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Profiler type summary

Intel Code visualization
n e_ Near-zero overhead
Al profiler | No setup required
4 »
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Overhead

Other profilers (e.g., GTPin)

Memory
Application I N Original 2
(DX11/DX12/Vulkan/OpenCL/CM) Data 1
|
Profile data 1
I P o - ———— !
GTPin Binary | Count0 1
Profiling Tool '@ Instrumentation e |m= Countl Instrumented GEN Binary Code
Framework Instrumented original functionality +
fili
t 1 | GENBinay LI _ | l==, profiling)
' COde inst
GEN Compiler |« GEN Driver o —I

Intel Al Profiler

Source: https://software.intel.com/sites/landingpage/gtpin/index.html

Does show GPU software internals,
but costs high overhead.
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Programs run as-is.
HW-based profiling: Intel eustalls
(execution unit stalls).
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Al Flamegraph
Intel

t Instruction offset —,
Al/ Stall reason —
GPU Instruction — .,
mnemaonic
4
Stack/source * EB'*SysCaﬂS"Icrctl(mt, unsigned Iang, void*)
Source file
NEO D|rectSubm|sswnHw<NEO XercCoreFamlly, NEO RenderDlspatcher<NEO XercCor NEO Dlrect
'NEO:: DirectSubmissionHw <NEO: : XeHpcCoreFamily, NEO::RenderDispatcher<NEO::XeHpcCo.. NEO::Direct..
_
CPU call — : : :t .
S tack NEO: CommandstreamRecelveer<NEO XercCoreFam||y> ﬂushImmediateTask(NEo L|ne NEO iCo
Legend
LO::CommandListCoreFamilyImmediate<(GFXCORE_FAMILY)3080>::executeCommandListl..  LO::Comma..
LO::CommandListCoreFamilyImmediate<(GFXCORE_FAMILY)3080>::flushImmediate(_ze res.. L0O::Comma..
LO::CommandListCoreFamilyImmediate<(GFXCORE_FAMILY)3080>::appendMemoryCopyReg.. LO::Comma..
LO::zeCommandListAppendMemoryCopyRegion(_ze_command_list_handle_t*, void*, _ze c..  LO::zeCom..
 /

CPU C++

‘zeCommandListAppendMemoryCopyRegion ~ [zeCommanii
-enqueueMemCopyRectHelper(ur_command_t, ur_queue_handle_t_*, void const*, void*, ur_r.. urEnqueue..
PID ——  [1409208
‘matrixdpcpp
Program — [

Python
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Reading a full

(inverted) GPU
Flame Graph
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Program name

PID

CPU call stack (user)

CPU call stack (kernel)

GPU source directories

GPU source file

GPU function stack

GPU instruction mnemonic

GPU stall reason

GPU instruction offset

Intel Public

“This application

...uses the GPU for this reason

..via this driver

..and runs this GPU application
..from this source file
..and runs this function

..which runs this instruction
..and is slow for this reason
..for these exact instructions.”

intel.
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Al Profiler: Requirements

Near-zero overhead

FAANGs target <0.1% overhead for profilers. A mere 5% overhead can trigger “bad instance” detection and auto termination.
Methods involving baked-in instruction instrumentation are non-starters. We keep overhead low using eBPF and eustalls.

Easy to deploy

The profiler should not require special deployments such as requiring the developer SSH to their servers and modify their
application start scripts. Most developers don’t SSH anymore and some sites have completely removed SSH, plus many sites
use continuous delivery Uls leaving the developer with no idea how to manually modify the application start process to
include some Intel library/layer. We used advanced eBPF to automatically instrument the kernel, no restarts of anything
required. This method is becoming known nowadays as “zero instrumentation.”

Easy to understand

The tool must speak the language of the developer: show them their own code function/method names.

Actual GPU HW profiling

Many current GPU profilers do not see inside the HW, and merely time requests. They are not “profilers” in the common use
of the term. Our solution actually sees inside the HW thanks to Intel eustalls.

Complete: CPU & GPU

Full stack visibility, to answer why (GPU) and how (GPU).

SATG DevCloud Performance Intel Public intel.
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How

Stall Sample

GPU Address (minus top bits)
Stall Reason
Count

Userspace Stacks of Kernel
Driver Calls

GPU instruction offset

GPU stall reason

GPU instruction mnemonic

GPU function stack

GPU source file

ELF of GPU Program

Full GPU Address
Native GPU Binary
GPU Symbols (maybel!)

