

    
      
          
            
  
Welcome to Read the Docs

This is an autogenerated index file.

Please create an index.rst or README.rst file with your own content
under the root (or /docs) directory in your repository.

If you want to use another markup, choose a different builder in your settings.
Check out our Getting Started Guide [https://docs.readthedocs.io/en/latest/getting_started.html] to become more
familiar with Read the Docs.





          

      

      

    

  

    
      
          
            

Index



 




          

      

      

    

  

    
      
          
            
  
Collaborators

The list of collaborators may be updated from time to time.




University of Oxford


	Wes Armour (OeRC)


	Mike Giles (Maths)


	Aris Karastergiou (Physics)


	Chris Williams (Physics)


	Steve Roberts (Engineering)


	Sofia Dimoudi (OeRC)


	Karel Adamek (OeRC)


	Ania Brown (OeRC)


	Nassim Ouannoughi (OeRC)


	Jayanth Chennamangalam (Physics)







University of Bristol


	Dan Curran


	Simon McIntosh Smith


	Jose Nunez-Yanez







University of Manchester


	Mitch Mickaliger


	Ben Stappers


	Prabu Thiagaraj


	Jayanta Roy







ASTRON


	Cees Bassa


	Jason Hessels







Silesian University in Opava


	Jan Novotny







NVIDIA


	Kate Clark


	Tim Lanfear







ALTERA


	Byron Sinclair


	Andrew Ling


	Steve Casselman







Zenotech


	James Sharpe








          

      

      

    

  

    
      
          
            
  
Developers Guide




Dependencies

Astro-Accelerate depends on the CUDA libraries, and in particular the following libraries


	cuFFT


	cuRAND




The minimum device architecture supported is 3.5 and above.

Do not introduce any new dependencies on any other product without consultation.




Repository Conventions


Solving Issues


	Create a new issue on GitHub. Fill in the issue template. Assign the issue to someone.


	Checkout a new branch named abc_##_description where abc are your initials, ## is the issue number assigned by GitHub, and description is a very brief description of the branch.


	Do not use special characters and in particular no slash characters when naming branches.







Committing and Pushing


	Work and commit incrementally.


	Commit messages to include an extended description, nominally 100 characters long or longer are permissible to provide detail.


	Push the changes regularly.







Pull Requests


	When a branch is ready to commit, create a pull request and use the pull request template.


	Fill in the details of the pull request template. In particular, tag which issues are being fixed by using fixes ##, where ## is the issue number of any issues being fixed. If multiple issues are being fixed, separate the issues with a comma, adding fixes for each one of them.


	Add a meaningful description of the changes. For instance, detail each file that was changed and why it was changed. Provide simple instructions to test whether the changes work.


	Assign the pull request to a relevant person (either the person who created the issue, or someone who has permissions to merge the branch). Tag relevant people for review, and/or tag people in the pull request description for commenting as needed.


	Prepend [WIP] and/or [DO NOT MERGE] if the branch is Work In Progress or if the branch should not be merged yet. Remove these flags when no longer needed.


	Once the branch is merged, the issue it relates to is either closed automatically if it was tagged, or it will be manually closed by the person who merged the branch.


	The branch may only be deleted if the pull request has indicated this explicitly. If this is the case, the branch will be deleted by the person who merged the branch.







Release Tagging


	When a new tagged release is to be made, a new issue should be created to request it.


	This issue should be tagged with appropriate labels, and assigned to someone who can create tagged releases.


	The tagged release will be created, and the person who did this will then close the issue.


	The reasons for requesting a new tagged release should be added to the issue description.


	The person creating the new tag will inspect the pull requests since the last tag, and assess what the semantic version number increment should be for the new tagged release.


	A brief description for the tagged release should be added. Suggestions can be made in the issue description for the issue that requested the tag, but the previous pull requests should be taken into consideration when naming and describing the new tagged release.







Forking


	Changes from forked repositories will not be merged into the main repository code.







master Branch Guidelines


	The master branch is protected. No one shall commit to it directly.


	The master branch should always be stable and ready to be released and tagged.


	The master branch is tightly controlled.


	The master branch shall compile and pass all tests at all times.


	Pull requests to the master branch must only be done after code review.


	Pull requests to the master branch must be done from a working development branch that passes all tests.


	Developers should keep their own branch up to date with the branch from which they are working.


	Branches that introduce new features should only be merged if they are up to date with the development branch from which they are branched.


	Commits to a development branch for which the intention is to merge to the master branch should be code reviewed and also function properly before being merged.


	Any failure to adhere to the above should be remedied with high priority.









Repository Structure Astro-Accelerate

The following is an outline of the file structure of the repository.
When the repository structure is changed, this document should be updated to reflect it.


	/


	Top-level files


	Setup scripts


	Basic documentation


	.github/


	Templates for issues, bugs, and pull requests.






	input_files/


	Sample input configuration files.






	lib/


	Source code of the project.






	scripts/


	Script to run the Astro-Accelerate routines















Coding Conventions

Please adhere to the following where possible. Exceptions to coding conventions should be justified as appropriate.


Naming Conventions


	Methods and functions shall be all lower case, with word seperation with an underscore character e.g. do_something().


	Variable names shall be all lower case.


	File names shall follow this naming convention: aa_<optional: device/host>_<mandatory: name>.<mandatory: cpp/hpp/cu/cuh>.


	Header guards shall follow this naming convention: ASTRO_ACCELERATE_<full_file_name_with_extension>.







Use of Indentation


	Use 2 spaces instead of tab.


	Namespaces shall not be indented







Use of Carriage Return, Line Feed


	Use LF in preference to CRLF









Documentation


	Add Doxygen style comments for each method and each parameter in every header file.


	Where relevant, comments should provide example usage.


	Document the bounds of any parameter


	Document untested use cases/parameters (i.e. where you have not provided an explicit unit test).


	Add comments as appropriate in the .cpp file and non-public headers.







Using CUDA

If CUDA is available and it has been explicitly activated in the build system, then the ENABLE_CUDA flag will be set. Use this flag to ensure code compiles and that code tests are run with CUDA as appropriate.




Build System

The build system uses CMake and is configured in the top-level file CMakeLists.txt.


