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Requirements:

e Users want to know:
o Which program variables and data structures are responsible for high memory
latency
o Desire to work at a source code level - make data actionable
o For every memory access:
m Execution time breakdown
m Size of the object
m Pinned versus paged memory
o Report cache misses L1/L2/L3?
o Provide suggestions for optimization: tiling? fusion?

e Tool developers want to know:
o Instruction addresses

o Data addresses
o Support for user annotations tied to memory addresses



Challenges:

Unable to attribute delays to program variables due to aliasing
How can we preserve mappings across runs

How can we avoid introducing a lot of profiling/tracing overhead
How can we intercept and track memory allocations



Current GPUs Support:

e NVIDIA

o Hardware counters
m Source of memory latency
m Instruction Pointers

o Nsight Compute

e AMD

o Hardware counters
m Source of latency: L1/L2
m Instruction Pointers
o Rocprof thread tracing
o Rocprof trace decoder (library + API)

e Intel
o Hardware counters?
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Instruction Hitcount! Latency: Sum all ~|| triton_ragged_hstu_attention.py |

CO I I I u te ds_write_b32 v0, v178 offset:32768 216 2592 352 ) =
ds_write_b32 v224, v180 offset:32768 216 3456 353 else:
ds_write_b32 v225, v177 offset:32768 216 3436 I 354 offs_pos_w = offs_n_minus_m + MAX_SEQ_LEN - 1

- ds_write_b32 v227, v176 offset:32768 216 3456 355 pos_w = tl.load(

V I ewe r s_waitent Igkment(0) 216 10496 _ 356 PW + offs_pos_w,
s_barrier 216 2472 357 mask=mask_ml[:, None] and mask_n[None, :],
ds_read_b32 v174, v228 offset:32768 216 1296 358 )
ds_read_b32 v175, v229 offset:32768 216 1728 359 attn_bias = attn_bias + pos_w
ds_read_b32 v176, v230 offset:32768 216 1728 360 gk = gk + attn_bias
ds_read_b32 v177, v231 offset:32768 216 1728 361 elif ATTN_BIAS_TYPE == "separate":
s_waitent Igkment(0) 216 16108 362 attn_bias = tl.load(

Th read Trace Data s_barrier 216 2468 363 bias_ptrs + start_n,

-~ ds_write_b32 v0, v172 offset:32768 216 2592 | 364 mask=mask_ml:, None] & mask_n[None, :],
-+ ds_write_b32 v224, v181 offset:32768 216 3456 | 365 other=0.0,
~ ds_write_b32 v225, v123 offset:32768 216 3456 366 )
ds_write_b32 v227, v182 offset:32768 216 3456 367 gk = gk + attn_bias
v_readlane_b32 s73, v115, 0 216 864 368 # pyre-fixme[16]: Module *math” has no attribute *fast_dividef'.
v_pk_fma_f32 v[180:181], v[236:237], 216 864 ] 369 | silu = fast_dividef(gk, 1.0 + tl.exp(-gk)) * (1.0 / MAX_SEQ _LEN))
v_add_f32_e32 v171, 0, v171 216 864 [ 370 silu = tl.where(invalid_mask, silu, 0)
v_pk_fma_f32 v[178:179], v[238:239], 216 864 \ 371 v = tl.load(V_block_ptr, boundary_check=(0,), padding_option="zen
v_mul_f32_e64 v168, -v180, s33 216 864 \ 372 silu = silu.to(v.dtype)
v_add_f32_e32 v170, 0, v170 216 864 373 return tl.dot(silu, v, allow_tf32=ALLOW_TF32)
v_cmp_gt_f32_e64 s[66:67], s71, v168 216 864 374
v_add_f32_e32 v184, v171, v205 216 864 375
v_add_f32_e32 v185, v170, v197 216 864 376 | @triton.jit
~% s_waitcnt Igkment(0) 216 2684 377 |def _ragged_hstu_attn_fwd_compute( # noga C901
s_barrier 216 2456 | 378 Q. | v
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Asks:

NVIDIA

- Report memory latency on a per instruction basis
- Add this capability to NVIDIA NSight compute (if it is not already there)
- Can you provide specific hardware counters to help?

AMD

- Report memory latency on a per instruction basis
- Combine hardware counter values with thread traces (AMD Advanced Thread Tracer)

Intel

- 777



