr ;  

cudaMalloc (( void  **) & raw_ptr , N * sizeof ( int ));  

 

// wrap raw pointer with a device_ptr   

thrust:: device_ptr <int > dev_ptr ( raw_ptr );  

 

// use device_ptr  in thrust algorithms  

thrust:: fill ( dev_ptr , dev_ptr  + N, ( int ) 0);  

 

// access device memory through device_ptr  

dev_ptr [0] = 1;  

 

// free memory  

cudaFree ( raw_ptr );  
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Thrust in GPU Computing Gems 

PDF  available at http://goo.gl/adj9S 