How to add a new architecture setting

To add a new architecture setting


	Open CMakeLists.txt


	Find the line that says if(ARCH MATCHES ALL|[Aa]ll), and add a new line to append to the list, in the same way as the existing ones: list(APPEND CUDA_NVCC_FLAGS -gencode arch=compute_70,code=sm_70) - then also add it to the comma separated list for ASTRO_ACCELERATE_CUDA_ARCH_VERSION and ASTRO_ACCELERATE_CUDA_SM_VERSION.


	Then, add the setting to a new elseif statement for elseif(ARCH MATCHES X.Y) (where X.Y are integers reflecting the architecture major.minor version being added) in the same way as the existing architecture settings.




The architecture setting is used when running CMake by adding a flag -DCUDA_ARCH="X.Y" (where X.Y are substituted with integers reflecting the architecture major.minor version).




How to add a new unit test

It is good practice that developers and users create and run unit tests as part of regular project development.

To add a unit test:


	From the top-level directory, go into the tests folder.


	Add a new source file with the .cpp extension and give it a sensible name (e.g. test_a_new_feature in this example).


	Write the unit test in the source file.


	Copy one of the .cmake files and rename it to the same name as the source file, keeping the .cmake extension.


	Edit the newly created .cmake file and set the TEST_NAME to the same name as the file name but exclude the .cmake extension.


	Under target_sources, the PRIVATE sources and PUBLIC headers can be edited as per the existing examples.


	The set_tests_properties can be edited as per CMake instructions. Several of the existing examples have a "Runs" string as the PASS_REGULAR_EXPRESSION, which means the test passes if the test executable will print Runs, and fails otherwise. More information about set_tests_properties can be found here [https://cmake.org/cmake/help/v3.0/command/set_tests_properties.html].


	Edit the CMakeLists.txt file located inside the tests directory (tests/CMakeLists.txt) and include the newly created .cmake file include(tests/test_a_new_feature.cmake)







How to add a new example

AstroAccelerate includes several example codes, which help new users to develop their applications more quickly by learning by example.

To add a new example:


	From the top-level directory, go into the examples/src folder.


	Add a new source file with the .cpp extension and give it a sensible name (e.g. my_example.cpp in this example).


	Write the example code.


	Edit the CMakeLists.txt file located inside the examples directory (examples/CMakeLists.txt) and include the newly created .cpp file as an executable add_executable(my_example src/my_example.cpp) and add AstroAccelerate as the target link library to the executable target_link_libraries(my_example astroaccelerate)







How to add a new field in aa_version.hpp

aa_version.hpp is a file that is automatically generated by the CMake build system from a template file.

From the top-level directory, the template file is located in cmake/version.h.in.

The file can be edited just like any file, and the contents will be copied into the aa_version.hpp when running cmake.

Ordinary text is copied verbatim, whereas a variable (variable names are surrounded by the @ symbol, e.g. @my_variable@) configured via CMake will be substituted by CMake.

CMake knows about the version.h.in file via the line in CMakeLists.txt that says configure_file("${PROJECT_SOURCE_DIR}/cmake/version.h.in" "${PROJECT_SOURCE_DIR}/include/aa_version.hpp").






Testing


How to run unit tests

The compilation of unit tests is enabled/disabled when running CMake by adding a flag -DENABLE_TESTS=ON (to enable unit tests) or -DENABLE_TESTS=OFF (to disable unit tests).

To run all unit tests, write make test, the tests will run and the console will print the test results to the screen, and to a number of log files in the build directory.




How to run examples

When compiling and building via CMake, all example codes are built automatically and their executables will be placed inside a folder called examples which will be inside the build directory.






Developing new components

To indicate the availability of a new component to the user, add it to enum class components in include/aa_pipeline.hpp, and likewise for component_options.

The component must allow configuration via a plan, a strategy, and be implemented in a permitted_pipeline. Finally, the component must be provisioned via aa_config (to read the new settings from an input_file) and aa_pipeline_api so that the permitted_pipeline can be run.


How to add a new plan

Name the class, appending _plan to the file name. Provision the class with a trivial constructor that sets all values to 0 (or similar). Add another constructor that takes the necessary parameters. Ideally, the class only offers getter methods, so that all configuration is done at construction.




How to add a new strategy

Name the class, appending _strategy to the file name.
Provision the class with a trivial constructor that sets all values to 0 (or similar). Also implement a constructor that takes a plan as an input parameter, and sets its values based on the plan object. Remember to adhere to the aa_strategy interface defined in the base class. Ideally, the class only offers getter methods, so that all configuration is done at construction.




How to add a new permitted_pipeline


	Create a new permitted_pipeline from one of the existing templates. Add (templated) constructors like for the existing examples. The constructors should include only the required and strategy objects, and any other settings required for configuration at construction. Remember to adhere to the aa_pipeline_runner interface, so that the class offers the expected functionality for the user. Additional functionality can optionally be added. The permitted_pipeline is responsible for its own cleanup, and the user may not clean up their input data themselves, so plan resource allocation and de-allocation accordingly.


	Once the permitted_pipeline exists, it must be added to the permitted_pipelines in aa_permitted_pipelines.hpp. Do this by adding a new static const aa_pipeline::pipeline declaration (which you implement in aa_permitted_pipelines.cpp), and add a statement that returns true for the is_permitted method.


	In the aa_permitted_pipelines.cpp source file, implement the new pipeline by listing the components that it will run. If the component runs in combination with other components, create additional pipelines for each combination.


	The permitted_pipeline must still be provisioned in aa_pipeline_api.hpp, and any new module components must be added to pipeline::component in aa_pipeline.hpp. This is done via a lookup in the ready() method. The pipeline instance must be created via a std::unique_ptr instance of the same type as the class name of the newly created permitted_pipeline class, and then it must be assigned to m_runner (which will run the pipeline by calling the pipeline’s run method). The lookup itself is well-documented and contains plenty of examples showing how this is implemented for each permitted_pipeline with if and else statements.


	Add bind calls to the aa_pipeline_api class so that a plan object can be bound for this new component. Similarly, add a method to return the strategy object. The existing code shows how to implement this functionality. Ensure that the ready state of the pipeline is falsified whenever a new bind call occurs. Equally, when a valid strategy is obtained, it must be returned.




At this stage, a library user has everything they need to use the component in their own application code. However, it has not yet been provisioned for the standalone code. To do this, the new component must be configurable via an input_file, and any user flags that can be used to configure it must be offered via the aa_config class.


