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Naive GEMM T {E#x 5 — B thread—NTE

__global__ void gemm_naive(

N
B const float* __restrict__ A,
B B .
Co const float™ __ restrict__ B,
K gl; float* _ restrict__ C,
int M, int N, int K
. - )|
A c — int row = blockldx.y * blockDim.y + threadldx.y;
b int col = blockldx.x * blockDim.x + threadldx.x;
Mo T o D ********** if (row >=M || col >= N) return;
float acc = 0.0f;
D for (intk =0; k < K; ++k) {
N acc += Alrow * K+ k] * B[k * N + col];
blockldx.x }
: > Clrow * N + col] = acc;
; ; . threadldx.x o }
C | : l blockDim.x
S T frow oo dim3 block(16, 16);

dim3 grid(ceil _div(N, 16), ceil _div(M, 16));

blockDim.y

blockldx.y
=

gemm_ naive<<<grid, block>>>(A, B, C, M, N, K);

***************************

. . X row = blockldx.y - blockDim.y + threadldx.y
v 1 L L col = blockldx.x - blockDim.x + threadldx.x
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Shared Memory A T#IEE R

KIB | E constexprint T=32; //BM=BN=BK=T
| | __shared__ float As[T][T];
__shared__ float Bs[T][T];

BK !

kO += BK

< | | int tx = threadldx.x, ty = threadldx.y;
A R c | | int row = blockldx.y * T + ty;
__________ SR R P N 2 int col = blockldx.x * T + tx;
float acc = 0.0f;

BM

P
\

for (intk0O=0; kO<K; kO+=T) {

§ : As[ty][tx] = load A(row, kO + tx);
— ™ Bs[ty][tx] = load_B(kO + ty, col);
__syncthreads(); // tile 552 /57 61
® Al = 2BMBNBk _ _BMBN _ for (intk=0; k<T; ++k)
4(ByBny+BnBg+ByBg) 2(Bpq+Bp) acc = fmaf(As[ty][k], Bs[k][tx], acc);
® = 8 FLOPs/Byte (T=32) __syncthreads(); // 8555 /5 T BEE =

}
}



Global to Shared Coalescing

0 31 Y

4-byte element access | WARP | 8-byte element access
4 sectors llllllllllll 8 sectors
0 32 64 9 128 160 192 224 256 288 320 352 0 32 64 96 128 160 192 224 256 288 320 352

M Add

emory fddresses Memory Addresses

COALESCED!

COALESCED!

4-byte element access
32 sectors

0 32 64 96 128 160 192 224 256 288 320 352

Memory Addresses
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® C Style #{ZH Row major, BEIKE ! 7 g 7 N
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(Global to Shared Vectorized

Memory

contiguous, aligned
memory access

] ] 1 [) 1
m Threads 0-7 $ Threads 8115 #& Thrieads 16-23 $8 Thrieads 24-31

cache line 0 cache line 1 cache line 2 cache line 3

warp

int row =tid / (BK / 4);
int col4 = (tid % (BK / 4)) * 4;

float4 value =
*reinterpret_cast<const float4™>(
&A[(block_m + row) * K + kO + col4]

);

*reinterpret_cast<float4™>(
&As[row][col4]
) = value;




B3 : Shared Tiling != 3545 % &7

» Scheduler Statistics O m
Summary of the activity of the schedulers issuing instructions. Each scheduler maintains a pool of warps that it can issue instructions for. The upper bound of warps in

the pool (Theoretical Warps) is limited by the launch configuration. On every cycle each scheduler checks the state of the allocated warps in the pool (Active Warps).
Active warps that are not stalled (Eligible Warps) are ready to issue their next instruction. From the set of eligible warps the scheduler selects a single warp from which

to issue one or more instructions (Issued Warp). On cycles with no eligible warps, the issue slot is skipped and no instruction is issued. Having many skipped issue slots
indicates poor latency hiding.

Active Warps Per Scheduler [warp]

15.94 No Eligible [%]
Eligible Warps Per Scheduler [warp]

3.09 One or More Eligible [%)]
0.40

59.57
40.43

Issued Warp Per Scheduler

l~ Issue Slot Utilization Every scheduler is capable of issuing one instruction per cycle, but for this workload each scheduler only issues an instruction m|
Est. Local Speedup: 59.57% every 2.5 cycles. This might leave hardware resources underutilized and may lead to less optimal performance. Out of the

maximum of 16 warps per scheduler, this workload allocates an average of 15.94 active warps per scheduler, but only an
average of 3.09 warps were eligible per cycle. Eligible warps are the subset of active warps that are ready to issue their next
instruction. Every cycle with no eligible warp results in no instruction being issued and the issue slot remains unused. To

increase the number of eligible warps, avoid possible load imbalances due to highly different execution durations per warp.
Reducing stalls indicated on the and

sections can help, too.

