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Applications

Syscalls

GPU Libraries
API points

SchedulerTracepoints

i915 driverTracepoints

Kernel
CPU profiler (SW or HW based)

Intel GPUCPU

GPU Program 
(+ extra code)

Injected binary 
instrumentation

Old on-GPU method:

New AI profiler:

Many current 
GPU 

“profilers”

Intel
AI profiler

Intel 
GTPin 
profilereBPF

Debuginfo

Profiler type summary

GPU profiler 
(eustalls)

GPU Program

Code visualization
Near-zero overhead
No setup required

Often requires 
starting via the 
profiler or code 
rebuilds
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Other profilers (e.g., GTPin) Intel AI Profiler

Does show GPU software internals,
but costs high overhead.

Programs run as-is.
HW-based profiling: Intel eustalls
(execution unit stalls).

Overhead

Intel 
eustalls

Memory

programs

PVC

Source: https://software.intel.com/sites/landingpage/gtpin/index.html
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Instruction offset
Stall reason
Instruction 
mnemonic

Stack/source 
functions

Source file

CPU call 
stack

PID
Program

Legend
:

AI/
GPU

GPU HW
GPU source
OS Kernel
CPU C++
CPU C
Python
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Reading a full 
(inverted) GPU
Flame Graph

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

“This application

…uses the GPU for this reason

…and runs this GPU application

…for these exact instructions.”

…via this driver

…from this source file

…and runs this function

…which runs this instruction
…and is slow for this reason

“why”

“how”
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AI 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 UIs 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).
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Stall Sample

GPU Address (minus top bits)
Stall Reason
Count

Userspace Stacks of Kernel 
Driver Calls

ELF of GPU Program

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

GPU instruction offset

GPU stall reason

GPU instruction mnemonic

GPU function stack

GPU source file

GPU source directories

-

CPU call stack (kernel)

CPU call stack (C)

PID

Program name

How
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A Tale of Two Methods

uprobes kprobes

Probe runtime writing commands

Extract program addresses and 
names

- 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
- Implement a simulator of a GPU Command Streamer, including:

- Registers
- Feature flags
- Base addresses
- Per-context instruction pointers
- 3D commands
- Program execution
- Semaphores
- Jumps

- 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
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Caveats GPU instruction offset

GPU stall reason

GPU instruction mnemonic

GPU function stack

GPU source file

GPU source directories

-

CPU call stack (kernel)

CPU call stack (C)

PID

Program name

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

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

(C++)

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.

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

A few choices on which CPU 
callstack to use: buffer object 
allocation, execbuffer, or 
maybe something else?
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PyTorch
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Proviz (demo?)
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Proviz
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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://github.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

https://github.com/Intel/iaprof
https://github.com/kammerdienerb/proviz



