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ld.param.u64 %rd2, [ parml];

cvt.u64.s32 %rdl1, %r3;
ld.param.u64 %rd2,[ parml];

[V 0 0 .
add.u64 %rd3, %rd2, %rd1; addu6d ford3, Yord2, ordls
Ndelobalss  %rs, erdssl; bar.synch_partner 03
----------------------------------------------- 1d.global.s8  %rS, [%rd3+0];
mov.u32 %r6,0; ..
mov.u32 %r6, 0;

setp.eq.s32 %p2, %or5, %r6;
@%p2 bra SLt 0 5122: setp.eq.s32 %p2, %or5, %or6;
o P b

0, .
mov.sl6 %rh2, 0; @%p2bra  SLt 0 5122;
'''''''''''''''''''''''''''''''''''''''''' mov.s16 %rh2, 0;

----------------------------------------------- bar.synch_partner 0;
st.global.s8  [%rd3+0], %rh2;
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3:} P30
4: regB = gmem[idxB]; 1 4: __ syncthreads();
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if( warp_id == 0){

__syncthreads(); // warp-0 is locked here
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A5 wal g |l i nl e 5 edd e las e BFS Sow [iS 4 hata 1358 45 :¥-0 o2, K
__global  wvoid '
Kernel ( Node* g graph nodes,

int* g graph edges, bool* g graph mask,
bool* g updating graph mask, bool *g graph visited,
int* g cost, int no_of nodes)

{
int tid = blockIdx.x*MAX THREADS PER BLOCK + threadIdx.x;
if( tid<no_of nodes && g graph mask[tid])
{
""""""""" g graph mask([tid]=false;
for (int i=g graph nodes[tid].starting;
i<(g graph nodes[tid].no of edges + g graph nodes[tid].starting);
i44) a T B h
{
int id = g graph edges([i];
if(!g graph visited[id])
{
g _cost[id]=g cost[tid]+1;
g updating graph mask[id]=true;
}
e
}
}
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SL s Sl ) Cons s F-F (.;win 23 ek gl cae b isw L blie PTX a5 :0-0 v,u_”in
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.entry Kernel ( ! A B C
.param .u64 g graph nodes, '
.param .u64 g graph edges,
| .param .u64 g _graph mask, |
I .param .u64 g updating graph mask, I
.param .u64 g graph visited,
.param .u64 g cost,
.param .s32 no_of nodes)

{
SLBB1__Kernel:
1: mov.ul6 ¢rhl, %ctaid.x; * * *
2: mul.wide.ul6 $rl, %rhl, 512; * * *
3: cvt.u32.ul6 sr2, stid.x; * * *
4: add.u32 $r3, $r2, sril; * * *
5: ld.param.s32 %r4, [no of nodes]; * * *
6: setp.le.s32 spl, $r4, Sr3; * * *
7 @3pl bra $Lt_0_5122; * * *
8: cvt.u64.s32 $rdl, $r3; * - *
9: ld.param.u64 %rd2, [g graph mask]; * - *
10: add.u64 $rd3, $rd2, %rdl; * - *
11: 1d.global.s8 %r5, [%rd3+0]; * - *
12: E mov.u32 %r6, 0; E * - *
13: ' setp.eq.s32 %p2, %r5, %r6; , * - *
14: @%p2 bra SLt 0 5122; i * - *
SLt 0 5122:

' - . ' * * *

15: | exit; :
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Abstract

Today supercomputers employ throughput-oriented GPUs as a computation accelerator. In
these processors, thousands of threads per core are interleaved to hide the memory latency.
Each core groups tens of threads into a warp and executes the threads of a warp at the same
pace in order to utilize the wide SIMD. Upon executing conditional branch instruction,
threads of a warp can diverge into different paths. Conventional mechanism of branch
divergence management reduces SIMD utilization significantly. In this study we evaluate the
branch divergence and show that the processor throughput (SIMD utilization) is a tradeoff
between the thread-level parallelism and the SIMD lane activity. Moreover, we show that the
warp size can impact the processor performance. A given architecture may perform faster
under small or large warps, depending on the workload behavior. Based on these
observations, we propose two techniques to improve the GPU performance. In the first
technique, known as CROWN, a novel control flow mechanism has been presented that
regroups the diverged threads into new warps and rejoins the threads at the re-convergence
point dynamically. The CROWN’s goal is to improve both the thread-level parallelism and
SIMD lane activity. Our evaluation shows that the CROWN improves performance up to
2.3X while imposing the hardware overhead of ~4%. The second technique, DWR, schedules
the threads in small warps and dynamically synchronizes them to execute memory
instructions using large warps. The DWR goal is to achieve the benefits of both small and
large warp under the unified design. Our evaluation shows that the DWR improves the
performance up to 70% while imposing less than 1% area overhead.

Keywords: Processor Architecture, Hardware Accelerator, GPU, SIMD Utilization,
Multithreading, Thread Grouping,
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