

    
      
          
            
  
writers-workshop

the quansight writers workshop is an enrichment program focused on the creative side of writing literate programs.


projects







Syllabus

the syllabus is a living thing that will change over time. the current version is available at [.github/readme.md]
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What is array?

This blog post is motivated from a question what is a 0-dimensional array, it’s relation to array values, and how to represent such arrays in a programming language. Here the answer will be given only to the first parts of the question (sorry..).

While almost all programming languages implement multidimensional array objects and various operations on these, implementing indexing operations
that result in an array object with reduced dimensionality require handling the degenerate case where the resulting dimensionality is 0: should the result
be a 0-dimensional array object (of array type) or should the result be an array value object (of value type, e.g. scalar type)?
This question has been discussed a lot but there appears to be no definite answer. I think one reason for this originates from “practicality beats purity”
based decisions that array implementations are often based on.

In this blog post I’ll deliberetly distance the discussion from implementation details and try to answer the question what
is an array in general. I hope that it will support the discussions on the implementation details as well.


Array definition

Let me define:


An array is a collection of values that can be referenced.




and discuss this as follows.

Array, as a collection, is different from other collections, such as sets or lists, in two aspects:


	all array values have the same type


	array values are referenced




The type of an array values does not necessarily need to be a scalar type. The values could be anything, including arrays, as long as they have the same type.
This property allows various optimizations at the implementation level, for instance, the common value type information can be stored as an array
metadata instead of storing the type information together with each value.

The “referencing of values” means that one can perform array manipulations with references to values rather than with values directly.
For instance, to take a slice of an array (that is a specific subset of array) one can avoid (possibly expensive) retrieval of the array
values from storage, and instead, one can just restrict the manipulations on the set of references (e.g. via strides manipulations).

In general, a reference to an array value can be any object that represents a unique label (within the given array definition) that is attached to
each array value. Hence, array is a bijective mapping from a set of references to a set of array values. (Replacing the adjective “bijective” with “surjective”
would apply to sparse array storage formats that use the so-called fill-value which is a value that that most array values are equal to.)


An empty array is an array with no values.







Multi-dimensional array


A multi-dimensional array is an array that reference set is a set of tuples with the same length, called dimensionality of the array.




From this definition follows:


a 0-dimensional array is a non-empty array that reference set consists of a single element: a zero-length tuple.




and


the set of 0-dimensional arrays is isomorphic to a set of array values.




That’s it.




Bonus part


Multi-dimensional array with integer indices

Restricting the set of references to tuples of (a compact set of) integers, called indices, allows many optimizations. For instance, one does not need to store the reference set when the array values are stored in memory contiguously: for a given tuple of integers one can compute the location of array value in memory storage very efficiently; and vice-versa, given the location of the array value in memory, one can compute the corresponding index as efficiently. In addition,
the operation of slicing an array boils down to an operation on shape/strides only.
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Running pytest in notebooks

Notebooks are an awesome way to tell stories about code. But sometimes the story that you want to tell is not about the code itself, but rather about the tools handling it. One such example is trying to showcase the popular test framework pytest [https://pytest.org] pr possibly a plugin that you wrote for it. Fortunately, the Python community got you covered:

In this notebook we take a quick look at ipytest [https://github.com/chmp/ipytest] and how it is used. It is hosted on PyPI [https://pypi.org/project/ipytest/] so installing it is as easy as pip install’ing it:



%%capture

!pip install ipytest









Within each notebook, there is only a minimal setup. ipytest.autoconfig() [https://github.com/chmp/ipytest#ipytestautoconfig] sets some sensible defaults, but each parameter can also be overwritten. Alternatively, you can use iyptest.config() [https://github.com/chmp/ipytest#ipytestconfig] to start with an empty configuration if most of the defaults do not fit your use case.



import ipytest
ipytest.autoconfig()









Afterwards, we have access to the run_pytest [https://github.com/chmp/ipytest#run_pytest-] cell-magic [https://ipython.readthedocs.io/en/stable/interactive/magics.html#cell-magics], which lets us run pytest and reports back the results:



%%run_pytest[clean]

class TestFoo:
    def test_foo(self):
        assert True
        
def test_baz():
        assert "baz" == "bar"








.F                                                                       [100%]
=================================== FAILURES ===================================
___________________________________ test_baz ___________________________________

    def test_baz():
>           assert "baz" == "bar"
E           AssertionError: assert 'baz' == 'bar'
E             - bar
E             + baz

<ipython-input-3-4d838d46c768>:6: AssertionError
=========================== short test summary info ============================
FAILED tmpth9tsj87.py::test_baz - AssertionError: assert 'baz' == 'bar'
1 failed, 1 passed in 0.04s









You may have noticed the additional [clean] [https://github.com/chmp/ipytest#run_pytestclean-] option. If this is omitted, run_pytest will also pick up all previously defined tests:



%%run_pytest

import pytest


@pytest.mark.skip
def test_spam():
    pass








.Fs                                                                      [100%]
=================================== FAILURES ===================================
___________________________________ test_baz ___________________________________

    def test_baz():
>           assert "baz" == "bar"
E           AssertionError: assert 'baz' == 'bar'
E             - bar
E             + baz

<ipython-input-3-4d838d46c768>:6: AssertionError
=========================== short test summary info ============================
FAILED tmpckwh1zed.py::test_baz - AssertionError: assert 'baz' == 'bar'
1 failed, 1 passed, 1 skipped in 0.01s









All additional arguments passed to run_pytest will be directly passed to pytest:



%%run_pytest --collect-only

pass








tmp17d6l386.py::TestFoo::test_foo
tmp17d6l386.py::test_baz
tmp17d6l386.py::test_spam

3 tests collected in 0.00s









With the addopts parameter you can configure ipytest to add some pytest flags to all calls of run_pytest:



ipytest.autoconfig(addopts=("--quiet", "--collect-only"))











%%run_pytest

pass








tmp0ctpkc2i.py::TestFoo::test_foo
tmp0ctpkc2i.py::test_baz
tmp0ctpkc2i.py::test_spam

3 tests collected in 0.00s









If you have a pytest configuration file, you can use addopts to register it with the -c flag [https://docs.pytest.org/en/6.2.x/reference.html#command-line-flags]:



ipytest.autoconfig(addopts=("-c", "pytest.ini"))









There are many more options that we didn’t cover here, so make sure to checkout ipytest’s README [https://github.com/chmp/ipytest#readme].
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The content for this Markdown document is copied from
template.tex [http://persweb.wabash.edu/facstaff/turnerw/Writing/LaTeX/]
and processed with
watch_latex_md.py [https://github.com/Quansight/pearu-sandbox/latex_in_markdown/]
script.
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Writer’s Workshop #3- This Little Piggy…

The written Japanese language has three different ‘scripts’.
[image: image.png]
Usually kanji doens’t have any pronounciation- you are expected to know what it means and how it’s prounouced.

However, for children or new language learners, prounciation aid can help a lot.

There is a HTML markup to add these pronounciation aids. It is called ‘ruby’ (confusingly enough, no, it’s not the programming language Ruby).

Let’s try ‘ruby’ out.

First, we need to import HTML and display it, since JupyterLab uses Python.



from IPython.core.display import display, HTML









Next, let’s display some kanji



display(HTML('<h1>焼きそば</h1>'))








焼きそば





As you can see, the first character is kanji, and the other three are hiragana. If I can only read hiragana, I have no idea what the full word means. :(

So for me, I can read ‘something-ki-so-ba’

If someone were to add prounciation aid by ‘ruby’ HTML markup, I can read the full word.



display(HTML('<h1><ruby>焼きそば <rp>（</rp><rt>やきそば </rt><rp>）</rp></ruby></h1>'))








焼きそば （やきそば ）





Oh! The word is… ya-ki-so-ba!! Delicious!
[image: image.png]

Now’s let’s play around with ‘ruby’ for other uses! Let’s try using English text!



display(HTML('<h1><ruby>焼きそば <rp>（</rp><rt>abcdfg </rt><rp>）</rp></ruby></h1>'))

display(HTML('<h1><ruby>This little piggy went to the market! <rp>（</rp><rt>やきそば </rt><rp>）</rp></ruby></h1>'))








焼きそば （abcdfg ）

This little piggy went to the market! （やきそば ）





Now, what if we changed it to emoji, the next frontiner language?



display(HTML('<h1><ruby>This little piggy went to the market! <rp>（</rp><rt>や🐖そば </rt><rp>）</rp></ruby></h1>'))








This little piggy went to the market! （や🐖そば ）





Yay! Let’s continue and finish the nursery rhyme!



display(HTML('<h1><ruby>This little piggy went to the market! <rp>（</rp><rt>🛒🐖💨🏪 </rt><rp>）</rp></ruby></h1>'))








This little piggy went to the market! （🛒🐖💨🏪 ）







display(HTML('<h1><ruby>This little piggy stayed home, <rp>（</rp><rt>🐖💤🏠 </rt><rp>）</rp></ruby></h1>'))








This little piggy stayed home, （🐖💤🏠 ）







display(HTML('<h1><ruby>This little piggy had roast beef, <rp>（</rp><rt>❗🐄🔫🐖 </rt><rp>）</rp></ruby></h1>'))








This little piggy had roast beef, （❗🐄🔫🐖 ）







display(HTML('<h1><ruby>This little piggy had none. <rp>（</rp><rt>🥩🍴🐖❓🐖 </rt><rp>）</rp></ruby></h1>'))








This little piggy had none. （🥩🍴🐖❓🐖 ）







display(HTML('<h1><ruby>This little piggy went ... <rp>（</rp><rt>🐖 </rt><rp>）</rp></ruby></h1>'))








This little piggy went ... （🐖 ）







display(HTML('<h1><ruby>Wee, wee, wee, <rp>（</rp><rt>🐖💨💨🍃 </rt><rp>）</rp></ruby></h1>'))








Wee, wee, wee, （🐖💨💨🍃 ）







display(HTML('<h1><ruby>all the way home! <rp>（</rp><rt>🏠❤️🐖 </rt><rp>）</rp></ruby></h1>'))








all the way home! （🏠❤️🐖 ）





Thank you piggies and thank you for reading!
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developer notes

the documentation is build with jupyter book and sphinx


run in an isolated environment

this option requires nox for session management.


build the html docs

!nox -s docs








build the pdf docs

!nox -s docs -- pdf










running tasks in your environment

nox runs doit, doit manages files tasks, and you can use it directly.

list the tasks available.