® Scheduler BET5ZR resident warps, B XSHFHRRHE eligible warp
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» Warp State Statistics

Analysis of the states in which all warps spent cycles during the kernel execution. The warp states describe a warp's readiness or inability to issue its next instruction.
The warp cycles per instruction define the latency between two consecutive instructions. The higher the value, the more warp parallelism is required to hide this latency.
For each warp state, the chart shows the average number of cycles spent in that state per issued instruction. Stalls are not always impacting the overall performance nor
are they completely avoidable. Only focus on stall reasons if the schedulers fail to issue every cycle. When executing a kernel with mixed library and user code, these
metrics show the combined values.

Warp Cycles Per Issued Instruction [cycle] 39.42 Avg. Active Threads Per Warp 32
Warp Cycles Per Executed Instruction [cycle] 39.43 Avg. Not Predicated Off Threads Per Warp 31.99
A Warp Stall

The optional metric smsp__pcsamp_sample_count could not be found. Collecting it as an additional metric could enable the rule to (]
provide more guidance.

|~ Mio Throttle Stalls On average, each warp of this workload spends 19.2 cycles being stalled waiting for the MIO (memory input/output) instruction (]
Est. Speedup: 48.79% queue to be not full. This stall reason is high in cases of extreme utilization of the MIO pipelines, which include special math
instructions, dynamic branches, as well as shared memory instructions. When caused by shared memory accesses, trying to use

fewer but wider loads can reduce pipeline pressure. This stall type represents about 48.8% of the total average of 39.4 cycles
between issuing two instructions.

w Key Performance Indicators

Metric Name Value Guidance

smsp__issue_active.avg.per_cycle_active 0.404347 Increase the average number of instructions issu...

smsp_average_mio_throttle 19.2357 Decrease the number of cycles spent in mio throt...

® Scheduler BE5%HY resident warps, B AZEEERIRE eligible warp
o T EH[FXZE MIO/shared-memory instruction pressure
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® Warp Scheduler ® Warp 184424 shared/MIO 5%,
— FMA / math pipelines {BF8% instruction queue B&IAE
— global/local-memory paths ® =% shared memory EBIFRIEFE
L— MIO queue ® 1 KZHISSHERR load/store

— shared-memory instructions

— special math

L— dynamic branch-related operations

= Instruction Statistics ~ Opcode Category Chart ~ O |

Statistics of the executed low-level assembly instructions (SASS). The instruction mix provides insight into the types and frequency of the executed in: i A w mix of instruction types implies a dependency on few
i ions' are

structions. A narro
nstruction pipelines, while others remain unused. Using multiple pipelines allows hiding latencies and enables parallel execution. Note that 'Instructions/Opcode’ and 'Executed Instruction measured differently and can

i
diverge if cycles are spent in system calls.
Executed Instructions [inst] 6,458,179,584 Avg. Executed Instructions Per Scheduler [inst] 14,949,489.78
6,458,264,884 Avg. Issued Instructions Per Scheduler [inst] 14,949,687.23

Executed Instruction Categories
1,000,000,000.0 2,000,000,000.0 3,000,000,000.0
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constexpr int BM =32, BN = 32;

) v N constexpr int BK = 8;
B | constexprint TM =2, TN = 2;
il — h // block = dim3(16, 16) > 256 threads

int tc = threadldx.x; // group of TN columns

K; ; e ; int tr = threadldx.y; // group of TM rows
A Lo | |
v
""""""""""" _ int row0 = blockldx.y * BM + tr * TM;
BM i {] oM =™ _ int col0 = blockldx.x * BN + tc * TN;
v o . | i float acc[TM][TN] = {};
I BK I | BN |
® CTA tile; 32 x 32

® X(Llth, tileEA thread 432 @ Thread tile: 2 x 2
Bz T=n] LU > shared- ® Thread grid: 16 x 16 = 256 threads
load instruction pressure

® [FRJfERL T threads! ® perk:
® 2 A values + 2 B value = 4 FMAs
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® AI . 2By BNBg . By B
4(BMBN+BNBK+BMBK) Z(BM+BN)

® 12F CTA tile X/VBFF data reuse

® — thread REEZHNITE,
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EIXEl:
® 80%+ cublas performance
® 87% fp32 pipe util
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® £1{7"7R/K": load -> compute -> load -> - -> load -> -
Load (5 #& 5% S (4]
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o cp.async

o Tensor Memory Acclerator T FAET1E {4



