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Introduction

Improve what you can measure, need to identify:
▶ hotspots: which function takes most of the run item.
▶ bottlenecks: what limits the performance of the hotspots.

Manual timing is difficult
Access to hardware counters

CUDA tools:
cuda-memcheck to detect invalid memory access
cuda-gdb, nsight eclipse to debug a CUDA program.
nvprof, visual profiler to profile CUDA programs
occupancy calculator
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cuda-memcheck

Detects memory access errors
Run time error detection
Included in CUDA Toolkit
Similar to Valgrind
http://docs.nvidia.com/cuda/cuda-memcheck/
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cuda-memcheck
Errors

Memory access
▶ out of bound or misaligned access to memory
▶ shared memory hazard checking

Hardware exception errors
Malloc/Free errors

▶ due to incorrect use of malloc or free
▶ allocations of device memory which have not been freed

Leak errors
▶ device heap memory leaks
▶ cudaMalloc allocation leak

CUDA API errors
▶ failure of cuda API call
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cuda-memcheck I
Command-line memory access analyzer

Getting started:
compile with -g (host debug info) -G (device)
cuda-memchek a.out
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cuda-memcheck II
Command-line memory access analyzer

__global__: for device global memory
__shared__: for per block shared memory
__local__: for per thread local memory
the source file and line number
information about type of access (read / write)

the thread indices and block indices of the thread
memory address being accessed and the type of of access error
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cuda-gdb I

Symbolic debugger
Debug CUDA appplications running on actual hardware
extension of GNU gdb
http://docs.nvidia.com/cuda/cuda-gdb/
Gui Tools: Nvidia nsight, or DDD (ddd –debugger cuda-gdb)

Getting started:
nvcc -g -G foo.cu -o foo

▶ forces -O0 compilation
▶ includes debug information

Start the execution control: cuda-gdb foo
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cuda-gdb II

(cuda-gdb) run: starts application
(cuda-gdb) break my_kernel : break execution at function name

( cuda−gdb ) break vectorAdd
Breakpoint 1 a t 0x402cfe

(cuda-gdb) continue: resume the application
(cuda-gdb) kill : kill the application (interrupt ’CTRL-C’)
(cuda-gdb) info locals: print all currently set variables
(cuda-gdb) info cuda devices: obtain list of devices in the system

Dev Desc r i p t i on SM Type SMs Warps /SM Lanes /Warp Max Regs / Lane Ac t i ve SMs Mask
* 0 GF110 sm_20 14 48 32 64 0x00003 f f f
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cuda-gdb III

(cuda-gdb) info cuda kernels: all active kernels

Kernel Parent Dev Grid Status SMs Mask GridDim BlockDim Invoca t i on
* 0 − 0 1 Act i ve 0x00003 f f f (196 ,1 ,1) (256 ,1 ,1) vectorAdd ( )

(cuda-gdb) info cuda threads: active CUDA blocks and threads with the
total count of threads in those blocks

BlockIdx ThreadIdx To BlockIdx ThreadIdx Count V i r t u a l PC Filename Line
Kernel 0
* (0 ,0 ,0 ) (0 ,0 ,0 ) (83 ,0 ,0 ) (255 ,0 ,0) 21504 0x0000000000818a50 n / a 0

(cuda-gdb) cuda kernel 0 block 1,0,0 thread 3,0,0: switch focus
to any currently running thread
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cuda-gdb IV

[ Swi tch ing focus to CUDA kerne l 0 , g r i d 1 , b lock (1 ,0 ,0 ) , thread (3 ,0 ,0 ) , device 0 , sm
5 , warp 0 , lane 3]

0x0000000000818a50 in vectorAdd ( f l oa t const * , f l oa t const * , f l oa t * , i n t ) < <<(196 ,1 ,1)
, (256 ,1 ,1 )>>> ( )

(cuda-gdb) cuda kernel block thread: obtain the current focus:

kerne l 0 , b lock (1 ,0 ,0 ) , thread (3 ,0 ,0 )

(cuda-gdb) info stack: stack trace

#0 0x0000000000818a50 in vectorAdd ( f l oa t const * , f l oa t const * , f l oa t * , i n t ) < <<(196 ,1 ,1)
, (256 ,1 ,1 )>>> ( )

(cuda-gdb) print **variable**: source variables
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Nsight Eclipse Edition

full-featured IDE powered by the Eclipse platform
build system
gui for debugging (using the cuda-gdb)
https://developer.nvidia.com/nsight-eclipse-edition
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Profiling

is the app running kernels on the GPU at all? ...
is it performing excessive memory copies?
identify:

Hotspot
An area of code within the program that uses a disproportionately high amount of
processor time.