!doit list





Build the html content

!doit html
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github practices for the workshops

we’ve provided some github templates for issues [https://github.com/Quansight/writers-workshop/issues] and pull requests [https://github.com/Quansight/writers-workshop/pulls] that should help contribute to the workshop.
please submit a new template if you think one is missing.


	github [https://github.com/Quansight/writers-workshop]


	nbviewer [https://nbviewer.jupyter.org/github/Quansight/writers-workshop/tree/main/]


	binder [https://mybinder.org/v2/gh/Quansight/writers-workshop/HEAD?urlpath=lab]





how discussions [https://github.com/Quansight/writers-workshop/discussions] work

we use discussions [https://github.com/Quansight/writers-workshop/discussions] for open ended issues that don’t close, for example classes and discussions




how submitting issues works [https://github.com/Quansight/writers-workshop/issues]

we use issues [https://github.com/Quansight/writers-workshop/issues] for tasks that can be triaged and resolved eventually, (eg new ideas, publishing improvments, submitting a document)




how publishing works

we aren’t saying everything passes, we have standards!


	🥚 the issue is triaged by an editor within the first 24 business hours


	📛 issue is tagged


	🧐 reviewers manual assigned





	⏲️ countdown begins  7️⃣5️⃣3️⃣1️⃣


	❓ reviewers assign themselves


	🤔 review required


	♻️ restart countdown






	🏁 no review required after 7️⃣5️⃣3️⃣1️⃣ days


	🏆  close and accept





	🟢 tests pass


	🌝 there are sufficient reviews, or reactions
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issue templates
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describe the topic you’d like to read about


“i’d like to read about using pandas to explore data.”





please share some relevent links that you have looked prior to submitting this idea.


	
https://pandas.pydata.org/











please name some modules you would like to see used together

pandas, requests, requests_cache
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  use this template if you are inexperienced in adding work to the writers-workshop, otherwise we prefer you submit new content by making a [pull request].


🐦 describe the topic you wrote about in tweet form using #@ for attribution


i just published a program about an example that is fun because examples are fun. thanks to @example for the ✏️. #example





🔗 share links that are derived from this work (eg nbviewer, binder, github)


	https://github.com/


	https://gist.github.com/


	https://nbviewer.jupyter.org







🧑‍🤝‍🧑 please share links from other resources revelent to your work.


	https://example.com/content







🛠️ please name some modules projects or tools used in this work

pandas, requests, requests_cache








😄 tell us why you liked creating this work.


this work was fun because i always wanted to work with example, and i didn’t know example generates examples.





⛔ i liked this work because it addresses an 💡 idea from the issues.

addresses #-1






Stages


	[ ] 🐦 confirm the tweet content


	[ ] ☑️ assign reviewers to triage, and comment on the document


	[ ] ✏️ make changes from the triage review






	[ ] make a pr


	[ ] 🤔 request changes


	[ ] ✏️ address changes until no review is required






	[ ] ⛔🚀 pull requested accepted and closed
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pull request templates
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  if you are unsure about how to submit content through a pull requests, please create an issue instead [https://github.com/Quansight/writers-workshop/issues/new?template=work.md].


describe the topic you wrote about in tweet form using #@ for attribution


i just published a program about an example that is fun because examples are fun. thanks to @example for the ✏️. #example





share links that are derived from this work (eg nbviewer, binder, github)


	https://github.com/


	https://gist.github.com/


	https://nbviewer.jupyter.org







please share links from other resources revelent to your work.


	https://example.com/content







please name some modules projects or tools used in this work

pandas, requests, requests_cache








tell us why you liked creating this work.


this work was fun because i always wanted to work with example, and i didn’t know example generates examples.





i liked this work because it addresses an 💡 idea from the issues.

addresses #-1






Stages


	[ ] 🐦 confirm the tweet content


	[ ] ☑️ assign reviewers to triage, and comment on the document


	[ ] ✏️ make changes from the triage review






	[ ] 🤔 request changes


	[ ] ✏️ address changes until no review is required






	[ ] 🚀 pull requested accepted and closed
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writers-workshop

the quansight writers workshop is an enrichment program focused on the creative side of writing literate programs.


Syllabus

the syllabus is a living thing that will change over time. the current version is available at [.github/readme.md]
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CI


Appveyor for MSVC builds

Follow steps 1-4 in https://www.appveyor.com/docs/:
Sign in to appveyor using Github account, find your github project and add, start New Build.

Create a .appveyor.yml file. Some examples:


	xndtools/.appveyor.yml [https://github.com/plures/xndtools/blob/master/.appveyor.yml]
uses git clone, pip install pytest, python setup.py install/develop/test







Travis CI for Linux builds

TODO




SMTH for MacOSX builds

TODO
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Pearu’s conda notes


Building a numba-feedstock and uploading to anaconda pearu channel

The following instructions demonstrate how to rebuild a conda-forge package from your own branch. Don’t use this example in production!

# Prerequisities
conda install conda-build -c conda-forge
conda install anaconda-client -c conda-forge
conda activate base
conda config --set anaconda_upload no
# Register in anaconda, see https://docs.anaconda.com/anaconda-cloud/user-guide/howto/#use-the-anaconda-client-cli

#
git clone https://github.com/Quansight/numba-feedstock.git
git checkout v0.42
conda build reciepe/
# remember the generated tar.bz2 file path
anaconda login
anaconda upload /home/pearu/miniconda3/conda-bld/linux-64/numba-0.42.1-py37hf484d3e_0.tar.bz2

# Testing
conda env create -n test-env1
conda activate test-env1
conda install -c pearu numba
conda list  # the output:
...
numba                     0.42.1           py37hf484d3e_0    pearu
...
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Introduction

Recently, arrow CUDA support has been improved:


	ARROW-1424 [https://github.com/apache/arrow/pull/2536] - add cuda support to pyarrow [MERGED]


	ARROW-3451 [https://github.com/apache/arrow/pull/2732] - support numba.cuda and pyarrow.cuda interoperability [MERGED]


	ARROW-3624 [https://github.com/apache/arrow/pull/2844] - support zero-sized device buffers and device-to-device copies [MERGED]




The above makes it possbile to use arrow CudaBuffer for
managing device memory within cudf (former pygdf) so
that one can still use numba.jit decorated functions in cudf.

In the following we describe how to switch between cuda backends (numba.cuda or pyarrow.cuda)
within cudf. Since not all required features are available in arrow release yet
(currently the latest arrow version is 0.11.1),
we’ll need to use arrow source from its repository.




Setting up conda environment

conda create -n cudf-arrow python>=3.6 pytest cmake setuptools numpy cffi \
  numba>=0.40 pandas cython -c conda-forge
conda activate cudf-arrow








Getting cudf branch with arrow support and preparing the build environment

git clone git@github.com:Quansight/pygdf.git
cd pygdf
git submodule update --init --recursive
git checkout cudf-arrow

export ARROW_GITHUB=https://github.com/apache/arrow
export PARQUET_ARROW_VERSION=master

# Adjust if needed:
#export LD_LIBRARY_PATH=/usr/local/cuda-9.2/lib64
export NUMBAPRO_LIBDEVICE=/usr/local/cuda-9.2/nvvm/libdevice
export NUMBAPRO_NVVM=/usr/local/cuda-9.2/nvvm/lib64/libnvvm.so








Building libgdf

mkdir build-libgdf
cd build-libgdf
cmake -DCMAKE_INSTALL_PREFIX=$CONDA_PREFIX ../libgdf/
make -j4
make test
make pytest # expect test_arrow_availability to fail





It is expected that test_arrow_availability will fail because pyarrow is not installed.
If pyarrow is installed, you should remove it because pyarrow needs to be built with
CUDA support enabled, see below.

Install libgdf for cudf:

make install
python setup.py develop








Building pyarrow with CUDA support

export ARROW_HOME=`pwd`/CMakeFiles/thirdparty/arrow-download/arrow-prefix/src/arrow-install/usr/local/
cd CMakeFiles/thirdparty/arrow-download/arrow-prefix/src/arrow/python/
python setup.py build_ext --with-cuda develop
cd -
export LD_LIBRARY_PATH=$LD_LIBRARY_PATH:$ARROW_HOME/lib








Building cudf

cd ..
python setup.py develop








Testing cudf and libgdf

Note: Before running cudf tests when using pyarrow.cuda backend, make sure that open file soft limit is larger than default 1024. See how to increase open files limit [https://easyengine.io/tutorials/linux/increase-open-files-limit/].
This restriction is due to how dummyarray.py is implemented (using numpy.memmap), another implementation would eliminate this issue.

py.test -sv cudf
cd build-libgdf
make pytest  # now all tests should pass





Testing results:

cudf in master:
  4 failed, 1020 passed, 18 skipped, 2 xfailed, 108 warnings in 117.85 seconds
patched cudf with pyarrow.cuda backend:
  3 failed, 1030 passed, 18 skipped, 2 xfailed, 104 warnings in 97.97 seconds
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My github notes


Git configuration

[user]
        email = pearu.peterson@gmail.com
        name = Pearu Peterson
[push]
        default = simple
[merge]
        ff = false
[pull]
        ff = only








Workflow for Quansight


Forking a project to Quansight

Using Apache Arrow as an example project.

…




Cloning a Quansight project

git clone git@github.com:Quansight/arrow.git
cd arrow
git remote add upstream https://github.com/apache/arrow.git
git remote add Quansight https://github.com/Quansight/arrow.git








Tracking the upstream in master

git checkout master
git fetch upstream
git reset --hard upstream/master
git push -f -u Quansight





or

git fetch upstream
git rebase upstream/master





or

git log --graph --decorate --pretty=oneline --abbrev-commit
git rebase -i <current upstream parent commit for newfeature branch>
# editor is openend, replace all `pick` with `squash` except the first one, close editor
# another editor is opened, remove all unnecessary commit lines








Implementing a new feature

git branch newfeature
git checkout newfeature
# Implement feature
git push -u origin newfeature








Tracking the upstream in a feature branch

Make sure master is even with upstream, see above.

git checkout newfeature
git pull # is this needed?
git rebase upstream/master
git push -u origin newfeature
git pull # is this needed?





See Fix git “tip of your current branch is behind its remote counterpart” [https://codewithhugo.com/fix-git-failed-to-push-updates-were-rejected/]. I found git stash not working as expected (and lost some commits). To prevent commit losses, I suggest git diff > newfeature-tmp.patch, do the reset, and then git apply newfeature-tmp.patch.








