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Generic GPU architecture



Programming model

I Looks like MIMD
I Warps (wavefronts) are executed in lockstep, called SIMT

(Single Instruction, Multiple-Thread)



CUDA code for SAXPY

__global__ void saxpy ( i n t n , f l o a t a , f l o a t *x , f l o a t *y )
{

i n t i = blockIdx . x*blockDim . x + threadIdx . x ;
i f ( i <n)

y [ i ] = a*x [ i ] + y [ i ] ;
}
i n t main ( ) {

f l o a t *h_x , *h_y ;
i n t n ;
// omitted : a l l o c a t e CPU memory f o r h_x and h_y and i n i t i a l i z e contents
f l o a t *d_x , *d_y ;
i n t nblocks = (n + 255) / 256 ;
cudaMalloc ( &d_x , n * s i z e o f ( f l o a t ) ) ;
cudaMalloc ( &d_y , n * s i z e o f ( f l o a t ) ) ;
cudaMemcpy( d_x , h_x , n * s i z e o f ( f l o a t ) , cudaMemcpyHostToDevice ) ;
cudaMemcpy( d_y , h_y , n * s i z e o f ( f l o a t ) , cudaMemcpyHostToDevice ) ;
saxpy <<< nblocks , 256 > > >(n , 2 . 0 , d_x , d_y ) ;
cudaMemcpy( h_x , d_x , n * s i z e o f ( f l o a t ) , cudaMemcpyDeviceToHost ) ;
// omitted : use h_y on CPU, f r e e memory pointed to by h_x , h_y , d_x , and d_y

}



PTX for SAXPY
. v i s i b l e . entry _Z5saxpyifPfS_ (
. param . u32 _Z5saxpyifPfS__param_0 ,
. param . f32 _Z5saxpyifPfS__param_1 ,
. param . u64 _Z5saxpyifPfS__param_2 ,
. param . u64 _Z5saxpyifPfS__param_3
)
{
. reg . pred %p<2 >;
. reg . f32 %f <5 >;
. reg . b32 %r <6 >;
. reg . b64 %rd <8 >;
ld . param . u32 %r2 , [ _Z5saxpyifPfS__param_0 ] ;
ld . param . f32 %f1 , [ _Z5saxpyifPfS__param_1 ] ;
ld . param . u64 %rd1 , [ _Z5saxpyifPfS__param_2 ] ;
ld . param . u64 %rd2 , [ _Z5saxpyifPfS__param_3 ] ;
mov . u32 %r3 , %c t a i d . x ;
mov . u32 %r4 , %nt id . x ;
mov . u32 %r5 , %t i d . x ;
mad . l o . s32 %r1 , %r4 , %r3 , %r5 ;
se tp . ge . s32 %p1 , %r1 , %r2 ;
@%p1 bra BB0_2 ;
cvta . to . g l o b a l . u64 %rd3 , %rd2 ;
cvta . to . g l o b a l . u64 %rd4 , %rd1 ;
mul . wide . s32 %rd5 , %r1 , 4 ;
add . s64 %rd6 , %rd4 , %rd5 ;
ld . g l o b a l . f 32 %f2 , [%rd6 ] ;
add . s64 %rd7 , %rd3 , %rd5 ;
ld . g l o b a l . f 32 %f3 , [%rd7 ] ;
fma . rn . f32 %f4 , %f2 , %f1 , %f3 ;
s t . g l o b a l . f 32 [%rd7 ] , %f4 ;
BB0_2 :
r e t ;
}



SASS (Fermi - CUDA 8) for SAXPY



OpenCL

f l o a t fn0 ( f l o a t a , f l o a t b)
{

i f ( a>b)
r e turn ( a * a - b ) ;

e l s e
re turn (b * b - a ) ;

}

// R e g i s t e r s r0 conta in s " a " , r1 conta in s "b"
// Value i s returned in r2
v_cmp_gt_f32 r0 , r1 // a>b
s_mov_b64 s0 , exec
// Save cur r ent exec mask
s_and_b64 exec , vcc , exec // Do " i f "
s_cbranch_vccz l a b e l 0 // Branch i f a l l l a n e s f a i l
v_mul_f32 r2 , r0 , r0 // r e s u l t = a * a
v_sub_f32 r2 , r2 , r1 // r e s u l t = r e s u l t - b
l a b e l 0 :
s_not_b64 exec , exec // Do " e l s e "
s_and_b64 exec , s0 , exec // Do " e l s e "
s_cbranch_execz l a b e l 1 // Branch i f a l l l a n e s f a i l
v_mul_f32 r2 , r1 , r1 // r e s u l t = b * b
v_sub_f32 r2 , r2 , r0 // r e s u l t = r e s u l t - a
l a b e l 1 :
s_mov_b64 exec , s0
// Restore exec mask



Microarchitecture of GPU core



SIMD Stack



Deadlock - SIMD Stack



Stackless

I Barrier Participation Mask - tracks which threads may
participate in given barrier

I Barrier State - which threads have arrived to given barrier
I Thread State - Blocked | Ready | Yielded
I rPC - program counter
I thread active - is thread active



Volta reconvergence



Unified L1 architecture



Unified L1 architecture

I Shared by all threads in CTA
I Bank conflicts
I Coalesced accesses



L1 texture cache