	Add any configuration flags for the component to struct aa_config_flags, and in the get_user_input() method implement that the input_file is checked if the user provided them in the input_file.


	The component must now be added to src/aa_main.cpp which implements the standalone executable functionality. Create a plan object for the new component, passing the flags from the aa_config that read the user input. Surround the bind call by a simple check to see if the plan is required, for example if(pipeline.find(aa_pipeline::component::fdas) != pipeline.end()) - this makes sure the bind call only happens if the user actually requested a particular component.










          

      

      

    

  

    
      
          
            
  
User Manual


Hardware and software support status

AstroAccelerate supported GPU status

| Compute Architecture | Architecture Name | Supported (Y/N) |
|———————-|——————-|—————–|
| 2.0                  | Fermi             | N               |
| 2.1                  | Fermi             | N               |
| 3.0                  | Fermi             | N               |
| 3.2                  | Kepler            | N               |
| 3.5                  | Kepler            | Y               |
| 3.7                  | Kepler            | Y               |
| 5.0                  | Maxwell           | Y               |
| 5.2                  | Maxwell           | Y               |
| 5.3                  | Maxwell           | Y               |
| 6.0                  | Pascal            | Y               |
| 6.1                  | Pascal            | Y               |
| 6.2                  | Pascal            | -               |
| 7.0                  | Volta             | Y               |

AstroAccelerate supported CUDA® SDK status

| SDK Version | Supported (Y/N) |
|————-|—————–|
| 8.0         | Y               |
| 9.0         | Y               |
| 10.0        | N               |

AstroAccelerate supported build system versions


	AstroAccelerate can be compiled via make or via CMake (> 2.6.0) which then generates a Makefile that can be used to create the shared object library and an executable which links against the library.




AstroAccelerate supported compilers


	The compiler for all device code is nvcc [https://docs.nvidia.com/cuda/cuda-compiler-driver-nvcc/index.html].


	For C++, the minimum recommended compiler is indicated on a per version basis.
For more information, please see the NVIDIA CUDA Installation Guide [https://docs.nvidia.com/cuda/cuda-installation-guide-linux/index.html].




AstroAccelerate supported operating systems


	In general, AstroAccelerate can be compiled on any system where the build system and compiler requirements are met.
Only Linux distributions are officially supported at this time.
Please see the NVIDIA CUDA Installation Guide [https://docs.nvidia.com/cuda/cuda-installation-guide-linux/index.html] for information about the operating system support for CUDA.







How to obtain, compile, and run AstroAccelerate

The code can be obtained from the astro-accelerate GitHub repository [https://github.com/AstroAccelerateOrg/astro-accelerate].

git clone git@github.com:AstroAccelerateOrg/astro-accelerate.git





Or

git clone https://github.com/AstroAccelerateOrg/astro-accelerate.git





Then go to into the code directory

cd astro-accelerate/





Please see the README.md in the top-level directory of the repository for further instructions on how to compile and run AstroAccelerate.




How to configure the AstroAccelerate standalone using the input_file

Please see the README.md in the top-level directory of the repository
for instructions on how to obtain, compile, and run AstroAccelerate.




How to use the AstroAccelerate API in your own code

In addition to being able to run as a standalone application, AstroAccelerate also offers an API, enabling it to be used in your own application code by linking against the AstroAccelerate shared object library object (.so) that is generated at compile-time.


Selecting components

The AstroAccelerate API offers the user the option to run a number of combinations of analysis components. The user is free to choose which components are to be run, but the API will validate that the combination is valid, and the API will determine the order in which those components are executed. The API executes the components as a pipeline. The user will therefore mostly interact with the aa_pipeline_api class, and may find it useful to refer to the Doxygen documentation for this class, in addition to the guidance provided here.

A pipeline is nothing more than a collection of components. There are also pipeline_options which consist of component_options which further specify how the components run. The components and component options are documented in aa_pipeline.hpp.

When a user first creates an aa_pipeline_api object, they must provide a pipeline which contain the components the user wishes to run. They must also provide the pipeline_option which contains the component options. In addition, the user must provide an aa_filterbank_metadata object, which contains the information about the time series data from a telescope (such as sampling rate, number of samples, and frequency binning information). Furthermore, a pointer to the raw input data must be provided (for a telescope .fil this can be obtained alongside the metadata by using the aa_sigproc_input class, but the user can also provide their own array data). Lastly, the user must configure a GPU card to run the pipeline on, using the aa_device_info class (which they can use to query the GPUs on the machine).




Configuring the plan and strategy

Once the aa_pipeline_api object is constructed, the user must still bind appropriate plan objects for each of the components they wish to run. There is one plan object for each component. For example, in order to run the analysis component, the user must bind an aa_analysis_plan. The plan contains the user’s desired settings for how to run the component (such as the binning interval, and the dedispersion measure ranges to search for). In reality, user’s settings may be sub-optimal from a performance perspective, so AstroAccelerate will optimise the user’s plan by creating what is called a strategy. The strategy is created from the user’s plan, and is the best compromise between the desired settings and good performance on the GPU. Strategy objects are required in order to run a pipeline, and the user is advised to verify and review the strategy when performing data analysis.

When binding the plan, the API bind call will return a boolean to indicate whether the bind was successful. The strategy can be obtained by calling a method by the component name and _strategy() added to it. For example, the periodicity_strategy() methods returns the currently calculated aa_periodicity_strategy based on the currently bound aa_periodicity_plan that the user provided.

All strategy objects have a ready state associated to them. All strategy objects must have a ready state set to true or else the API will not run the pipeline. The ready state of any strategy can be queried using the object’s ready() method. Furthermore, the aa_pipeline_api’s ready() method will check whether all plan objects were supplied and whether all strategy objects are ready.

The aa_pipeline_api offers a run() method, which will run the pipeline end-to-end.

There is a complete end-to-end example of using the API in include/aa_pipeline_generic.hpp.

There are also C-style wrapper functions (located in include/aa_pipeline_wrapper.hpp) for the include/aa_pipeline_generic.hpp code, which simplify the API interaction even further. An example is located in examples/src/filterbank_dedispersion.cpp.

Alternatively, a more advanced library user may wish to bypass the API, and interact directly with the pipeline classes that execute the components. This comes with more control (such as obtaining the pipeline output iteratively for each processed time chunk). However, this approach contains fewer safety checks than when using the API. The main differences are that the strategy objects are passed directly to the pipeline (bypassing the API), and the user must run the pipeline over all time chunks themselves. A good example code is located in examples/src/periodicity.cpp.