SATG DevCloud Performance

Intel Public

GPU source directories

CPU call stack (kernel)

CPU call stack (C)

PID

Program name

intel.
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A Tale of Two Methods

uprobes Kprobes

- Probe where all buffer objects get allocated by the kernel driver
- Probe where all buffer objects get bound to a VM
- Probe where commands get sent to the GPU

PrObe runtlme ertlng COmmandS - ImpIemeF;]‘tagi::g:Iator of a GPU Command Streamer, including:

- Feature flags

- Base addresses

- Per-context instruction pointers

- 3D commands

- Program execution

Extract program addresses and - Semaphores

- Jumps

na meS - Ensure the simulator doesn’t run forever

- Ensure the simulator sees every single buffer object allocation,
binding, and execution

- Ensure overhead of simulator doesn’t grind workload to a halt

- Maintain BPF maps of GPU address ranges containing programs

- Send GPU address ranges of programs to userspace

- Parse ELFs from a special driver feature to associate GPU
addresses with program names

SATG DevCloud Performance Intel Public intel.



Caveats

GPU instruction offset

Need to collect ELFs of all
GPU programs, requires
expensive cooperation with the
kernel driver (Xe).

GPU stall reason

GPU instruction mnemonic

GPU function stack

Underlying hardware sampling
on Intel hardware, eustalls,
does not provide a context ID
to differentiate between
simultaneous workloads.
Workarounds in SW, but need
HW changes.

GPU source file

GPU source directories

Currently using GPU kernel
name, with very little support
for actual callstacks in GPU
code.

CPU call stack (kernel)

CPU-side callstacks currently
require frame pointers built into
all layers of the stack.

SATG DevCloud Performance

CPU call stack (C)  (C++)

A few choices on which CPU
callstack to use: buffer object
allocation, execbuffer, or
maybe something else?

PID

Program name

Intel Public
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PyTorch —

Function: 0xa90 (323,413 sampls, 14.16%)
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GING=1 |

Intel Al Profiler

Older,
C-like

User-level application

Profile with

Intel Al Profiler Internals

Newer, Intel preferred,
C++-like

User-level application

Intel® oneAP| DPC++/C++ Compiler

icxficpx
SYCL
in *.cpp
OpenCL 1cX ICPX DPCPP
o ©) (C++) (sycL)
Manual method
[ OpenCL ! SPIRV 1-.
API call APl call Poote sy | Intel® Graphics Compiler for OpenCL™
(LevelO/ (Level0) L1 il et * Soa
OpenCL) Sso
OpenCL Offline
Intel® Graphics Compute Runtime (NEO) £o0PA8 (ool oc)
(Debug Enabled) ol S 7
OpenCL™API | [ oneaPl Level Zero API | = Compiler |
X LLVM IR
Intel® Graphics

(tracepoints/kprobes) Gaudi

915 Falcon Shores
Driver Driver Driver
Profile M
Samples Initialization
PVC HW
Memory
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libvorbis decoding ------------
sound file

Entering a new sector ....... " -

(shader compilation) --.....

FPNGTexture::

CopyPixels (mostly in --.....

miniz inflation)

Initialization:

- 33.7% shader comp.
- 25.7% glsl parsing
-20.7% in x86 JIT

- 14.7% texture inflation

Enemies spawningin ..~
room 3, more instructions
in DrawSprite

SATG DevCloud Performance

CPU FlameScope

time (subsecond offset, ms) ——

time (s) ———»

Intel Public

time (s) ———»

visual correlation

~ 160ms pause due to

entering a new sector

_ 120ms pause due to

entering a new sector

~ 100ms pause due to

texture inflation

180ms pause

 (becoming a visible

stutter) due to
entering a new sector

More CPU work in

- room 3, reducing

GPU workload

intel.
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Proviz (demo?)

iaprof:EU-stall 2133781 samples |iaprof:EU-stall
laprof:hu t 65

iaprof:freque Hz  126° Bs

perficycles:P 28274 samples

SATG DevCloud Performance Intel Public
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Proviz

g x 418
ctive 1 IS shid di.. .. active cond M a.

