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    .     
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     T T ,     
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    0.5. ,       

.     ,    .  

  §1.5  ,       

   ,      

  0 0.9R   . 
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§1.9.         

      

 

1.9.1     ,    

  

 

        , 

           

 .   ,     

           

       , . . 

       . 

          

     ,       

    .       

   .    (    

 )      ,    

 ,        . 

,    ,    

 N
t n   , (1.9.1) 
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 n  –     ,   – ,      

   , N  –   . 

      

,      ,  

     ,      

,         

.       

    ,    

,   – ,   ,   

 . 

     ,  

 ,  ,      

. .      ,        

 .  -        

,    . 

     DIRECT [64, 65], ISRES [69, 70], CRS 

[66, 67, 68Ж         (  

        

 NLopt),     CRSM_LGM (  

      ). 

     CRS,  W. L. Price 

[67, 68Ж.   CRS        

   n   ( n  –   ), 

     (1.9.2). 

2* mP G R  , (1.9.2) 

 P  – ,     , G  – , 

      , 
mR  – , 

  ,    . 

           

,    . 

           

  ,       . 

           , 

      CRS . 
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,           « ».  

           

  ( ),  .    

  – 25   ,      

    . 

   CRS ,     

,    ,   « »     

      .   ,   

   .       . 

        

,        . 

,   CRSM_LGM  : 

1)  CRS ; 

2)    ,     

(         CRS ); 

3)    ,    . 

      1.9.1. 
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 1.9.1 –    CRSM_LGM 

 

1.9.2.     ,    

 CUDA 

 

       , 

, ,       . 

         ,   
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,     ,    

    . 

      , 

          

 . 

          

 .        

     .      

        

0

1
1t t

Q

 
   

 
, (1.9.3) 

 Q  –    , 0t  –     

  . 

     : 

1)   ,  «  »  ; 

2)    (GPU)   . 

    , . .    

       , 

,          ,  GPU 

     . 

       

,      ,      

. 

        

   CUDA. CUDA (Compute Unified Device Architecture) –  

    NVIDIA,    

    GPU (  

) Д17]. 

      (    

)  ,   .   

       ,   

  ,      . 

         ,    

        ,  

       . 
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  , ,     

    . 

 1.       GPU (    

): 

__device__ float func_2d(float x, float y), 

 x  y –  ,       

. 

 2.  ,       

     (    ): 

__global__ void kernel_2d(float *result, uint64_t size_x, uint64_t size_y, float step, float 

begin_x, float begin_y) 

{ 

uint64_t tid = threadIdx.x + blockIdx.x * blockDim.x; 

uint64_t idx = tid % size_x; 

uint64_t idy = tid / size_x; 

if (tid < size_x*size_y) 

*(result + tid) = func_2d (begin_x + step*idx, begin_y + step*idy); 

} 

   tid –   , idx – , 

    x   , idy – , 

    y   , step –  , 

begin_x, begin_y –       x  y , size_x  

size_y –     x  y, .  ,    

      .   

   result. 

   tid,     , 

    blockIdx.x   , threadIdx.x –        

 (CUDA   ).  blockDim.x  

        . 

 if (tid < size_x*size_y)       , . .   

    .  __global__   ,  

,      (host),     

(device).    __device__   ,    

   (device)    . 
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 3.   ,       

 . 

__global__ void distance_min(float *a, uint64_t size, float *min, uint64_t *pos); 

   a –   ,      

 , size –   , min  pos –     

    ,      

. 

  distance_min   ,  . 

__global__ void distance_min(float *a, uint64_t size, float *min, uint64_t *pos) 

{ 

// threadsPerBlock –  ,     

 __shared__ float cache[threadsPerBlock]; 

 __shared__ uint64_t pos_cache[threadsPerBlock]; 

 uint64_t tid = threadIdx.x + blockIdx.x * blockDim.x; 

 uint64_t cacheIndex = threadIdx.x; 

 

 if (tid == 0) 

  *min = CUDART_INF_F; 

 

 cache[cacheIndex] = CUDART_INF_F; 

 pos_cache[cacheIndex] = 0; 

 

 if (tid < size) 

 { 

  cache[cacheIndex] = a[tid]; 

  pos_cache[cacheIndex] = tid; 

 } 

 

 //    

 __syncthreads(); 

 

 uint64_t i = blockDim.x / 2; 

 while (i != 0) 

 { 

  if (cacheIndex < i) 
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  { 

   pos_cache[cacheIndex] = pos_min(cache[cacheIndex], cache[cacheIndex + 

i],  

    pos_cache[cacheIndex], pos_cache[cacheIndex + i]); 

   cache[cacheIndex] = minimum(cache[cacheIndex], cache[cacheIndex + i]); 

  } 

  __syncthreads(); 

  i /= 2; 

 } 

 

 if (cacheIndex == 0) 

  atomicMin(min, cache[0], pos, pos_cache[0]); 

} 

 4.   . 