Checking for errors

Boolean return values for functions return true for success or ready, whereas false indicates failure or not ready. It is advisable to check for errors at each step of configuring plan and strategy objects, and the API will help with this as well.






Component inputs and outputs

The inputs and outputs of the each of the components are tabulated below.

| Component       | Description                                                      | Configuration objects                         | plan input / strategy input                                                                                                                                                          | Component output                                                                                                                   |
|————–|——————————————————————|———————————————–|————————————————————————————————————————————————————————————–|———————————————————————————————————————————|
| dedispersion | Performs dedispersion of the input data.                         | aa_ddtr_plan / aa_ddtr_strategy               | plan: dedispersion measure low, high, step, inBin, outBin, enable_msd_baseline_noise.  strategy: aa_ddtr_plan, aa_filterbank_metadata, amount of gpu memory, flag to indicate if analysis will be used or not. | dedispersed time chunk data (std::vector<unsigned short>)                                                                       |
| analysis     | Performs single pulse search (SPS) analysis of dedispersed data. | aa_analysis_plan / aa_analysis_strategy       | plan: aa_ddtr_strategy, sigma_cutoff, sigma_constant, max_boxcar_width_in_sec, candidate_algorithm (flag), enable_msd_baseline_noise (flag).  strategy: aa_analysis_plan.           | analysis_output struct (containing the data, dm_low, and dm_high for the time chunk) - see include/aa_device_analysis.hpp for further details. |
| periodicity  | Performs a periodic peak finding analysis of dedispersed data.   | aa_periodicity_plan / aa_periodicity_strategy | plan: sigma_cutoff, sigma_constant, nHarmonics, export_powers, candidate_algorithm (flag), enable_msd_baseline_noise (flag).  strategy: aa_periodicity_plan.                     | Output saved to disk in bespoke format.                                                                                         |
| fdas         | Fourier Domain Accelerated Search of the dedispersed data.       | aa_fdas_plan / aa_fdas_strategy               | plan: sigma_cutoff, sigma_constant, enable_msd_baseline_noise.  strategy: aa_fdas_plan.                                                                   | Output saved to disk in bespoke format.                                                                                         |
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Introduction

This documentation summarises the content of the Astro-Accelerate software.

Please also refer to the wiki pages [https://github.com/AstroAccelerateOrg/astro-accelerate/blob/master/wiki/home].




Publications

If you use AstroAccelerate, please cite the code using the following DOI

[image: _images/zenodo.1212487.svg]DOI [https://doi.org/10.5281/zenodo.1212487]

Please cite the following journal article


	https://ui.adsabs.harvard.edu/#abs/arXiv:1804.05335


	https://ui.adsabs.harvard.edu/abs/2020ApJS..247…56A/abstract




and the proceedings


	https://arxiv.org/abs/1812.02647


	https://arxiv.org/abs/1711.10855


	https://arxiv.org/abs/1611.09704


	https://arxiv.org/abs/1511.07343







Features

Astro-Accelerate is used for real-time astronomy data processing. Its features include:


	Acceleration Searching


	Zero DM


	RFI Mitigation







Python Interface

After following the steps below, consider using the Python interface.
An example is provided in the python/ folder.
Configurating pipelines using the Python interface is otherwise identical to an input_file (described below).




Software Inputs and Outputs

The software input is a sample data file.
To process the data file, astro-accelerate makes use of a configuration file.
Please see the section Creating An Input Configuration File for instructions on how to create a configuration file to process an input data file.
The software output is dependent on the choice of analysis component that is run.

Checking the Configuration of the Graphics Processing Unit (GPU) and Support for CUDA

In a terminal window, type

nvidia-smi





The output will look similar to the following example

+-----------------------------------------------------------------------------+
| NVIDIA-SMI 375.20                 Driver Version: 375.20                    |
|-------------------------------+----------------------+----------------------+
| GPU  Name        Persistence-M| Bus-Id        Disp.A | Volatile Uncorr. ECC |
| Fan  Temp  Perf  Pwr:Usage/Cap|         Memory-Usage | GPU-Util  Compute M. |
|===============================+======================+======================|
|   0  Tesla P100-PCIE...  On   | 0000:02:00.0     Off |                    0 |
| N/A   32C    P0    26W / 250W |      0MiB / 16308MiB |      0%      Default |
+-------------------------------+----------------------+----------------------+
|   1  Tesla P100-PCIE...  On   | 0000:03:00.0     Off |                    0 |
| N/A   34C    P0    25W / 250W |      0MiB / 16308MiB |      0%      Default |
+-------------------------------+----------------------+----------------------+
                                                                              
+-----------------------------------------------------------------------------+
| Processes:                                                       GPU Memory |
|  GPU       PID  Type  Process name                               Usage      |
|=============================================================================|
|  No running processes found                                                 |
+-----------------------------------------------------------------------------+





If no output is shown, or if an error appears, then it may indicate that a GPU has not been detected,
or that the CUDA toolkit [https://developer.nvidia.com/cuda-zone] is not properly installed.




Selecting the Graphics Processing Unit (GPU) in the case of a system with more than one GPU

If you have a multi-GPU system, you need can select the card by setting it in the input_file. The setting to add to the input_file is

selected_card_id X

where X is a non-negative integer number which corresponds to the ID number of the GPU on your machine.




Software Pre-Requisites

CUDA: CUDA 8.0 (see https://developer.nvidia.com/cuda-downloads)

C/C++ (version): As supported and required by CUDA.

Compiler: As supported by CUDA, but requiring also OpenMP [https://www.openmp.org] support (compiler support can be found here [https://www.openmp.org/resources/openmp-compilers-tools/]).




Creating An Input Configuration File

An example input configuration file is shown below:

range    0    150  0.1  1 1
range    150  300  0.2  1 1
range    300  500  0.25 1 1
range    500  900  0.4  2 2
range    900  1200 0.6  4 4
range    1200 1500 0.8  4 4
range    1500 2000 1.0  4 4
range    2000 3000 2.0  8 8
sigma_cutoff     6
analysis
-acceleration
-periodicity
-output_dmt
-zero_dm
-zero_dm_with_outliers
-rfi
fdas_custom_fft
-fdas_inbin
fdas_norm
debug
file /home/wa78/filterbank/ska-mid-b2.fil`





Features can be turned on or off by adding a character at the beginning of the line (here “-“ is used).