[failed decodel add mul .. ..asssn fa a a a
ypeinfo name for deguantize_mul_mat_vec_gq4_0_sycl(void con t*, float const*, float*, int, int, sycl::_V1::queue*)::’lambda’(sycl::_V1::nd_item<3>) 50 moy mul .. ..
data/projects/iaprof/llama/llama.cpp/ggml/src/ggnl-sycl/dmmy.cpp .. typeinfo name for ..

/data/projects/iap. .

s:CommandListCoreFamily<(GFXCORE_FAMILY)3081 ppendLaunchKernelWithParans(LO: :Kernel*, _ze_group_count_t const&, L@::Event*, LO::CmdListKernellaunchParamsé)
CommandListCoreFamily<(GFXCORE_FAMILY)3081 ppendLaunchKernel(_ze_kernel_handle_t*, _ze_group_count_t const&, _ze_event_handle_t*, unsigned int, _ze_eve.. 0::CommandListCor..
CommandListCoreFanilyInnediate<(GFXCORE_| FﬂﬂlLY)3BB1> :appendLaunchKernel(_ze_kernel_handle_t*, _ze_group_count_t const&, _ze_event_handle_t*, unsigned int. ol L ommandListCor. .
zeComnandListAppendLaunchKernel(_ze_command_list_handle_t*, _ze_kernel_handle_t*, _ze_group_count_t const*, _ze_event_handle_t*, unsigned int, _ze_event_h.. G onmandListCor
5 eCommandListh

r_command_list_manager::appendKernellaunchUnlocked(ur_kernel_handle_t_*, unsigned int, unsigned long const*, unsigned long const*, unsigned long const*, unsi..
ommand_list_manager::appendKernellaunch{ur_kernel_handle_t_*, unsigned int, unsigned long const*, unsigned long const*, unsigned long const*, unsigned int..
2::ur_queue_inmediate_in_order_t::enqueueKernellaunch{ur_kernel_handle_t_*, unsigned int, unsigned long const*, unsigned long const*, unsigned long const*, u.. .. ur_command_list_ma
rEngueuekernellaunch(ur_queue_handle_t_*, ur_kernel_handle_t_*, unsigned int, unsigned long const*, unsigned long const*, unsigned long const.. v2:i.. lr-qTEUE_im.Ed
nch : ur::level _zero::ur
nqueueImnKernel(sycl _¥1:idetail::gueue_inpl&, sycl::_¥1::detail::NDRDescT&, std::vector<sycl::_V1::detail::ArgDesc, std::allocator<sycl:..
finalize()::’lambda’()::operator()() const::’lambda’( perator()() const 7 V1::detail:
finalize()::’lanbda’()::operator()() const A andler
3 V1
ti_V1:idetail::queue_ 1mpl flnallzeHandlerInUrderNuEventsUnlucked(sycl _Y1::handler>(sycl::_ e V1
Ve clii_V1:idetall::code_ lucat1on consté, bo 1 DI Vitdeta. . i ari
v1: Ly d el 1:id LR " BN
kycl event sycl:: tsubmit_with_i event(sycl 24 iaE 1 properties<sycl 1:iext::ioneapi: 1 1 ies. G Y1
anl_ sycl op_dequantize_mul_mat_ vec(ggml backend_sycl_context&, ggml tensor const*, ggml_tensor const*, ggml_tensor*, char const*, float const*, char const*, .. i V1
oid ganl_sycl_op_nul_mat<no_guantize_q8_1>(ggnl_backend_sycl_context&, ggml_tensor const*, ggml_tensor const*, gaml_tensor*, void (*)(ggml_hackend_sycl_conte.. 7

lama_context::graph_conpute(ggnl_cgraph*, bool)
batch(llama_ubatch const&, llm_graph_type, llama_memory_context_i*, ggml_status&)
ntext::decode(llama_batch const&)
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Current Release

GPU profiler is called iaprof (Intel Accelerator Profiler)
Needs frame pointers for full CPU stacktraces
Overhead is high by default, needs to parse all batchbuffers
https://github.com/Intel/iaprof

Proviz

https://qgithub.com/kammerdienerb/proviz
Also supports perf script output

# sudo iaprof record -i 10 1> profile.txt 2> output.txt &
# [Run workload]

# sudo kill $ (pidof iaprof)

# proviz report profile.txt
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