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Most people use Mali Graphics Debugger (MGD) to help debug OpenGL®

ES applications on Linux or Android. However graphics is not the only API

that is supported by MGD, in-fact MGD supports applications that use the

OpenCL™ API as well. This means that if you run MGD with an application

that uses OpenCL you will get the same function level tracing that you
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would get with OpenGL ES. You will also get access to the kernel source

code in much the same way you would get access to your OpenGL ES

shader source code.

With the release 2.1 of Mali Graphics Debugger the OpenCL feature set has

been improved by the inclusion of GPUVerify support. GPUVerify is a tool

for formal analysis of kernels written in OpenCL and was partly funded by

the EU FP7 CARP project http://carpproject.eu/. The tool can prove that kernels

don’t suffer from the following three issues:

Intra-group data races: This is when there is a data race between work

items in the same work group.

Inter-group data races: This is when there is a data race between work

items in different work groups.

Barrier divergence: This is when a kernel breaks the rules for barrier

synchronization in conditional code de�ned in the OpenCL documentation.

The tool was created by Imperial College London and more information

about the tool and the issues it can diagnose can be found by visiting

http://multicore.doc.ic.ac.uk/GPUVerify.

In essence if you provide GPUVerify with the source code of a OpenCL

kernel along with the local and global work group sizes it can check your
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kernel for the issues highlighted above. One of the main reasons for

including support for this tool in MGD is that the information required to

run GPUVerify is already known from tracing your application. The steps

needed to use this tool with MGD are outlined below:

Step 1: Download Mali Graphics
Debugger v2.1 and GPUVerify

Mali Graphics Debugger can be downloaded from

http://malideveloper.arm.com/develop-for-mali/tools/software-tools/mali-

graphics-debugger/. If you are using an older version of MGD you will need

to upgrade. Version 2.1 has much more included than just GPUVerify

support, a few items are listed below:

Support for ARMv8 (Android 64-bit)

Support for tracing Android Extension Pack

Many improvements to the Frame Overrides feature.

GPUVerify can be downloaded in binary form for both Linux and Windows

from the following location:

http://multicore.doc.ic.ac.uk/tools/GPUVerify/download.php. GPUVerify

does support Mac OS X as well but you will have to build it from source.
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Step 2: Make sure GPUVerify is working
stand-alone

Using GPUVerify successfully inside MGD is often easier once it is

established that GPUVerify works in a stand-alone capacity. Once it has

been downloaded the process of making it work is easy thanks to the

documentation provided on the GPUVerify's website. Along with a section

that provides common troubleshooting advice. A good way to check that it

is working correctly is to try GPUVerify with some of the examples that are

provided with the Mali OpenCL SDK.

The following image is of the output from GPUVerify running the

HelloWorld example from the Mali OpenCL SDK:
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Step 3: Making MGD Aware of the
Location of GPUVerify

As GPUVerify is not shipped with MGD you must specify the location of where you installed it to MGD. To do this

in MGD do the following:

Click Edit -> Preferences

Click on the Text box next to "Path to GPUVerify" and provide the loca�on of the GPUVerify binary.
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Step 4: Run a normal OpenCL trace in
MGD

As mentioned previously MGD will try to �ll in the prerequisite information for GPUVerify from the trace. It does

this by looking for several functions; the most important are clCreateProgramWithSource,

clCreateKernel and clEnqueueMapBuffer.
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If you don't use clCreateKernel to create your kernels, MGD can also

obtain the information from clCreateKernelsInProgram. As shown in

the image above MGD also captures the build options used in

clBuildProgram to pass to GPUVerify. The more details that can be

passed to GPUVerify the more accurate it can analyze your kernels.
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Step 5: Running GPUVerify from MGD

To run the tool you need to select Debug -> Launch GPU Verify. MGD will

then present a new dialog box which summarizes all of the information

MGD managed to pull out of the trace. You are free to �ll this information in

or even change the information. One of the reasons you may want to do this

is to try new work group sizes or global work sizes, to see if there are any

unforeseen issues with different kernel parameters.

Stage 6: Analyzing the Results

The results should be placed in the console view as part of MGD. Here are the results of the HelloWorld example

from above running through MGD:
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Summary

Mali Graphics Debugger can be used to do much more than debug and trace

graphics applications. It can be used to debug and trace OpenCL

applications as well. With the inclusion of GPUVerify support it is now

possible to debug possible data race conditions in your kernels as well as

barrier divergence issues. MGD will send as much data as it can to

GPUVerify by analyzing the trace of your OpenCL application.
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 Anton Lokhmotov over 6 years ago

Brilliant! Thank you so much the Mali Tools team!

I must add that it's a culmination of three years of effort in the EU-

funded CARP project: carpproject.eu. Watch for other good things to

come out soon!
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