Setting range

range tells the code to dedisperse and has input.

The format for the range parameter is
range dm_low dm_high dm_step downsampling_in_input_time downsampling_in_output_time
where dm_low, dm_high, dm_step, downsampling_in_input_time, and downsampling_in_output_time are to be replaced with suitable numerical values.
For example, a valid input for the range parameter is

range 500  900  0.4  2 2





astro-accelerate will parse this input and dedisperse from a dm of 500 to a dm of 900 in steps of 0.4 (making (900-500)/0.4 dm trials), with input data
downsampled in time by 2 (e.g. 64 uS would be binned into 128 uS samples).




Setting sigma_cutoff

sigma_cutoff is the Signal-to-Noise Ratio (SNR) cutoff for your single pulse search.




Setting analysis

analysis this tells the code to analyse the dedispersed data, outputting data into the output directory. The output data are binary files and so which can be read in gnuplot and python.

For example, you could use python as follows
splot “./57663_22588_B0531+21_000007.fil/global_analysed_frb.dat” binary format=”%float%float%float%float” u 1:2:3 palette




Setting acceleration

acceleration this does a Fourier domain acceleration search on the data.




Setting periodicity

periodicity sets a search for periodic objects.




Setting output_dmt

output_dmt outputs the entire dedispersed data to a file (in ASCII).




Setting zero_dm

zero_dm you can guess




Setting zero_dm_with_outliers

zero_dm_with_outliers is part of the RFI mitigation routine.




Setting rfi

rfi tries to eliminate RFI.
(Astro-Accelerate welcomes developers to supply the team with data that includes RFI, which would be very helpful.)




Setting fdas_custom_fft

fdas_custom_fft runs fourier domain acceleration search with a custom FFT.




Setting fdas_inbin

fdas_inbin performs interbinning on the complex output.




Setting fdas_norm

fdas_norm performs PRESTO block median normalization.

Setting debug
debug this gives detailed output.

Setting file
Please supply the input data file by using the file setting followed by the path to a valid
input data file

file <your input file>





Input data files are by definition assumed to be formatted with 8-bit data.
Please contact Astro-Accelerate if you have input data that is not 8-bits let me know (development for support for this is in progress and we may be able to help).




Installation and Usage (Linux)




Step 1: Download the files

Obtain the Astro-Accelerate code by doing
git clone https://github.com/AstroAccelerateOrg/astro-accelerate




Step 2: Compile

Ensure you have the correct environment and pre-requisites.
Set-up the environment (which will add CUDA to PATH and LD_LIBRARY_PATH)

source setup.sh





setup.sh contains a hardcoded version number and a variable string to identify
whether the system is a 64-bit or 32-bit architecture. The user may need to edit
setup.sh to suit the CUDA version number, library paths, and the architecture number
in order to suit their needs. Users who already have all relevant CUDA paths configured
do not need to source setup.sh.

At this point, the user has a choice, they can either 1.) use the pre-configured Makefile
that comes with the repository by default, or they can 2.) configure the build system
themselves using CMake.

Note that in the case of using CMake, the Makefile that CMake
produces will overwrite the default Makefile if the build is performed
in source.

To run using the default Makefile, simply type

make





To configure the build system using CMake, create a build directory

mkdir build





and then

cd build/





run CMake

cmake ../





The CUDA architecture can be specified with the -DCUDA_ARCH flag. For example, for architecture 7.0, do

cmake -DCUDA_ARCH="7.0" ../





The software can then be compiled using the generated Makefile. To do so, simply type

make





In both cases, the compilation process indicates which components are being compiled.
The result is an executable called

astro-accelerate





in the directory from which the build was performed.
In the case of using the default Makefile,
the library is compiled as a static library called

libastroaccelerate.a





against which the executable is linked.
In the case of using CMake to configure the build system, the library is compiled
as a shared object library called

libastroaccelerate.so





against which the executable is linked.
In both cases, the library file will be located in the astro-accelerate build directory.

The user or developer may also with to run unit tests as part of the build. In this case, CMake should first be run with -DENABLE_TESTS=ON (the default is OFF) in order to enable the compilation of the tests, as follows

cmake -DCUDA_ARCH="7.0" -DENABLE_TESTS=ON ../





The tests can then be run as follows

make test





The test results will be printed to the console.
The test executables are located in a separate folder in the build directory and are separate from the main standalone executable, they do not form a part of the compiled library or standalone astro-accelerate executable.




Step 3: Run

Astro-Accelerate assumes its input is ready and compatible. To obtain compatible input, please follow the steps below. Please also ensure that the aforementioned environment variables have been set.


	Run astro-accelerate using the format

 ./astro-accelerate /path/to/input_file.txt









By default, the output of astro-accelerate will be located in the same directory in which astro-accelerate was executed.
Configuration files may be used to further specify, set, and change options.
By default, the astro-accelerate executable looks for a configuration file in the same directory as the executable.
A configuration file is required in order to run astro-accelerate.
A number of example configuration files are included in the repository.




Step 4: Results

To print results from the analysis and periodicity modules using gnuplot, use the following command

splot "../path/to/output_file.dat" binary format="%f%f%f%f" u 1:2:3 palette





which will plot the raw output data as saved to disk.




Optimisations and Tuning

Astro-Accelerate comes with the facility to tune the software to the input that the user provides.


	To do this, cd to the scripts directory.
Modify profiling.sh, changing the line that says

 ./astro-accelerate.sh ../input_files/ska_tune.txt





to

 ./astro-accelerate.sh ../input_files/<your input file>





where <your input file> must be replaced by the input configuration file.



	The next step is to run the profiler tool that is provided in the repository

 ./profiling.sh





This will create an optimised code for your search and GPU type.



	Then, astro-accelerate can be run as usual by doing

 ./astro-accelerate.sh ../input_files/<your input file>





where <your input file> must be replaced by the path to the input configuration file as specified in the previous step.








Further Documentation

More detailed information can be found on the Wiki page of the repository [https://github.com/AstroAccelerateOrg/astro-accelerate/wiki] and the Astro-Accelerate webpage [http://www.oerc.ox.ac.uk/projects/astroaccelerate].