References

GitHub Standard Fork & Pull Request Workflow [https://gist.github.com/Chaser324/ce0505fbed06b947d962]

Issues with Arrow workflow [https://github.com/apache/arrow/pull/2844#issuecomment-433603570]

If you make a git mistake [https://ohshitgit.com/]
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Introduction




Building libgdf against arrow-master and Python 3.7

conda create -n libgdf-arrow011 python=3.7 pytest cmake setuptools numpy cffi \
  numba pandas cython -c conda-forge
conda activate libgdf-arrow011
cd git
git clone git@github.com:Quansight/libgdf.git
cd libgdf
git submodule update --init --recursive
mkdir build
cd build
export PARQUET_ARROW_VERSION=master
# For pyarrow, in cmake/Templates/Arrow.CMakeList.txt one must use:
#  -DARROW_BUILD_SHARED=ON -DARROW_GPU=ON -DARROW_COMPUTE=ON -DARROW_PYTHON=ON -DARROW_HDFS=ON
cmake -DCMAKE_INSTALL_PREFIX=$CONDA_PREFIX ..
make
make test
make pytest # expect test_arrow_availability to fail because pyarrow is not installed
make install
python setup.py develop








Building libgdf against arrow-0.7.1 and Python 3.6

libgdf was developed with arrow 0.7.1. In arrow >= 0.8 the ipc code changed in a way that broke libgdf.
In pearu-sandbox/libgdf the corresponding code is disabled along with test_ipc. This alone allows one to
succesfully build and test libgdf using the recent version of arrow (currently it is 0.9.0).

conda env create --name libgdf_dev-arrow071 --file libgdf/conda_environments/dev_py36.yml
conda activate libgdf_dev-arrow071
conda install arrow-cpp=0.7.1 pyarrow=0.7.1 -c conda-forge # downgrades arrow
cd build-libgdf/
rm -rf . # clean up
cd ../libgdf/thirdparty/cub && git checkout b165e1f && cd -
cd ../libgdf/thirdparty/moderngpu && git checkout c1fd31d && cd -
cmake -DARROW_METADATA_VERSION=3 -DCMAKE_INSTALL_PREFIX=$CONDA_PREFIX ../libgdf/
make
make pytest
make install
python setup.py install








Building libgdf against arrow 0.9.0 and Python 3.6

conda env create --name libgdf_dev-arrow090 --file libgdf/conda_environments/dev_py36.yml
conda activate libgdf_dev-arrow090
conda update arrow-cpp # otherwise expect './libgdf.so: undefined symbol: _ZN5arrow3ipc8internal4json10JsonWriter6FinishEPNSt7__cxx1112basic_stringIcSt11char_traitsIcESaIcEEE'
mkdir build-libgdf
cd build-libgdf
cmake -DARROW_METADATA_VERSION=4 -DCMAKE_INSTALL_PREFIX=$CONDA_PREFIX ../libgdf/
make
make pytest

# install for pygdf
make install
python setup.py install








Next

Building/testing pygdf
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Building mapd-core while using conda dependencies: CXX11ABI packages


Setup

cd git
git clone https://github.com/Quansight/mapd-core
# Install system dependencies:
sudo apt-get install libc6-dev gcc g++
# Setup conda environment:
wget https://raw.githubusercontent.com/Quansight/pearu-sandbox/master/conda-envs/omnisci-dev-ubuntu18.yaml
conda env create --file=omnisci-dev-ubuntu18.yaml -n omnisci-dev-cpu
conda activate omnisci-dev-cpu
# Build mapd-core:
cd git/mapd-core/






KVM client Ubuntu 18.04 - CUDA disabled

export PREFIX=$CONDA_PREFIX
mkdir build-cpu && cd build-cpu
cmake -DCMAKE_INSTALL_PREFIX=$PREFIX -DCMAKE_BUILD_TYPE=debug \
  -DENABLE_AWS_S3=off -DENABLE_FOLLY=off -DENABLE_JAVA_REMOTE_DEBUG=off \
  -DMAPD_IMMERSE_DOWNLOAD=off -DMAPD_DOCS_DOWNLOAD=off -DPREFER_STATIC_LIBS=off \
  -DENABLE_CUDA=off -DCMAKE_C_COMPILER=gcc -DCMAKE_CXX_COMPILER=g++ \
  -DENABLE_PROFILER=off -DMAPD_EDITION=OS ..








KVM client Ubuntu 18.04 - CUDA enabled

Make sure that the output of llvm-config --targets-built contains NVPTX. If not, see below how to rebuild llvmdev and clangdev.

mkdir build-cuda && cd build-cuda
cmake -DCMAKE_INSTALL_PREFIX=$PREFIX -DCMAKE_BUILD_TYPE=debug \
  -DENABLE_AWS_S3=off -DENABLE_FOLLY=off -DENABLE_JAVA_REMOTE_DEBUG=off \
  -DMAPD_IMMERSE_DOWNLOAD=off -DMAPD_DOCS_DOWNLOAD=off -DPREFER_STATIC_LIBS=off \
  -DENABLE_CUDA=on -DCMAKE_C_COMPILER=gcc -DCMAKE_CXX_COMPILER=g++ \
  -DENABLE_PROFILER=off -DMAPD_EDITION=OS ..










Building and testing mapd-core

make -j `nproc`
# Run sanity tests:
mkdir tmp && bin/initdb tmp
make sanity_tests
# Basic usage:
mkdir data && bin/initdb data
# run bin/mapd_server in another console
bash ../insert_sample_data # select table flights_2008_10k
bin/mapdql -p HyperInteractive








Building llvmdev and clangdev with NVPTX target support

If llvmdev-feedstock PR 59 [https://github.com/conda-forge/llvmdev-feedstock/pull/59] has not been merged then rebuild llvmdev and clangdev conda packages as follows:

conda activate base
conda install make cmake conda-build -c conda-forge
git clone https://github.com/conda-forge/llvmdev-feedstock.git
git clone https://github.com/conda-forge/clangdev-feedstock.git

# Edit llvmdev-feedstock/recipe/build.sh by removing `-DLLVM_TARGETS_TO_BUILD=host`
# and increment build number in llvmdev-feedstock/recipe/meta.yaml
conda build llvmdev-feedstock/recipe   # takes about 191m (user)

# Increment build number in clangdev-feedstock/recipe/meta.yaml
conda build clangdev-feedstock/recipe  # takes about 84m (user)





To install the build llvmdev and clangdev, run

conda install -n omnisci-dev-cuda llvmdev=7.0.1 clangdev=7.0.1 -c local










Building mapd-core while using conda dependencies: pre-CXX11ABI packages

Testing on the following platforms (all have GPU card Quadro P2000):


	Ubuntu 16.04


	KVM client Ubuntu 16.04


	KVM client Ubuntu 18.04


	KVM client Centos 7


	Darwin 18.0





Prepare conda environment with mapd-core dependencies

conda create -n omnisci-dev python>=3.6 pytest cmake setuptools numpy numba>=0.40 \
  clangdev=6 llvmdev=6 arrow-cpp>=0.11 boost-cpp=1.67 boost=1.67 go gperftools gdal \
  thrift-cpp=0.11.0 thrift=0.11.0 gflags glog libarchive maven bisonpp flex \
  cython pyarrow>=0.11 parquet-cpp blosc \
  doxygen -c conda-forge
conda activate omnisci-dev
# Ubuntu 16.04: it has g++ 5.4
conda install gxx_linux-64 -c conda-forge # provides g++ 7.2

# Ubuntu 18.04: it already has g++ 7.3 and using conda gxx_linux-64 will lead
# to build failures (not finding librt)

# Centos 7.0: it has g++ 4.8.5
conda install zlib gxx_linux-64 -c conda-forge

# Darwin 18.0
conda install openjdk=8 -c conda-forge

# even when using g++ for compilation, clangdev dependency is still required





If GPU enabled mapd server is required then skip installing clangdev=6 llvmdev=6, see below.




Check out mapd-core and prepare the build directory

cd git
git clone https://github.com/Quansight/mapd-core
mkdir mapd-core/build && cd mapd-core/build   # note: build directory must be inside mapd-core for tests








Run cmake

# Centos 7.0:
export PREFIX=$CONDA_PREFIX
export CMAKE_COMPILERS="" #"-DCMAKE_C_COMPILER=clang -DCMAKE_CXX_COMPILER=clang++"
export CXXFLAGS="-std=c++14 -D_GLIBCXX_USE_CXX11_ABI=0"
# with the latest conda use _GLIBCXX_USE_CXX11_ABI default 1
export LDFLAGS="-L$PREFIX/lib -Wl,-rpath,$PREFIX/lib"
export ZLIB_ROOT=$PREFIX
export CXXFLAGS="$CXXFLAGS -msse4.1"

# Ubuntu 16.04:
export PREFIX=$CONDA_PREFIX
export CXXFLAGS="-std=c++14 -D_GLIBCXX_USE_CXX11_ABI=0"
# with the latest conda use _GLIBCXX_USE_CXX11_ABI default 1
export LDFLAGS="-L$PREFIX/lib -Wl,-rpath,$PREFIX/lib"
export CMAKE_COMPILERS=""

# Ubuntu 18.04:
export PREFIX=$CONDA_PREFIX
export CMAKE_COMPILERS=""
export CXXFLAGS="-std=c++14 -D_GLIBCXX_USE_CXX11_ABI=0"
# with the latest conda use _GLIBCXX_USE_CXX11_ABI default 1
export LDFLAGS="-L$PREFIX/lib -Wl,-rpath,$PREFIX/lib"

# Darwin 18.0:
export PREFIX=$CONDA_PREFIX
export CMAKE_COMPILERS="-DCMAKE_C_COMPILER=clang -DCMAKE_CXX_COMPILER=clang++"
export CXXFLAGS="-std=c++14"
export LDFLAGS="-L$PREFIX/lib -Wl,-rpath,$PREFIX/lib"
export ZLIB_ROOT=$PREFIX
export LibArchive_ROOT=$PREFIX

#
cmake \
      -DCMAKE_INSTALL_PREFIX=$PREFIX \
      -DCMAKE_BUILD_TYPE=debug \
      -DENABLE_AWS_S3=off \
      -DENABLE_FOLLY=off \
      -DENABLE_JAVA_REMOTE_DEBUG=off \
      -DMAPD_IMMERSE_DOWNLOAD=off \
      -DMAPD_DOCS_DOWNLOAD=off \
      -DPREFER_STATIC_LIBS=off \
      -DENABLE_CUDA=off \
      $CMAKE_COMPILERS \
  ..
# make sure that cmake finds all required packages from conda environment





Setting -DENABLE_CUDA=on fails on Ubuntu 16.04 (not finding librt) but works on Ubuntu 18.04.