kernel_2d << < blocks, threadsPerBlock >> >(dev_funcvals, number_x, number_y, step, 

begin_x, begin_y); 

distance_min << < blocks, threadsPerBlock >> >(dev_funcvals, number_x*number_y, dev_m, 

dev_position); 

   <<<>>>      : 

blocks –  ,    ,   , threadsPerBlock 

–  ,   .  threadsPerBlock   , 

blocks    ,  : 

uint64_t threadsPerBlock = 1024; 

uint64_t blocks = (number_x * number_y+ threadsPerBlock - 1) / threadsPerBlock; 

 number –    ,      . 

  x  y,    : 

float x = ((*host_position % number_x)*step + begin_x); 

float y = ((*host_position / number_x)*step + begin_y), 

 host_position –      dev_position. 

         

      ,   

      ,    , , 

    ,    , 

   ,      -  

 .  ,       
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   ,         

 . 
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  E    ,     . 

      .    

 X, Y   (1.10.1): 

 
0 0
cosx x xE E t   , 

 
0 0
cosy y yE E t   , 

(1.10.1) 

 
0xE   

0yE  –       X  Y, 

2 f   –  , 
0x   

0y  –  . 

       (1.10.1),    
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. (1.10.2) 

       X, Y (  1.10.1). 

 

 

 1.10.1 –      X, Y 
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    X, Y.      

      b . 
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  ,       X    
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, (1.10.4) 
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    ,      

,     E    XY,   X  

Y (    ,       YZ).   

,  

1 2 1q q  .  

 0    1q i  , 2q i  , . .     .  
2

   

 1 0q  , 2q i   , . . 
2

0xE    
1

0yE  ,     

 E    XY. 

 zE      (1.10.5)      

  : 

   2 2

2 sin cos sin

1 cos 1 cos
z x y

u u
E i E E

u u u u

    
     

  
     

. (1.10.5) 

       

  .    ,   

    ( 1 2
ˆ ˆq q ),     

,     (  1.10.2). 
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 1.10.2 –     (  

    ) 

 

        

  1 2 1 2

* * *

1 2
ˆ ˆ ˆ ˆ ˆ ˆ 0x x y yE E E E E E   . (1.10.6) 
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(1.10.7) 

     : 
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 ,        

   : ˆ 0 0.9R   . 

   ,      

  , ,       

   . 

         

  ,      

. 

        Б    

 -       В   

       Д71Ж.    

 oE   eE       

cos cos( ) cos cosx o e o eE E t E t E t E t        , 

sin sin( ) sin siny o e o eE E t E t E t E t        . 
(1.10.9) 

         

 90       , ,  
xE : 

cos cos sin sin
2 2

x o e o eE E t E t E t E t
                 

   
, 

cos cos sin sin
2 2

x o e o eE E t E t E t E t
                

   
. 

(1.10.10) 

 
yE   xE    ,  

yE   xE  : 

2 sino y x oE E E E t   , 

2 sinx y x eE E E E t    . 
(1.10.11) 

          -

 .          

. 

           [28]. 

     . 

         

.      .       

           / 2   

   (  1.10.2).  

  ,      
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     ,  

     

         2 2
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i ii i
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HOST - О

1. оп еделе е  пол е е т укту  
пе ед в е  д   ПЛИС:

struct

{

float tmp[N];

} tologic;

2. оп еделе е т укту  п е  д  
от ПЛИС:

struct

{

uint32_t t1;

uint32_t t2;

} fromlogic;

3. т т п о еду  чет :

fdr = open("/dev/xillybus_read_32", O_RDONLY);

fdw = open("/dev/xillybus_write_32", O_WRONLY);

write(fdw, (void *) &tologic, sizeof(tologic));

read(fdr, (void *) &fromlogic, sizeof(fromlogic));

4. д е от ПЛИС получе .

                

Ф КЦ Я - О Е К

void xillybus_wrapper(int *in, int *out)

{

#pragma AP interface ap_fifo port=in

#pragma AP interface ap_fifo port=out

#pragma AP interface ap_ctrl_none port=return

1. о отк  д  по т  in:

uint32_t input;

float y[N];

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

{

input = *in++;

y[i] = *((float *) &input);

}

2. пу к те ов о  у к  
OptMin(...):

OptMin(&x1, &x2, &val, begin_point);

3. п  е ул т т  в по т out:

*out++ = x1;

*out++ = x2;

}

Е О Я 
Ф КЦ Я

1. М я у к о л  п вдоподо я

void OptMin(int *x1, int *x2, float *min, int begin)

{

*min = INFINITY;

unsigned int i, n = 25000, m = 20;

main_loop:for(i = 0; i < n*m; i++)

{

#pragma HLS PIPELINE

float val = OptTime2Def(begin + i/n, i%n);

if(val < *min)

{

*min = val;

*x1 = begin + i/n;

*x2 = i%n;

}

}

}

float OptTime2Def(int t1, int t2)

{

#pragma HLS PIPELINE

...

return val;

}
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