Using Astro-Accelerate as a library

Astro-accelerate can be compiled and linked against as a library. A good demonstration of the user interface is provided in main.cpp. For more advanced use cases, a good example boilerplate code is provided in aa_pipeline_generic.cpp.

The user interface is centred around the user requesting a series of components that the library will compute as a pipeline. The ordering of the pipeline components is determined by the library, however the user may create a series of pipelines to create their own custom ordering.

Return types are provided as a boolean to indicate whether a method was successful or not. When a method in the pipeline configuration process returns false, the pipeline will not run, and the user should revisit their settings.

When a method returns an object, then if the library cannot create a valid object, it will return an empty or trivial object. When an empty or trivial object is passed to the library at a later point, the relevant method will return false, or provide another empty or trivial object. Such a scenario prevents the astro-accelerate pipeline from running, in which case the user should revisit their settings.

The user can read .fil files or provide a std::vector<unsigned short> or a raw pointer of type unsigned short, but must in either case provide a valid aa_filterbank_metadata object that matches a filterbank data file (sigproc format).

User-side


	Select components (dedispersion, rfi, zero_dm, threshold,…).


	Provide settings for the components (plan, strategy).


	Run the pipeline (run).




Library-Side


	Astro accelerate decides on the strategy and the component ordering.


	Data remain inside the pipeline until the end of the pipeline.


	Validate the user settings beforehand.


	All components adhere to the same programming idiom (plan, validate, strategy, validate, run).







Contact and Support

If you notice any errors or have suggestions,
please contact someone on the astro-accelerate team,
or file an issue or bug report on the repository.




Disclaimers and Licensing

A number of code files may be covered by different licences.
Please refer to these seperately.
Please also refer to the Astro-Accelerate licence file provided.

Copyright © 2018 Astro-Accelerate. All rights reserved.
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name: Pull Request
about: Create a pull request to help us improve



Description of pull request

Interfaces
Will this pull request result in a backwards-incompatible interface change:

Expected semantic version number increment category (Please indicate x.y.z):

Issues this pull request solves

New tag of master

New deployment

Keep branch after merging

Notes
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name: Bug Report
about: Create a report to help us improve



Issue Summary

Steps to Reproduce

Expected Outcome

Actual Outcome

Configuration

Notes
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name: Feature Request
about: Make a feature request to help us improve



Description

Outcome

Timeline

Interfaces
Will this feature result in a backwards-incompatible interface change:

Expected semantic version number increment category (Please indicate x.y.z):

Notes
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name: Performance Optimisation
about: Suggest optimisation which would lead to better performance of the code



Affected feature

Description of the optimisation

Why it should be better

Interfaces
Will this feature result in a backwards-incompatible interface change:

Expected semantic version number increment category (Please indicate x.y.z):

Notes
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32-bit Implementation

The code now reads 32 bit filterbank files. Because a significant re-write of the code would be needed to implement true 32 bit functionality we have produced a routine to scale the data to 16 bits.
The data in the files are re-scaled to an unsigned short (16 bit value between 0 and 65535). This is achieved by…


	Finding the maximum and minimum values in the input 32 bit filterbank files.


	Next a binning value is calculated according to bin = (max - min) / 65535


	Filterbank data are then read from the file and stored as an unsigned short using the following conversion:
16 bit value = (32 bit value - minimum) / bin





Results

The following images show a comparison of two filterbank files created using sigproc fake.
The only difference is one is 32 bit, the other 16 bit.

[image: ../_images/one.png]
[image: ../_images/two.png]
[image: ../_images/three.png]
[image: ../_images/four.png]
[image: ../_images/five.png]

It’s likely that the 32 bit values have slightly higher SNR recovery (approximately 10%) because they are re-scaled to the full range of the unsigned short (0 - 65535) and the 16 bit interbank is not using the full range. But this hasn’t been verified.
For data that has true 32 bit fidelity we would expect a decrease in recovered SNR using this method as opposed to processing the data in its native 32 bits.







          

      

      

    

  

  
    
    Calculation of mean and standard deviation
    

    
 
  

    
      
          
            
  
Calculation of mean and standard deviation

Calculation of mean and standard deviation (Stdev) is used in many places within AstroAccelerate (single pulse search, acceleration search, periodicity search). For our GPU implementation of standard deviation we have used a streaming algorithm by T. F. Chan 1983 which is using pair-wise summation for better numerical stability. We have also implemented optional point-wise outlier rejection which attempts to find true value of standard deviation of the underlying background noise or base level noise by removing points which are above used given multiple of standard deviation n. You can switch outlier rejection on by enabling baselinenoise in input text file, value of n is given by sigma_constant parameter also in input text file.

For single pulse search module we also require values of mean and standard deviation for time-series after we apply a boxcar filter (running sum) of given length. Since calculation of standard deviation for every boxcar length used in single pulse search is expensive, we only calculate values of standard deviation for time-series decimated in time (DIT), i.e. we calculate standard deviation only for boxcar filter of width equal to a powers of two. We then interpolate values of standard deviation for all required boxcar widths.

[image: ../_images/e0992e16cff89936afb589c4b4afae0f0a26a2d8.jpg]

Calculated values of Stdev and its approximation for data generated by fake.
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Dedispersion kernel parameter optimisation

It is possible to run the dedispersion step of AstroAccelerate using optimised values for each dedispersion measure (DM) range used, for the following parameters:


	SDIVINT - number of timesteps per block


	SDIVINDM - number of dedispersion measures per block


	UNROLLS


	SNUMREG




However, this was generally not found to be worthwhile due to adding complexity to the code for very small gains in performance.

The optimised values are found by adjusting the dedispersion step to work only on one DM range at a time and record the speedup, then running the program multiple times for each range with a different set of parameters each time until the best speedup for each DM range is found.




Results


Parameter values

The effectiveness of using optimised kernel parameters was tested on the b2 band and the low frequency band, which use the following set of dedispersion ranges:

b2 band:  
range     0    150  0.1  1 1  
range     150  300  0.2  1 1  
range     300  500  0.25 1 1   
range     500  900  0.4  2 2  
range     900  1200 0.6  4 4  
range     1200 1500 0.8  4 4  
range     1500 2000 1.0  4 4  
range     2000 3000 2.0  8 8  

low frequency band:  
range 0	  	 10.24	0.01 1 1  
range 10.24		 50.56	0.01 2 2  
range 50.56		 101.12	0.02 4 4  
range 101.12	 202.24	0.04 8 8  





The optimal parameters found for each band are shown below:

[image: ../_images/params.png]

Optimised parameters for the B2 band. Black: Generic parameters, found by optimising over total speedup factor when all DM ranges are processed with the same parameters. Other: Optimised parameters for ranges 0-8.