Ubuntu 18.04, using -DPREFER_STATIC_LIBS=on requires LDFLAGS="-ldl"




Compile and build

make -j4








Testing

mkdir tmp && bin/initdb tmp
make sanity_tests
# here 6 out of 14 tests fail in: Ubuntu 16.04 (CPU), 18.04 (CPU), 18.04 (GPU), Centos 7.0 (CPU)
The following tests FAILED:
	  2 - UpdelStorageTest (Failed)
	  3 - ImportTest (Failed)
	  4 - AlterColumnTest (Failed)
	  6 - ExecuteTest (SEGFAULT)
	 13 - TopKTest (Failed)
	 18 - CtasTest (Failed)





Test logs show that many of the above failing tests acctually pass OK but there seems to be issues with logging, for instance:

18: pure virtual method called
18: terminate called without an active exception
18: E1105 19:14:28.051285  8062 QueryRunner.cpp:111] Interrupt signal (6) received.
18: WARNING: Logging before InitGoogleLogging() is written to STDERR
18: I1105 19:14:28.056200  8062 Calcite.cpp:447] Destroy Calcite Class
18: I1105 19:14:28.056221  8062 Calcite.cpp:449] End of Calcite Destructor 
14/14 Test #18: CtasTest .........................***Failed  280.83 sec








Using mapd-core via pymapd

conda install -c conda-forge pymapd

mkdir data && bin/initdb data
# in another terminal, run the server: bin/mapd_server
bash ../insert_sample_data # select table flights_2008_10k





In Python, execute

from pymapd import connect
con = connect(user="mapd", password= "HyperInteractive", host="localhost", dbname="mapd")
c = con.cursor()
c.execute("SELECT * FROM flights_2008_10k LIMIT 100")
print(list(c)[0])








GPU enabled mapd-core

GPU enabled mapd-core requires


	using -DENABLE_CUDA=on in mapd-core cmake configuration


	llvm that supports NVPTX target.




At the moment of writing this, conda-forge provided llvmdev does not include the NVPTX target support
and accessing mapd server will result with the following failure:

F0106 16:50:27.459915 18721 NativeCodegen.cpp:675] No available targets are compatible with this triple.
*** Check failure stack trace: ***





To verify whether a llvm installation has the required target support, run

llvm-config --targets-built





If the output contains NVPTX, then llvm is good. Otherwise, one must obtain llvm that supports NVPTX target.

I chosed to rebuild conda-forge llvmdev-feedstock [https://github.com/conda-forge/llvmdev-feedstock] and clangdev-feedstock [https://github.com/conda-forge/clangdev-feedstock] locally:

conda activate base
git clone https://github.com/conda-forge/llvmdev-feedstock
git clone https://github.com/conda-forge/clangdev-feedstock.git

export CXXFLAGS="-std=c++14 -D_GLIBCXX_USE_CXX11_ABI=0"

# Edit llvmdev-feedstock/recipe/build.sh to include `-DLLVM_TARGETS_TO_BUILD="X86;NVPTX"` cmake argument
# and increment build number in llvmdev-feedstock/recipe/meta.yaml
conda build llvmdev-feedstock/recipe   # takes about 96m (user)

# Edit clangdev-feedstock/recipe/meta.yaml to include the following two lines:
{% set version = "7.0.1" %}
{% set sha256 = "a45b62dde5d7d5fdcdfa876b0af92f164d434b06e9e89b5d0b1cbc65dfe3f418" %}

conda build clangdev-feedstock/recipe  # takes about 84m (user)





To install the build llvmdev and clangdev, run

conda install -n omnisci-dev --use-local llvmdev=7.0.1 clangdev=7.0.1





Now continue with mapd-core building (see above) with the following cmake command:

cmake \
      -DCMAKE_INSTALL_PREFIX=$PREFIX \
      -DCMAKE_BUILD_TYPE=debug \
      -DENABLE_AWS_S3=off \
      -DENABLE_FOLLY=off \
      -DENABLE_JAVA_REMOTE_DEBUG=off \
      -DMAPD_IMMERSE_DOWNLOAD=off \
      -DMAPD_DOCS_DOWNLOAD=off \
      -DPREFER_STATIC_LIBS=off \
      -DENABLE_CUDA=on \
      $CMAKE_COMPILERS \
      -DMAPD_EDITION=CE \
  ..








Possible issues and solutions


mapd-core build fail

[ 88%] Linking CXX executable bin/mapd_server

QueryEngine/libQueryEngine.a(NativeCodegen.cpp.o): In function `Executor::initializeNVPTXBackend() const':
/home/pearu/git/omnisci/mapd-core-internal/QueryEngine/NativeCodegen.cpp:673: undefined reference to `llvm::TargetRegistry::lookupTarget(std::string const&, std::string&)'
collect2: error: ld returned 1 exit status





This problem appears when linking together libraries using different C++ ABI verions.




mapd-core build fails

[ERROR] COMPILATION ERROR : 
[ERROR] /Users/user/dev/pearu/git/mapd-core/java/thrift/src/gen/com/mapd/thrift/server/TRenderParseResult.java:[10,18] package javax.annotation does not exist
...





As a solution, use openjdk=8 when installing conda packages.




mapd-core build fails

[ 55%] Linking CXX executable bin/initdb
Undefined symbols for architecture x86_64:
  "_archive_read_free", referenced from:
      Archive::~Archive() in libCsvImport.a(Importer.cpp.o)
  "_archive_read_support_filter_bzip2", referenced from:
      Archive::Archive(std::__1::basic_string<char, std::__1::char_traits<char>, std::__1::allocator<char> >, bool) in libCsvImport.a(Importer.cpp.o)
...





As a solution, use export LibArchive_ROOT=$PREFIX prior cmake.




conda CC env

$ echo $CC
/use/the/cgo/conda/package/instead





Solution:

export CC=
export CXX=








mapd-core build fail

[ 53%] Generating ../libjwt.a, ../libjwt.h
can't load package: package main: build constraints exclude all Go files in /home/pearu/git/omnisci/mapd-core-internal/Licensing
Licensing/CMakeFiles/Licensing.dir/build.make:61: recipe for target 'libjwt.a' failed
make[2]: *** [libjwt.a] Error 1





Solution?:

conda install -c conda-forge go-cgo  # ???
CGO_ENABLED=1 CC=clang CGO_LDFLAGS= CGO_CFLAGS= CGO_CPPFLAGS=  make








mapd-code build fail

In file included from /home/pearu/git/Quansight/mapd-core/QueryEngine/DecodersImpl.h:28:0,
                 from /home/pearu/git/Quansight/mapd-core/QueryEngine/RuntimeFunctions.cpp:37:
/home/pearu/git/Quansight/mapd-core/QueryEngine/DecodersImpl.h: In function 'int64_t fixed_width_int_decode_noinline(const int8_t*, int32_t, int64_t)':
/home/pearu/git/Quansight/mapd-core/QueryEngine/DecodersImpl.h:31:8: error: inlining failed in call to always_inline 'int64_t fixed_width_int_decode(const int8_t*, int32_t, int64_t)': function body can be overwritten at link time
 SUFFIX(fixed_width_int_decode)(const int8_t* byte_stream,
        ^
/home/pearu/git/Quansight/mapd-core/QueryEngine/../Shared/funcannotations.h:63:22: note: in definition of macro 'SUFFIX'
 #define SUFFIX(name) name
                      ^~~~
In file included from /home/pearu/git/Quansight/mapd-core/QueryEngine/RuntimeFunctions.cpp:37:0:
/home/pearu/git/Quansight/mapd-core/QueryEngine/DecodersImpl.h:86:69: note: called from here
   return SUFFIX(fixed_width_int_decode)(byte_stream, byte_width, pos);





Solution: make sure that -fPIC is not specified in CXXFLAGS

export CXXFLAGS="`echo $CXXFLAGS | sed 's/-fPIC//'`"








mapd-code build fail

[ 58%] Linking CXX executable bin/mapd_server
CMakeFiles/mapd_server.dir/MapDServer.cpp.o: In function `boost::system::system_category()':
/home/pearu/miniconda3/envs/omnisci-conda/include/boost/system/error_code.hpp:472: undefined reference to `boost::system::detail::system_category_instance'





Solution:

export CXXFLAGS="$CXXFLAGS -DBOOST_ERROR_CODE_HEADER_ONLY"





and rerun cmake and make.




Using mapd-core version 4.5.0 or older and /usr/bin/java is missing

This leads to a crash when running initdb tmp, for instance.

Solution:

sed -i 's/\/usr\/bin\/java/'`which java|sed 's/\//\\\\\//g'`'/g' Calcite/Calcite.cpp





and rebuild. Or grap mapd-core from its git repo.




cmake warning

CMake Warning at /home/pearu/miniconda3/envs/omnisci-gpu-dev/share/cmake-3.14/Modules/FindCUDA.cmake:893 (message):
  Expecting to find librt for libcudart_static, but didn't find it.





Solution:

ln -s /usr/lib/x86_64-linux-gnu/librt.a $CONDA_PREFIX/lib/








cmake failure

CMake Error: The following variables are used in this project, but they are set to NOTFOUND.
Please set them or make sure they are set and tested correctly in the CMake files:
CUDA_CUDA_LIBRARY (ADVANCED)





Solution:

ln -s /usr/lib/x86_64-linux-gnu/libcuda.so $CONDA_PREFIX/lib/








mapd-core build failure

 44%] Building CXX object Tests/CMakeFiles/StringDictionaryTest.dir/StringDictionaryTest.cpp.o
/home/pearu/miniconda3/envs/omnisci-gpu-dev/bin/ld: /home/pearu/miniconda3/envs/omnisci-gpu-dev/bin/../x86_64-conda_cos6-linux-gnu/sysroot/lib/librt.so.1: undefined reference to `__vdso_clock_gettime@GLIBC_PRIVATE'
clang-7: error: linker command failed with exit code 1 (use -v to see invocation)





Solution: re-check CXXFLAGS and LDFLAGS, some conda install ... command may have reset these variables.




omniscidb build failure (when using clang)

/usr/include/limits.h:145:5: error: function-like macro '__GLIBC_USE' is not defined
#if __GLIBC_USE (IEC_60559_BFP_EXT)





Solution:

export CFLAGS="$CFLAGS -D__GLIBC_USE\(...\)=0"
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Developing arrow on Ubuntu 18.04 with CUDA

conda create -n pyarrow-dev
conda activate pyarrow-dev
conda install python numpy six setuptools cython pandas pytest \
      cmake flatbuffers rapidjson boost-cpp thrift-cpp snappy zlib \
      gflags brotli jemalloc lz4-c zstd \
      double-conversion glog autoconf hypothesis numba \
      clangdev=6 flake8 gtest gmock make \
      -c conda-forge
# clangdev=6 is required for clang-format
cd git/Quansight
git clone https://github.com/quansight/arrow.git





conda activate pyarrow-dev
cd arrow
export ARROW_BUILD_TYPE=release
export ARROW_BUILD_TOOLCHAIN=$CONDA_PREFIX
export ARROW_HOME=$CONDA_PREFIX
export PARQUET_HOME=$CONDA_PREFIX
export NUMBAPRO_LIBDEVICE=/usr/local/cuda-9.2/nvvm/libdevice
export NUMBAPRO_NVVM=/usr/local/cuda-9.2/nvvm/lib64/libnvvm.so
mkdir build
cd build
cmake -DCMAKE_BUILD_TYPE=$ARROW_BUILD_TYPE \
      -DCMAKE_INSTALL_PREFIX=$ARROW_HOME \
      -DARROW_PARQUET=OFF  -DARROW_PYTHON=ON  \
      -DARROW_PLASMA=OFF -DARROW_BUILD_TESTS=OFF \
      -DARROW_CUDA=ON \
      -DCLANG_FORMAT_BIN=`which clang-format` \
      ..
make -j3
make install
make format # after changing cpp/ files
cd ../../python
python setup.py build_ext --build-type=$ARROW_BUILD_TYPE --with-cuda develop
py.test -sv pyarrow/






For development, use

export ARROW_BUILD_TYPE=debug
cmake -DCMAKE_BUILD_TYPE=$ARROW_BUILD_TYPE \
      -DCMAKE_INSTALL_PREFIX=$ARROW_HOME \
      -DARROW_PARQUET=off  -DARROW_PYTHON=on  \
      -DARROW_PLASMA=off -DARROW_BUILD_TESTS=ON \
      -DARROW_CUDA=on \
      -DCLANG_FORMAT_BIN=`which clang-format` \
      ..