Bottleneck
An area of code within the program that uses processor resources inefficiently and
therefore causes unnecessary delays.
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CUDA Profiling Tools

NVIDIA Visual Profiler (nvvp)
is a graphical profiling tool that displays a timeline of your application’s CPU and GPU
activity, and that includes an automated analysis engine to identify optimization
opportunities.

Command-line profiling tool (nvprof)
The nvprof profiling tool enables you to collect and view profiling data from the
command-line.
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nvprof
Getting started:

nvprof ./a.out
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nvprof

Summary Mode (default): single result line for each kernel
function and each type of CUDA memory copy/set performed by
the application.
Trace –print-gpu-trace: . GPU-Trace mode provides a
timeline of all activities taking place on the GPU in chronological
order. see on which GPU each kernel ran, as well as the grid
dimensions used for each launch.
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nvprof

Profile anything
–output-profile you can output a data file for later import into
either nvprof or the NVIDIA Visual Profiler.
–query-events list measure specific events to check with
–events
–query-metrics list available metrics to check with –metrics
–analysis-metrics capture all of the GPU metrics that the
Visual Profiler needs for its ”guided analysis” mode.
–help help information.
http://docs.nvidia.com/cuda/profiler-users-guide/
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nvvp

Visualize and optimize performance of a CUDA application
timeline view on CPU and GPU
import data generated by nvprof
guided and unguided analysis
https://developer.nvidia.com/nvidia-visual-profiler
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nvvp
Getting started:

nvvp -> File -> New Session
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Overview
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Timeline
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Analysis
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Examine Kernels
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Utilisation
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Memory Bandwidth analysis
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Help
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Profliling MPI+CUDA Applications
http://docs.nvidia.com/cuda/profiler-users-guide/index.html#mpi-nvprof

Collect data with nvprof

Start the nvprof with the mPI launcher to generate output profile for each process.
string %q{ENV} can be used to name the output file
openpi: OMPI_COMM_WORLD_RANK , intelmpi: PMI_RANK, slurm: SLURM_PROCID

srun nvpro f −o output .%h.%p.%q {SLURM_PROCID} <GPU_EXECUTABLE>
mpirun −np 2 nvpro f −o simpleMPI.%q {PMI_RANK } . nvpro f . / simpleMPI
Running on 2 nodes
==80284== NVPROF i s p r o f i l i n g process 80284 , command : . / simpleMPI
==80286== NVPROF i s p r o f i l i n g process 80286 , command : . / simpleMPI
Average of square roo ts i s : 0.667279
PASSED
==80286== Generated r e s u l t f i l e : / users / s t a f f / n i ko lou t sa / opt / cuda / 8 . 0 / samples /0 _Simple /

simpleMPI / simpleMPI . 1 . nvpro f
==80284== Generated r e s u l t f i l e : / users / s t a f f / n i ko lou t sa / opt / cuda / 8 . 0 / samples /0 _Simple /

simpleMPI / simpleMPI . 0 . nvpro f
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Profiling MPI+CUDA Applications

Analyzing profiles with nvvp
Import Multi-Process nvprof Session
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Occupancy

The multiprocessor occupancy is the ratio of active warps to the
maximum number of warps supported on a multiprocessor of the GPU
(check deviceQuery)
Keeping the hardware busy helps the warp scheduler to hide latencies.
Higher occupancy does not always equate to higher performance-there
is a point above which additional occupancy does not improve
performance. However, low occupancy always interferes with the ability
to hide memory latency, resulting in performance degradation.
threads per block should be a multiple of warp size
a minimum of 64 threads per block should be used
128-256 threads per block is a good starting point for further
experimentation
prefer to split very large blocks into smaller blocks
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Occupancy

Each multiprocessor on the device has a set of N registers
available for use by CUDA program threads. These registers are a
shared resource that are allocated among the thread blocks
executing on a multiprocessor. The CUDA compiler attempts to
minimize register usage to maximize the number of thread blocks
that can be active in the machine simultaneously. If a program tries
to launch a kernel for which the registers used per thread times the
thread block size is greater than N, the launch will fail.
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Occupancy Calculator

/apps/compilers/cuda/8.0.61/tools/CUDA_Occupancy_
Calculator.xls

cudaOccupancyMaxPotentialBlockSize Returns grid and block
size that achieves maximum potential occupancy for a device function.
https://docs.nvidia.com/cuda/cuda-driver-api/group_
_CUDA__OCCUPANCY.html
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Thank you :)
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