[image: ../_images/low_params.png]

Optimised parameters for the low frequency band. Black: Generic parameters, found by optimising over total speedup factor when all DM ranges are processed with the same parameters. Other: Optimised parameters for ranges 0-3.




Performance

The final speedup gained by using different optimised parameters for each DM ranges as opposed to the same parameters for all ranges was modest. As such, it is not recommended unless the code will be running unchanged on the same system for a long period of time. For the b2 band, the final speedup factor averaged over 5 trials was 6.28 with DM range specific optimisation vs 5.98 for generic parameters, an improvement in dpeedup factor of 5%. This speedup factor includes time spent allocating global GPU memory and copying data to the GPU at the beginning of every time chunk. It was thought that the effect of individual kernel optimisation may be more pronounced for lower frequencies, where different DM ranges vary more significantly in aspect ratio. However, the results for this band were similar to the B2 band, with a speedup factor of 5.08 with DM range specific optimisation vs 4.75 for generic parameters, an again small improvement of 7.1%.
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Fourier Domain Acceleration Search




Tests included in the AstroAccelerate FDAS code

There are two tests included with FDAS code. First test verifies the convolution code and second test aims to check whole FDAS algorithm. To perform these test ‘acceleration’ flag must be switched on in input text file and appropriate parameter must be #defined in include/aa_params.hpp. Some basic parameters of these test could be changed in include/aa_fdas_test_parameters.hpp.


Convolution code test

The convolution test consists from a signal which replaces data otherwise produced by the de-dispersion algorithm with a simple test signal which consists from number of top-hat signals of different width and saw-tooth wave. This signal is written into a file ‘acc_conv_test_input_signal.dat’. The aim of this test is to verify that convolution result produced by our implementation of overlap-and-save is correctly producing continuous linear convolution. This test signal is then convolved with series of top-hat filters of increasing width. Result of this test is then exported into the file ‘acc_fdas_conv_test.dat’. After exporting this file, code will exit. No data from filterbank file are processed. To enable this test a parameter FDAS_CONV_TEST must be #defined in ‘include/aa_param.hpp’. Parameters of this test are FDAS_TEST_FILTER_INCREMENT which controls how width of the top-hat filters grow with given template index and FDAS_TEST_TOOTH_LENGTH which controls width of tooths in saw-tooth wave (both parameters defined in ‘include/aa_fdas_test_parameters.hpp’). Output of this test is shown in the figure below.

[image: ../_images/simple_convolution_test.png]
[image: ../_images/tophat_signal.png]

This could be plotted using gnuplot:


	set xrange[49.5:50.5]


	set yrange[0:30000]


	splot 'acc_fdas_conv_test.dat' using 1:2:3 palette







Accelerated sinusoid signal

To test the whole FDAS algorithm we generate accelerated sinusoid signal according to

[image: ../_images/f1.png]

[image: ../_images/f2.png]

[image: ../_images/f3.png]

[image: ../_images/f4.png]

Where t is time, a is pulsar acceleration, a is speed of light, T is observation length, f is pulsar period, d is pulsar duty cycle, H is number harmonics, A is amplitude and Z is acceleration template. Parameters which could be changed in the ‘include/aa_fdas_test_parameters.hpp’ are listed together with default value here:


	f: FDAS_TEST_FREQUENCY 105.0


	Z: FDAS_TEST_ZVALUE 6


	H: FDAS_TEST_HAMONICS 4


	d: FDAS_TEST_DUTY_CYCLE 1.0


	A: FDAS_TEST_SIGNAL_AMPLITUDE 1.0




Output of this test has the same format as normal FDAS algorithm output. Again code will exit after exporting result of the test into the file. To enable this test a parameter FDAS_ACC_SIG_TEST must be #defined in ‘include/aa_param.hpp’. Output of this test is shown in the figure below.

[image: ../_images/acceleration_test_plane.png]
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Welcome to AstroAccelerate!
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Introduction

AstroAccelerate is a many core accelerated software package for processing time domain radio-astronomy data. In our git repo you will find:


	A standalone code that can be used to process filterbank data.


	A library that can be used to enable GPU accelerated single pulse processing (SPS) or Fourier Domain Acceleration Searching (FDAS).





Time domain radio-astronomy

Pulsars are fast-spinning neutron stars which emit radio beams along their magnetic axis. Since they are rotating, the radio emissions - or pulses - are observed periodically from earth. On a large timescale these pulses are very precise, as such pulsars can be thought of as “cosmic clocks”. The physics of pulsars is extreme: gravity, density and magnetic fields and so can’t be reproduced in a laboratory. Therefore, study of pulsars can help physicists to gain new knowledge of the universe.




AstroAccelerate

AstroAccelerate is a GPU-enabled software package that focuses on enabling real-time processing of time-domain radio-astronomy data. It uses the CUDA programming language for NVIDIA GPUs.The massive computational power of modern day GPUs allows the code to perform algorithms such as dedispersion, single pulse searching and Fourier Domain Acceleration Searching in real-time on very large data-sets which are comparable to those which will be produced by next generation radio-telescopes such as the SKA.
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Past and present contributors to AstroAccelerate

University of Oxford

Oxford eResearch Centre:Karel AdámekSofia DimoudiNassim OuannoughiAnia BrownWes Armour

Physics Department:Aris KastergiouChristopher WilliamsGriffin FosterJayanth Chennamangalam

Maths Department:Mike Giles

Silesian University in OpavaJan Novotný

ZenotechJames Sharpe

University of BristolDan CurranSimon McIntosh Smith

Max Planck Institute for Radio AstronomyEwan Barr

University of ManchesterBen StappersMitch MickaligerPrabu ThiagarajJayanta Roy





          

      

      

    

  

  
    
    Basic RFI Mitigation
    

    
 
  

    
      
          
            
  
Basic RFI Mitigation

AstroAccelerate has some basic routines that can be used to remove RFI.There is a standard zero-dm option which is enabled using the keyword “zero_dm” in the input file.There is an option to perform zero-dm with outlier rejection “zero_dm_with_outliers”.There is an option to perform outlier rejection on individual channels “rfi”.