    

    


            

          

      

      

    

  

  
    
    
    Prerequisites
    

    

    

    

    

    

    

    
 
  

    
      
          
            
  
Prerequisites

Building/testing libgdf with the latest arrow version

Assuming that the conda environment that has been used for installing libgdf (libgdf-arrow011, for instance) has been activated.




Building pyarrow with CUDA support

This requires that libgdf build uses  -DARROW_BUILD_SHARED=ON -DARROW_HDFS=ON -DARROW_GPU=ON -DARROW_COMPUTE=ON -DARROW_PYTHON=ON.

cd libgdf/build/
cd CMakeFiles/thirdparty/arrow-download/arrow-prefix/src/arrow/python/
ARROW_HOME=../../arrow-install/usr/local/ python setup.py build_ext --with-cuda develop
cd -
export LD_LIBRARY_PATH=$LD_LIBRARY_PATH:`pwd`/CMakeFiles/thirdparty/arrow-download/arrow-prefix/src/arrow-install/usr/local/lib
cd ../pygdf
export NUMBAPRO_LIBDEVICE=/usr/local/cuda-9.2/nvvm/libdevice
export NUMBAPRO_NVVM=/usr/local/cuda-9.2/nvvm/lib64/libnvvm.so
python setup.py develop
py.test -sv . # most tests should pass ok









Building/testing pygdf

cd pygdf/
python setup.py develop
# required by numba:
export NUMBAPRO_LIBDEVICE=/usr/local/cuda-9.2/nvvm/libdevice
export NUMBAPRO_NVVM=/usr/local/cuda-9.2/nvvm/lib64/libnvvm.so

py.test -sv .
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Setting up remote numba dependencies in a conda environment

Remote numba project requires that llvmdev has been built against all stable targets.
Atm, llvmdev-feedstock is built against host target
(see llvmdev-feedstock PR 59 [https://github.com/conda-forge/llvmdev-feedstock/pull/59] for the state)
and for remote numba project many conda packages must rebuilt. The building instructions will be given below.
However, if the output of

llvm-config --targets-built





reports all the targets you need, the rebuilding llvmdev and related packages will be unnecessary.


Rebuilding llvmdev and related packages

conda activate base
conda install make cmake conda-build -c conda-forge
git clone https://github.com/conda-forge/llvmdev-feedstock.git
git clone https://github.com/conda-forge/clangdev-feedstock.git
git clone https://github.com/numba/llvmlite.git
git clone https://github.com/numba/numba.git

# Edit llvmdev-feedstock/recipe/build.sh by removing `-DLLVM_TARGETS_TO_BUILD=host`
# and increment the build number in `llvmdev-feedstock/recipe/meta.yaml`
conda build llvmdev-feedstock/recipe   # takes about 191m (user)

# Increment the build number in clangdev-feedstock/recipe/meta.yaml
conda build clangdev-feedstock/recipe  # takes about 84m (user)

cd llvmlite
git checkout f008359  # 0.27.1 release
cd ..
GIT_DESCRIBE_NUMBER=2000 conda build llvmlite/conda-recipes/llvmlite/

GIT_DESCRIBE_NUMBER=2000 conda build numba/buildscripts/condarecipe.local/






Installing the built packages

conda install -n remote-numba-dev llvmdev=7.0.1 clangdev=7.0.1 llvmlite=0.27.1 numba -c local
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Introduction

For development that might involve changing external libraries, I’ll use git subtree. See git subtrees: a tutorial [https://medium.com/@v/git-subtrees-a-tutorial-6ff568381844]


libgdf

git remote add -f goai_libgdf https://github.com/gpuopenanalytics/libgdf.git
git subtree add -P libgdf goai_libgdf master
cat libgdf/.gitmodules >> .gitmodules
nano .gitmodules # prepend libgdf/ to thirdparty
git submodule init 
git submodule update --remote --merge
git add -u .
git commit -m "add libgdf submodules"
git push

# to update libgdf from goai:
git subtree pull -P libgdf goai_libgdf master
# build/test/install libgdf
git push

# to update already cloned pearu-sandbox:
git pull
git submodule init
git submodule update --recursive --remote

# to clone pearu-sandbox:
git clone --recurse-submodules  git@github.com:Quansight/pearu-sandbox.git








pygdf

git pull
git remote add -f goai_pygdf https://github.com/gpuopenanalytics/pygdf.git
git subtree add -P pygdf goai_pygdf master
git push

# to update pygdf from goai:
git subtree pull -P pygdf goai_pygdf master
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pearu-sandbox

This is Pearu’s sandbox.


To clone pearu-sandbox

git clone --recurse-submodules https://github.com/Quansight/pearu-sandbox.git










Contents

Creating KVM based development environment

Building/testing libgdf with arrow version 0.9.0
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Code crunching

by Pearu Peterson

In developing software packages with a huge code base (e.g. pytorch), a considerable amount of time goes to
building. Making a minor change to the source code may create a considerable gap to the development process due to the rebuild time of the package.

For optimal development cycle, one would want to predict the build time depending on the available computer resources as well as to understand what are the components that affect the build process most, for instance,
choosing build parameters or when planning to purchase a new build machine.

We track the memory usage and build time against the maximal number of jobs.




The main takeaway


nproc

nproc gives the number of processing units in the system and it is custom to use build command like:

make -j `nproc`
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iperf-bench

The aim of the following scripts is to gather information on
client-server connectivity (network throughput and latency). This
information will be used to find an optimal location of development
servers (such as qgpu3).


iperf service

The candidates of the servers are listed in server sections of
config.conf file. Each server runs iperf service (via
run_server.py) that logs connections to
server-<server hostname>.txt file. To run the server (client users
should ignore the following instructions), one must prepare a
benchmark environment as follows:


	Clone Quansight/pearu-sandbox (if you have not done it yet):

git clone git@github.com:Quansight/pearu-sandbox.git







	Add server information to config.conf and merge the
changes.


	Prepare the server environment:

cd Quansight/pearu-sandbox/iperf-bench
conda env create --file=iperf-benchmark-server.yaml
conda activate iperf-benchmark-server
pip install iperf3







	Run the ipref service:

python run_server.py





The service should run until all clients have completed their
benchmark runs.  In the case of service crash, just rerun the
run_server.py script that will continue collecting the data.



	When all benchmark data is collected, upload server-<server hostname>.txt to
https://github.com/Quansight/quansight-internal-support/tree/pearu/iperf-bench/iperf-bench
for futher analysis.  Or just send the files to Pearu via E-mail or
Slack.







Client side benchmarking

The clients are hosts that connect to development servers. The client
benchmark script run_client.py connects to the
iperf service providers and logs benchmark results to
client-<client hostname>-<server hostname>.txt file. In addition,
the client benchmark scripts runs ping to record the latency data.

To run th client benchmarks, first prepare a benchmark environment as
follows:


	Clone Quansight/pearu-sandbox (if you have not done it yet):

git clone git@github.com:Quansight/pearu-sandbox.git







	Prepare the client environment:

cd Quansight/pearu-sandbox/iperf-bench
conda env create --file=iperf-benchmark-client.yaml
conda activate iperf-benchmark-client
python -m pip install git+https://github.com/thiezn/iperf3-python/







	Run the benchmarks script:

python run_client.py





Please re-run the script several times during your working day
with, say, 1-4h intervals.



	Finally, upload all client-<client hostname>-<server hostname>.txt files to
https://github.com/Quansight/quansight-internal-support/tree/pearu/iperf-bench/iperf-bench
for futher analysis. Or just send the files to Pearu via E-mail or Slack.
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Access VM instance via SSH tunnel

To access vm instance outside the host, on possibility to create a SSH tunnel.
Let’s define:


	REMOTE: host where ssh access is attempted


	HOST: KVM server


	GUEST: IP of VM instance seen from HOST




To create a tunnel, run from REMOTE:

ssh -f -L 2222:GUEST:22 HOST -N





To access vm instance from REMOTE via ssh, run

ssh HOST -p 2222 # this should give GUEST prompt





For instance, when using tramp mode in Emacs (in REMOTE), you can open GUEST file using

  C-x C-f /localhost#2222:<path to GUEST file>








Access VM instance via second NIC

I’d prefer this appoach but have to get a second NIC installed to my workstation, first.
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Prerequisites

See README-vms




Setting up and installing CUDA within a VM instance

In the following, instructions from

https://docs.nvidia.com/cuda/cuda-installation-guide-linux/index.html

are applied within VM instances.


Cuda 9.2 on Ubuntu 16.04

virsh start ubuntu1604-gpu
ssh `vm_ip ubuntu1604-gpu`

sudo apt install gcc
gcc --version
gcc (Ubuntu 5.4.0-6ubuntu1~16.04.10) 5.4.0 20160609
$ uname -r
4.4.0-124-generic
sudo apt-get install linux-headers-$(uname -r)
wget https://developer.download.nvidia.com/compute/cuda/repos/ubuntu1604/x86_64/cuda-repo-ubuntu1604_9.2.88-1_amd64.deb
sudo dpkg -i cuda-repo-ubuntu1604_9.2.88-1_amd64.deb
sudo apt-key adv --fetch-keys http://developer.download.nvidia.com/compute/cuda/repos/ubuntu1604/x86_64/7fa2af80.pub
sudo apt-get update
sudo apt-get install cuda
sudo reboot
ssh `vm_ip ubuntu1604-gpu`
lsmod | grep nouveau # should show nothing
ls /dev/nvidia* # should show nvidia devices





Append to .bashrc:

export PATH=/usr/local/cuda-9.2/bin${PATH:+:${PATH}}
export LD_LIBRARY_PATH=/usr/local/cuda-9.2/lib64${LD_LIBRARY_PATH:+:${LD_LIBRARY_PATH}}





RECOMMENDED: test driver and samples

/usr/bin/nvidia-persistenced --verbose
cuda-install-samples-9.2.sh cuda-9.2-samples
cat /proc/driver/nvidia/version
NVRM version: NVIDIA UNIX x86_64 Kernel Module  396.26  Mon Apr 30 18:01:39 PDT 2018
GCC version:  gcc version 5.4.0 20160609 (Ubuntu 5.4.0-6ubuntu1~16.04.10) 
nvcc -V
nvcc: NVIDIA (R) Cuda compiler driver
Copyright (c) 2005-2018 NVIDIA Corporation
Built on Wed_Apr_11_23:16:29_CDT_2018
Cuda compilation tools, release 9.2, V9.2.88
cd cuda-9.2-samples/NVIDIA_CUDA-9.2_Samples/
make
bin/x86_64/linux/release/deviceQuery
bin/x86_64/linux/release/bandwidthTest








Cuda 9.2 on Centos 7

virsh start centos70-gpu
ssh `vm_ip centos70-gpu`

uname -m && cat /etc/*release
x86_64
CentOS Linux release 7.5.1804 (Core)
sudo yum install gcc
gcc --version
gcc (GCC) 4.8.5 20150623 (Red Hat 4.8.5-28)
uname -r
3.10.0-862.3.2.el7.x86_64

sudo yum install kernel-devel-$(uname -r) kernel-headers-$(uname -r)

wget https://developer.download.nvidia.com/compute/cuda/repos/rhel7/x86_64/cuda-repo-rhel7-9.2.88-1.x86_64.rpm
sudo rpm -i cuda-repo-rhel7-9.2.88-1.x86_64.rpm
sudo yum clean all





To fix ‘Requires: dkms’ error

sudo yum install epel-release
sudo yum install dkms





sudo yum install cuda





Append to .bashrc:

export PATH=/usr/local/cuda-9.2/bin${PATH:+:${PATH}}
export LD_LIBRARY_PATH=/usr/local/cuda-9.2/lib64${LD_LIBRARY_PATH:+:${LD_LIBRARY_PATH}}

sudo reboot

ssh `vm_ip centos70-gpu`





Apply https://docs.nvidia.com/cuda/cuda-installation-guide-linux/index.html#runfile-verifications

nano mk_dev_nvidia.sh # copy the script content from the docs
sudo bash mk_dev_nvidia.sh
ls /dev/nvidia* # should show nvidia devices

sudo /usr/bin/nvidia-persistenced --verbose
cuda-install-samples-9.2.sh .

cat /proc/driver/nvidia/version
NVRM version: NVIDIA UNIX x86_64 Kernel Module  396.26  Mon Apr 30 18:01:39 PDT 2018
GCC version:  gcc version 4.8.5 20150623 (Red Hat 4.8.5-28) (GCC) 
nvcc -V
nvcc: NVIDIA (R) Cuda compiler driver
Copyright (c) 2005-2018 NVIDIA Corporation
Built on Wed_Apr_11_23:16:29_CDT_2018
Cuda compilation tools, release 9.2, V9.2.88

cd NVIDIA_CUDA-9.2_Samples/
make
bin/x86_64/linux/release/deviceQuery
bin/x86_64/linux/release/bandwidthTest








Cuda 9.2 on Ubuntu 18.04

sudo virt-clone --original ubuntu1604-gpu --name ubuntu1804-gpu --auto-clone
virsh start ubuntu1804-gpu
ssh `vm_ip ubuntu1804-gpu`
sudo do-release-upgrade
# after succesful upgrade, test driver and samples, see above
sudo /usr/bin/nvidia-persistenced --verbose
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Increasing the disk size of virtual machine

# Login to virtual image and shut it down:
sudo shutdown -h now

# In KVM server:
# Set the name of VM that disk is to be resized
export VM=ubuntu1804-gpu-conda37      # edit

# Find the VM image:
virsh domblklist $VM
Target     Source
------------------------------------------------
vda        /servers/images/ubuntu1604-amd64-clone-4-clone-2-clone.img

# Set the name of VM image file:
export VMFILE=/servers/images/ubuntu1604-amd64-clone-4-clone-2-clone.img

# Establish the current size:
sudo qemu-img info $VMFILE

# Resize the disk (add 50GB):
sudo qemu-img resize $VMFILE +50G

# List file systems:
sudo virt-filesystems --all --long -h  -d $VM

# Make a copy
sudo cp $VMFILE $VMFILE-orig

# Expand the file system
sudo virt-resize --expand /dev/sda1 $VMFILE-orig $VMFILE

# Check the results:
sudo qemu-img info $VMFILE
sudo virt-filesystems --all --long -h  -d $VM

# Clean up
rm $VMFILE-orig

# Start the VM and check filesystem sizes
virsh start $VM
ssh `vm_ip $VM`
df -h
logout

# Clean up
rm $VMFILE-orig
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My workstation


	CPU: Intel(R) Core(TM) i5-7400 CPU @ 3.00GHz, 4 cores


	MB: MSI B250M PRO-VDH (MS-7A70)


	RAM: 16GB


	GPU: NPY Quadro P2000


	Platform: Ubuntu 16.04


	GCC: 5.5







Setup

Find instructions from Google how to setup a KVM server in your computer.
For instance, Ubuntu users could start from

https://help.ubuntu.com/community/KVM

In the following it is assumed that the KVM server is up and running,
and one can create VM instances with properly configured network.
Also assuming that the user has permissions to run virsh commands.
See KVM installation guides for details.




Creating base VM instances

Base VM instances are “read-only” instances with specific environments
that can be cloned to create test or development VM instances.

export SERVERS=/servers # base directory for KVM scripts, images, etc.
sudo mkdir -p $SERVERS/images # directory where VM images will situate.
export PATH=/path/to/vm_ip:$PATH
ln -s /path/to/get_vm_ip.sh $SERVERS/






Ubuntu 16.04 (64-bit)

sudo virt-install --name ubuntu1604 --ram 6144 --disk path=/servers/images/ubuntu1604-amd64.img,size=50 --vcpus 4 --os-type linux --os-variant ubuntu16.04 --network bridge=virbr0 --nographics  --location http://archive.ubuntu.com/ubuntu/dists/xenial/main/installer-amd64/ --extra-args='console=ttyS0' --noautoconsole

$ virsh console ubuntu1604





Hit enter once to get the installation console working and follow instructions.

When in Softwate selection, choose:


	OpenSSH server


	Basic Ubuntu server




virsh start ubuntu1604
export IP=`vm_ip ubuntu1604`
ssh-copy-id $IP
ssh $IP
sudo apt-get update
sudo apt-get install
sudo shutdown -h now





To ensure the disk image is qcow2, check the out put of

sudo file /servers/images/ubuntu1604.img








CentOS 7 (64-bit)

Fix the location parameter in virt-install-centos7.sh and run

sudo bash virt-install-centos7.sh
export IP=`vm_ip centos07`
ssh-copy-id $IP
ssh $IP
sudo yum update
sudo yum install wget bzip2 git pciutils nano
sudo shutdown -h now
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Prerequisites

See README-setup




Creating development VM instances

sudo virt-clone --original <base VM name> --auto-clone -n <development VM name>





where base VM name is one node from the following tree:


	ubuntu1604


	ubuntu1604-mconda36


	ubuntu1604-gpu


	ubuntu1604-gpu-mconda36










	centos70


	centos70-mconda36


	centos70-gpu











Creating specific base VM instances


Setup development environment in VM instances

SSH to VM and run

wget https://repo.continuum.io/miniconda/Miniconda3-latest-Linux-x86_64.sh
bash Miniconda3-latest-Linux-x86_64.sh
echo ". $HOME/anaconda3/etc/profile.d/conda.sh" >> ~/.bashrc
git config --global user.email "<YOUR EMAIL AT GITHUB>"
git config --global user.name "<YOUR NAME>"








Miniconda 3.6 for Ubuntu

sudo virt-clone --original ubuntu1604 --auto-clone -n ubuntu1604-mconda36
virsh start ubuntu1604-mconda36
ssh `vm_ip ubuntu1604-mconda36`
# Apply 'Setup development environment in VM instances'
sudo shutdown -h now








Miniconda 3.6 for Centos

sudo virt-clone --original centos70 --auto-clone -n centos70-mconda36
virsh start centos70-mconda36
ssh `vm_ip centos70-mconda36`
# Apply 'Setup development environment in VM instances'
sudo shutdown -h now








Setup Ubuntu host for CUDA VM instances

To passthrough CUDA enabled GPU card to VM, I followed instructions from
https://arrayfire.com/using-gpus-kvm-virutal-machines/

Enable IOMMU and add Devices for PCI passthrough:

/etc/default/grub:
GRUB_CMDLINE_LINUX_DEFAULT="intel_iommu=on"
sudo grub-mkconfig -o /boot/grub/grub.cfg

/etc/modprobe.d/blacklist-nouveau.conf:
blacklist nouveau
blacklist lbm-nouveau
options nouveau modeset=0
alias nouveau off
alias lbm-nouveau off

/etc/modprobe.d/nouveau-kms.conf:
options nouveau modeset=0

reboot

dmesg | grep -e DMAR -e IOMMU
[    0.000000] DMAR: IOMMU enabled





Enable VT and VT-D in BIOS

for iommu_group in $(find /sys/kernel/iommu_groups/ -maxdepth 1 -mindepth 1 -type d); do echo "IOMMU group $(basename "$iommu_group")"; for device in $(ls -1 "$iommu_group"/devices/); do echo -n $'\t'; lspci -nns "$device"; done; done
	01:00.0 VGA compatible controller [0300]: NVIDIA Corporation Device [10de:1c30] (rev a1)
	01:00.1 Audio device [0403]: NVIDIA Corporation Device [10de:10f1] (rev a1)

/etc/modprobe.d/vfio.conf:
options vfio-pci ids=10de:1c30,10de:10f1

/etc/initramfs-tools/modules:
vfio
vfio_iommu_type1
vfio_pci
vfio_virqfd

sudo update-initramfs -u

reboot

/etc/libvirt/qemu.conf:
nvram = ["/usr/share/OVMF/OVMF_CODE.fd:/usr/share/OVMF/OVMF_VARS.fd"]
sudo systemctl restart libvirt-bin

sudo virsh nodedev-list
pci_0000_01_00_0 # gpu
pci_0000_01_00_1 # sound

sudo virsh nodedev-detach pci_0000_01_00_0
sudo virsh nodedev-detach pci_0000_01_00_1








Attaching GPU to VM instance

sudo virt-clone --original ubuntu1604 --auto-clone -n ubuntu1604-gpu
virsh edit ubuntu1604-gpu
sudo virsh nodedev-dumpxml pci_0000_01_00_0
# add to <devices>:
    <hostdev mode='subsystem' type='pci' managed='yes'>
      <source>
        <address domain='0x0000' bus='0x01' slot='0x00' function='0x0'/>
      </source>
      <address type='pci' domain='0x0000' bus='0x00' slot='0x08' function='0x0'/>
      <rom bar='off'/>
    </hostdev>