Results

The following gif shows images of data collected on the Lovell telescope1 processed using AstroAccelerate.

Image Left:   No RFI mitigation.Image Center: Old RFI AstroAccelerate Algorithms.Image Right:  New algorithms using a moving average (enabled with both “zero_dm_with_outliers” and “rfi” keywords).

[image: ../_images/out_ani.gif]

1 With great thanks to Mitch Mickaliger and Ben Stappers for finding test data for us to use.
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Single Pulse Search

Single pulse search consists from several stages, currently these are: calculation of standard deviation, SPDT and peak-finding. The description of how is mean and standard deviation calculated by AA is here.

We have implemented single pulse search algorithm which is rely on combination of boxcar filters of different widths and decimation of time-domain data in time. The algorithm we have used is configurable and could be adjusted to for speed or sensitivity. Sensitivity for currently used configuration is shown below. The figure shows two limits for the algorithm: R-SNRmax is best possible SNR recovered; R-SNRmin worst possible SNR recovered.

[image: ../_images/19d82514a6e9ed02963e1d0f3838158901e56f16.jpg]


Results

Results for signals generated by sigproc fake with different periods, DMs and widths are shown below.

[image: ../_images/SPDT_P70_DM70_W43_SNR8.jpg]
Periodic with P=70ms, DM=70, initial SNR=8 and width w=43,75 samples (4% duty cycle) as detected by AA. Top right: detected pulses DM/time[s]; Top left: detected pulse width DM/width[samples]; Bottom right: time[s]/R-SNR; Bottom left: individual pulses DM/time/SNR;

[image: ../_images/SPDT_P70_DM2100_W43_SNR8.jpg]
Periodic with P=70ms, DM=2100, initial SNR=8 and width w=43,75 samples (4% duty cycle) as detected by AA. Top right: detected pulses DM/time[s]; Top left: detected pulse width DM/width[samples]; Bottom right: time[s]/R-SNR; Bottom left: individual pulses DM/time/SNR;

[image: https://github.com/AstroAccelerateOrg/images/blob/master/wiki/figures/SPDT_Wvar.jpg]
Reported pulse width for different signals at DM=90 with initial SNR=8. Top left: w=100samples; Top right: w=200 samples; Bottom right: w=400 samples; Bottom left: w=800 samples.

[image: ../_images/SPDT_P100_DM50_W62_SNRvar.jpg]
Detection of periodic signals with different initial SNR (DM=50; P=100ms). Top left: SNR=8; Top right: SNR=4; Bottom right: SNR=2; Bottom left: SNR=1.
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Input File

To run AstroAccelerate you must supply it with an input file that describes what you would like the code to do. This can contain a de-dispersion range, whether or not to mitigate for RFI, to zero-dm, to perform a single pulse search, output peaks in the processed data, perform a periodicity or Fourier domain acceleration search.

To run the code with your input go to the “scripts” directory and then type:

./astroaccelerate.sh ../input_files/your input file


Example

An example input file might look something like:

range	   0    150  0.1  1 1range	   150  300  0.2  1 1range	   300  500  0.25 1 1range	   500  900  0.4  2 2range	   900  1200 0.6  4 4range	   1200 1500 0.8  4 4range	   1500 2000 1.0  4 4range	   2000 3000 2.0  8 8sigma_cutoff	6sigma_constant  3.0max_boxcar_width_in_sec 0.5periodicity_sigma_cutoff 20periodicity_harmonics 32analysis-acceleration-output_ffdot_plan-output_fdas_list-periodicity-output_dmt-zero_dm-zero_dm_with_outliers-rfi-threshold-baselinenoise-fdas_custom_fft-fdas_inbin-fdas_normdebug-analysis_debug-failsafefile ~/filterbank/ska-mid-b2.fil

The minus “-“ in front of a keyword tells AstroAccelerate to ignore that input.

Lets look at the keywords and their arguments one by one.

range tells the code to de-disperse and has input

range dm_low dm_high dm_step downsampling_in_input_time downsampling_in_output_time

so…

range 500  900  0.4  2 2

tells the code to de-disperse from a dm of 500 to a dm of 900 in steps of 0.4 (making (900-500)/0.4 dm trials) with input data downsampled (in time by 2, so 64uS would be binned into 128uS samples).

sigma_cutoff is the SNR cutoff for your single pulse search.

sigma_constant is multiple of standard deviation which is used for outlier rejection

max_boxcar_width_in_sec tells the single pulse search code what the maximum width (in seconds) of single pulses to search for.

periodicity_sigma_cutoff is the SNR cutoff used in your search for periodic objects. Applies only when periodicity is enabled.

periodicity_harmonics in the number of harmonics used in harmonic summing.

analysis tells the code to analyse the de-dispersed data outputting data into the output directory, these are binary files and so can be read in gnuplot (for example, you could use python etc) using:
splot “./57663_22588_B0531+21_000007.fil/global_analysed_frb.dat” binary format=”%float%float%float%float” u 1:2:3 palette

acceleration tells the code to perform a Fourier domain acceleration search on the data.

output_ffdot_plan tells the code to output the whole f f-dot plane from the FDAS search.

output_fdas_list tells the code to output just the peaks found in the f f-dot plane.

periodicity looks for periodic objects.

output_dmt outputs the entire de-dispersed data to a file (in ASCII).

zero_dm you can guess.

zero_dm_with_outliers this is part of the rfi mitigation routine and aims to remove RFI in spectra.

rfi again this tries to eliminate RFI in channels.

threshold This outputs a thresholded de-dispersed plane (AstroAccelerate normally outputs peaks only).

baselinenoise enables outlier rejection during calculation of mean and standard deviation.

fdas_custom_fft Uses our fastest shared memory based FDAS search.

fdas_inbin Performs some interbinning out the output of FDAS.

fdas_norm De-reds the input to FDAS.

debug Outputs detailed information about the code and processing steps.

analysis_debug Uses a CPU code to perform analysis, this is used to debug our GPU code.

failsafe Puts the code in failsafe mode. This turns off optimizations but ensures you get a result.

file _images/SPDT_P70_DM2100_W43_SNR8.jpg
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