Got rom bar hint from https://bugs.launchpad.net/ubuntu/+source/seabios/+bug/1181777
that resolved the following problem: clone-edit-start “hanged” vm while host CPU at 100%.

virsh start ubuntu1604-gpu
ssh `vm_ip ubuntu1604-gpu`
lspci | grep -i nvidia
00:08.0 VGA compatible controller: NVIDIA Corporation Device 1c30 (rev a1)
sudo shutdown -h now

sudo virt-clone --original centos70 --auto-clone -n centos70-gpu
virsh start centos70-gpu
ssh `vm_ip centos70-gpu`
virsh edit centos70-gpu # add to <devices>, see above
virsh start centos70-gpu
ssh `vm_ip centos70-gpu`
lspci | grep -i nvidia
00:08.0 VGA compatible controller: NVIDIA Corporation GP106GL [Quadro P2000] (rev a1)








Setup development environment in VM instances

SSH to VM and run

wget https://repo.continuum.io/miniconda/Miniconda3-latest-Linux-x86_64.sh
bash Miniconda3-latest-Linux-x86_64.sh
echo ". $HOME/miniconda3/etc/profile.d/conda.sh" >> ~/.bashrc
git config --global user.email "<YOUR EMAIL AT GITHUB>"
git config --global user.name "<YOUR NAME>"
sudo apt-get install xclip
ssh-keygen -t rsa -b 4096 -C "<YOUR EMAIL AT GITHUB>"
eval "$(ssh-agent -s)"
ssh-add ~/.ssh/id_rsa





Follow instructions in
https://help.github.com/articles/adding-a-new-ssh-key-to-your-github-account/
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Creating KVM based development environment

Setting up base VM instances

Creating testing VM instances

Installing Cuda into a VM instance
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Using LaTeX in Github Flavored Markdown documents

For writting technical documents in GitHub Flavored MarkDown (GFM)
documents that involve mathematics, using LaTeX formulas is a highly
desired feature. This project provides the following solution:


	Download watch_latex_md.py script and make sure
you have pdflatex, watchdog, and optionally pandoc installed.


	Run:

python /path/to/watch_latex_md.py --html --git





in a directory that contains Markdown documents (files with
extension .md). The watch_latex_md.py script will process
Markdown documents whenever the files are modified in the
filesystem.



	When a LaTeX expression surrounded with dollar ($) signs, is
inserted to a Markdown document and the document is save, the
watch_latex_md.py will replace such LaTeX expressions with HMTL
img element containing a link to LaTeX rendering result (it’s a
SVG file created under the directory of the Markdown document).
The HTML img element has a data-latex field that contains the
original LaTeX expression which can be edited at any time. Whenever
the Markdown document is saved, the script will automatically
rerender the LaTeX expression.


	Single dollar signs around the LaTeX expressions will lead to
inlined HTML img while double dollars (or \[-\] pair) result a
slighly large image. When no dollar signs are used, the LaTeX
expression is rendered for inline mode, except when the expression
contains a LaTeX environment surrounded with
\begin{...}-\end{...} block.


	For example, when having the following text in a Markdown document:


	Let $a\in\mathbb{R}$, then $\sqrt{a}$ is imaginary whenever $a<0$.




then after saving the document, the watch_latex_md.py process will
update the document with the following content:

Let <img data-latex="$a\in\mathbb{R}$" src=".images/eefa3ffc21ccf3c8d25ed9f9c8d2019d.svg"  valign="-0.673px" width="46.621px" height="12.533px" style="display:inline;" alt="latex">, then <img data-latex="$\sqrt{a}$" src=".images/5ba233a286631a8918b5ae921f1f3286.svg"  valign="-4.127px" width="27.493px" height="17.215px" style="display:inline;" alt="latex"> is imaginary whenever <img data-latex="$a<0$" src=".images/7b62b3f1ca6c1ec6d8f17ca446ec7f64.svg"  valign="-0.459px" width="43.717px" height="11.556px" style="display:inline;" alt="latex">. 





that renders in a GitHub repository as follows:


	Let [image: latex], then [image: latex] is imaginary whenever 
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libgdf: GPU Dataframes

libgdf is a C library for implementing common functionality for a GPU Data Frame.  For more project details, see the wiki [https://github.com/gpuopenanalytics/libgdf/wiki/Home].




Development Setup

The following instructions are tested on Linux and OSX systems.

Compiler requirement:


	g++-4.8 or


	g++-5.4





Get dependencies

Note: This repo uses submodules. Make sure you cloned recursively:

git clone --recurse-submodules git@github.com:gpuopenanalytics/libgdf.git





Or, after cloning:

cd libgdf
git submodule update --init --recursive





Since cmake will download and build Apache Arrow you may need to install Boost C++:

$ sudo apt-get install libboost-all-dev





To run the python tests it is recommended to setup a conda environment for the dependencies.

# create the conda environment (assuming in build directory)
$ conda env create --name libgdf_dev --file ../conda_environments/dev_py35.yml
# activate the environment
$ source activate libgdf_dev
$ conda install arrow-cpp=0.7.1 -c conda-forge
$ conda install pyarrow=0.7.1 -c conda-forge





This installs the required cmake and pyarrow into the libgdf_dev conda
environment and activates it.

For additional information, the python cffi wrapper code requires cffi and
pytest.  The testing code requires numba and cudatoolkit as an
additional dependency.  All these are installed from the previous commands.

The environment can be updated from ../conda_environments/dev_py35.yml as
development includes/changes the depedencies.  To do so, run:

$ conda env update --name libgdf_dev --file ../conda_environments/dev_py35.yml








Configure and build

This project uses cmake for building the C/C++ library. To configure cmake,
run:

mkdir build   # create build directory for out-of-source build
cd build      # enter the build directory
cmake ..      # configure cmake (will download and build Apache Arrow and Google Test)





To build the C/C++ code, run make.  This should produce a shared library
named libgdf.so or libgdf.dylib.

If you run into compile errors about missing header files:

cub/device/device_segmented_radix_sort.cuh: No such file or directory





See the note about submodules in the Get dependencies section above.




Link python files into the build directory

To make development and testing more seamless, the python files and tests
can be symlinked into the build directory by running make copy_python.
With that, any changes to the python files are reflected in the build
directory.  To rebuild the libgdf, run make again.




Run tests

Currently, all tests are written in python with py.test.  A make target is
available to trigger the test execution.  In the build directory (and with the
conda environment activated), run below to exceute test:

make pytest   # this auto trigger target "copy_python"
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PyGDF

[image: Documentation Status] [http://pygdf.readthedocs.io/en/latest/?badge=latest]

PyGDF implements the Python interface to access and manipulate the GPU DataFrame of GPU Open Analytics Initiative (GoAi) [http://gpuopenanalytics.com/].  We aim to provide a simple interface that is similar to the Pandas DataFrame and hide the details of GPU programming.

Read more about GoAi and the GDF


Setup


Conda

You can get a minimal conda installation with Miniconda [https://conda.io/miniconda.html] or get the full installation with Anaconda [https://www.anaconda.com/download].

You can install and update PyGDF using the conda command:

conda install -c numba -c conda-forge -c gpuopenanalytics/label/dev -c defaults pygdf=0.1.0a2





You can create and activate a development environment using the conda command:

conda env create --name pygdf_dev --file conda_environments/testing_py35.yml
source activate pygdf_dev








Install from Source

To install PyGDF from source, clone the repository and run the python install command:

git clone https://github.com/gpuopenanalytics/pygdf.git
python setup.py install





Note: This assumes dependencies including libgdf [https://github.com/gpuopenanalytics/libgdf] are already installed, so it is recommended to use the conda environment.

A Dockerfile is provided for building and installing LibGDF and PyGDF from their respective master branches.

Note:


	We test with and recommended installing nvidia-docker2 [https://github.com/nvidia/nvidia-docker/wiki/Installation-(version-2.0)]


	Host’s installed nvidia driver must support >= the specified CUDA version (9.2 by default).


	Alternative CUDA_VERSION should be specified via Docker build-arg [https://docs.docker.com/engine/reference/commandline/build/#set-build-time-variables---build-arg] and as cudatoolkit version in conda_environments/gdf_build.yml


	Alternate branches for libgdf and pygdf may be specified as Docker build-args LIBGDF_REPO and PYGDF_REPO. See Dockerfile for example.


	Ubuntu 16.04 is the default OS for this container. Alternate OSes may be specified as Docker build-arg LINUX_VERSION. See list of available images [https://hub.docker.com/r/nvidia/cuda/].


	Python 3.6 is default, but other versions may be specified via PYTHON_VERSION build-arg


	GCC & G++ 5.x are default compiler versions, but other versions (which are supplied by the OS package manager) may be specified via CC and CXX build-args respectively




From pygdf project root, to build with defaults:

docker build -t pygdf .
...
 ---> ec65aaa3d4b1
 Successfully built ec65aaa3d4b1
 Successfully tagged pygdf:latest

docker run --runtime=nvidia -it pygdf bash
/# source activate gdf
(gdf) root@3f689ba9c842:/# python -c "import pygdf"
(gdf) root@3f689ba9c842:/# 








Pip

Currently, we don’t support pip install yet.  Please use conda for the time being.




Testing

This project uses py.test [https://docs.pytest.org/en/latest/].

In the source root directory and with the development environment activated, run:

py.test










Getting Started

Please see the Demo Docker Repository [https://github.com/gpuopenanalytics/demo-docker] for example notebooks on how you can utilize the GPU DataFrame.




GPU Open Analytics Initiative

The GPU Open Analytics Initiative (GoAi) seeks to foster and develop open collaboration between GPU analytics projects and products to enable data scientists to efficiently combine the best tools for their workflows. The first project of GoAi is the GPU DataFrame (GDF), which enables tabular data to be directly exchanged between libraries and applications on the GPU.




GPU DataFrame

The GPU DataFrame is a common API that enables efficient interchange of tabular data between processes running on the GPU. End-to-end computation on the GPU avoids unnecessary copying and converting of data off the GPU, reducing compute time and cost for high-performance analytics common in artificial intelligence workloads. The GPU DataFrame uses the Apache Arrow [https://arrow.apache.org/] columnar data format on the GPU. Currently, a subset of the features in Arrow are supported.
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Building Documentation

A basic python environment with packages listed in ./requirement.txt is
enough to build the docs.


Get additional dependency

pip install -r requirement.txt








Run makefile:

make html





Outputs to build/html/index.html
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Developer Documentation


Code Organization

This shows the basic code organization.

Currently, the repo is basically flat.  All implementations are directly under
under the pygdf/ directory.  All tests are in pygdf/tests/ directory.

Here’s a quick map to decide which file contains which feature:


	
	DataFrame:
	
	dataframe.py










	
	Series:
	
	series.py










	
	Column and its subclasses:
	
	column.py


	columnops.py


	numerical.py for numeric columns


	categorical.py for categorical columns










	
	Buffer:
	
	buffer.py










	
	.apply() and simliar functions:
	
	applyutils.py










	
	.query() and similar functions:
	
	queryutils.py










	
	libgdf helpers:
	
	_gdf.py










	
	GPU helper functions:
	
	cudautils.py










	
	Docstring helpers:
	
	docutils.py










	
	Output formating:
	
	formatting.py










	
	Arrow:
	
	gpuarrow.py










	
	Groupby:
	
	groupby.py










	
	Dask serialization helpers:
	
	serialize.py










	
	Index:
	
	index.py










	
	Operations on multiple DataFrame, Series or Indices:
	
	multi.py










	
	Other general helper functions:
	
	utils.py















Code that should move to libgdf

Code that should be re-implemented in libgdf in CUDA-C for better
reusability and performance.


	pygdf/cudautils.py contains a lot of GPU helper functions
that are jitted by numba with @cuda.jit into CUDA kernels.


All CUDA kernels in this file should be moved to libgdf if possible.






	Some logic in pygdf/groupby.py should be move to libgdf to make
groupby operation faster.  Some groupby aggregations are implemented with
@cuda.jit here.





Code that cannot move to libgdf

Some features requires the jit to be useful; e.g features that use
user-defined functions.  These features cannot be moved to libgdf.
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Welcome to pygdf’s documentation!
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PYGDF Groupby Usage



import numpy as np
from pygdf import DataFrame









Make a GPU dataframe with random data for showcasing the different way we can use groupby.



df = DataFrame()
nelem = 10**6  # A million item
df['key1'] = np.random.randint(0, 5, nelem)
df['key2'] = np.random.randint(0, 3, nelem)
df['val1'] = np.arange(1, 1 + nelem)
df['val2'] = np.random.random(nelem)











df.head().to_pandas()
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Notebook


Create conda environment for the notebook

The following instructions are tested on 64-bit linux only.

The following create an environment named “pycudf_notebook_py35” with all the necessary packages:

$ conda env create -f=../conda_environments/notebook_py35.yml





Or with a different environment name:

$ conda env create -f=../conda_environments/notebook_py35.yml -n <new_env_name>





Continue with the following steps using the conda environment
created.

source activate pycudf_notebook_py35








Launch notebook

$ jupyter notebook








Import data into MapD

Decompress the ipums_easy.csv.gz for sample data used by the notebook.

Using mapdql:


	create table ipums_easy with the content in
./create_table_ipums_easy.txt


	import CSV

COPY ipums_easy FROM './ipums_easy.csv';
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GPU Open Analytics Initiative: connect MapD to PyGDF to H2OAIGLM




In this demo, we will train 4000 regularized linear regression models on the U.S. Census dataset, with the goal to predict the income of a person, given approximately 10000 data points (such as age, occupation, zip code, etc.)




The dataset is about 2GB in memory (50k rows, 10k cols, single-precision floating-point values), so it fits onto the GPU memory.




By using multiple GPUs, we are able to speed up this process significantly, and can train about 40 models per second (on a DGX-1 with 8 GPUs)




Choose to Run or Run+Animate



# run=0: Choose not run h2oaiglm and just pass through all other cells
# run=1: Run h2oaiglm without animation
# Requirements: python3.5
run=1

# anim=0: Don't show animation
# anim=1: Do show animation
# pip install pandas psutil matplotlib --user
# pip install -e git+https://github.com/fbcotter/py3nvml#egg=py3nvml --user
anim=1

PWD = !pwd











import sys
import os.path
from pprint import pprint
import warnings
warnings.filterwarnings('ignore')









Add import path to MapD Thrift binding and Arrow schema



thirdparty_path = os.path.join(PWD[0], '..', 'thirdparty')
sys.path.append(thirdparty_path)
thirdparty_path








'/home/vinod/Downloads/pygdf/notebooks/../thirdparty'









If pygdf cannot be imported, uncomment code below:



pygdf_path = os.path.join(PWD[0], '..')
sys.path.append(pygdf_path)











import pygdf











from thrift.protocol import TBinaryProtocol
from thrift.protocol import TJSONProtocol
from thrift.transport import TSocket
from thrift.transport import THttpClient
from thrift.transport import TTransport











from mapd import MapD
from mapd import ttypes









MapD connection



def get_client(host_or_uri, port, http):
  if http:
    transport = THttpClient.THttpClient(host_or_uri)
    protocol = TJSONProtocol.TJSONProtocol(transport)
  else:
    socket = TSocket.TSocket(host_or_uri, port)
    transport = TTransport.TBufferedTransport(socket)
    protocol = TBinaryProtocol.TBinaryProtocol(transport)

  client = MapD.Client(protocol)
  transport.open()
  return client











db_name = 'mapd'
user_name = 'mapd'
passwd = 'HyperInteractive'
hostname = 'localhost'
portno = 9091

client = get_client(hostname, portno, False)
session = client.connect(user_name, passwd, db_name)
print('Connection complete')








Connection complete









The Query



columns = """
INCEARN,RECTYPE,IPUMS_YEAR,DATANUM,SERIAL,NUMPREC,SUBSAMP,HHWT,HHTYPE,REPWT,ADJUST,CPI99,REGION,STATEICP,STATEFIP,COUNTY,COUNTYFIPS,METRO,METAREA,METAREAD,MET2013,MET2013ERR,CITY,CITYERR,CITYPOP,PUMA,PUMARES2MIG,STRATA,PUMASUPR,CONSPUMA,CPUMA0010,APPAL,APPALD,HOMELAND,MET2003,CNTRY,GQ,GQTYPE,GQTYPED,FARM,OWNERSHP,OWNERSHPD,MORTGAGE,MORTGAG2,COMMUSE,FARMPROD,ACREHOUS,MORTAMT1,MORTAMT2,TAXINCL,INSINCL,PROPINSR,PROPTX99,OWNCOST,RENT,RENTGRS,RENTMEAL,CONDOFEE,MOBLHOME,MOBLHOM2,MOBLOAN,SECRES,SECRESMO,SECRESRE,COSTELEC,COSTGAS,COSTWATR,COSTFUEL,PUBHOUS,RENTSUB,HEATSUB,LUNCHSUB,FOODSTMP,FDSTPAMT,VALUEH,LINGISOL,VACANCY,KITCHEN,KITCHENORIG,FRIDGE,FRIDGEORIG,SINK,STOVE,ROOMS,ROOMSORIG,PLUMBING,HOTWATER,SHOWER,TOILET,BUILTYR,BUILTYR2,UNITSSTR,BEDROOMS,BEDROOMSORIG,PHONE,PHONEORIG,CILAPTOP,CIHAND,CIOTHCOMP,CINETHH,CIMODEM,CISAT,CIDSL,CIFIBER,CIBRDBND,CIDIAL,CIOTHSVC,FUELHEAT,VEHICLES,SSMC,NFAMS,NSUBFAM,NCOUPLES,NMOTHERS,NFATHERS,MULTGEN,MULTGEND,CBNSUBFAM,REPWT1,REPWT2,REPWT3,REPWT4,REPWT5,REPWT6,REPWT7,REPWT8,REPWT9,REPWT10,REPWT11,REPWT12,REPWT13,REPWT14,REPWT15,REPWT16,REPWT17,REPWT18,REPWT19,REPWT20,REPWT21,REPWT22,REPWT23,REPWT24,REPWT25,REPWT26,REPWT27,REPWT28,REPWT29,REPWT30,REPWT31,REPWT32,REPWT33,REPWT34,REPWT35,REPWT36,REPWT37,REPWT38,REPWT39,REPWT40,REPWT41,REPWT42,REPWT43,REPWT44,REPWT45,REPWT46,REPWT47,REPWT48,REPWT49,REPWT50,REPWT51,REPWT52,REPWT53,REPWT54,REPWT55,REPWT56,REPWT57,REPWT58,REPWT59,REPWT60,REPWT61,REPWT62,REPWT63,REPWT64,REPWT65,REPWT66,REPWT67,REPWT68,REPWT69,REPWT70,REPWT71,REPWT72,REPWT73,REPWT74,REPWT75,REPWT76,REPWT77,REPWT78,REPWT79,REPWT80,RESPMODE,PERNUM,PERWT,SLWT,REPWTP,FAMSIZE,NCHILD,NCHLT5,FAMUNIT,ELDCH,YNGCH,NSIBS,MOMLOC,STEPMOM,MOMRULE,POPLOC,STEPPOP,POPRULE,SPLOC,SPRULE,SUBFAM,SFTYPE,SFRELATE,CBSUBFAM,CBSFTYPE,CBSFRELATE,RELATE,RELATED,SEX,AGE,AGEORIG,BIRTHQTR,MARST,BIRTHYR,MARRNO,MARRINYR,YRMARR,DIVINYR,WIDINYR,FERTYR,RACE,RACED,HISPAN,HISPAND,BPL,BPLD,ANCESTR1,ANCESTR1D,ANCESTR2,ANCESTR2D,CITIZEN,YRNATUR,YRIMMIG,YRSUSA1,YRSUSA2,SPOKEN_LANGUAGE,LANGUAGED,SPEAKENG,TRIBE,TRIBED,RACESING,RACESINGD,RACAMIND,RACASIAN,RACBLK,RACPACIS,RACWHT,RACOTHER,RACNUM,SCHOOL,EDUC,EDUCD,GRADEATT,GRADEATTD,SCHLTYPE,DEGFIELD,DEGFIELDD,DEGFIELD2,DEGFIELD2D,EMPSTAT,EMPSTATD,LABFORCE,OCC,OCC1950,OCC1990,OCC2010,IND,IND1950,IND1990,CLASSWKR,CLASSWKRD,OCCSOC,INDNAICS,WKSWORK1,WKSWORK2,UHRSWORK,WRKLSTWK,ABSENT,LOOKING,AVAILBLE,WRKRECAL,WORKEDYR,POVERTY,OCCSCORE,SEI,HWSEI,PRESGL,PRENT,ERSCOR50,ERSCOR90,EDSCOR50,EDSCOR90,NPBOSS50,NPBOSS90,MIGRATE1,MIGRATE1D,MIGPLAC1,MIGMET1,MIGTYPE1,MIGCITY1,MIGPUMS1,MIGPUMA1,MOVEDIN,MOVEDINORIG,DISABWRK,VETDISAB,DIFFREM,DIFFPHYS,DIFFMOB,DIFFCARE,DIFFSENS,DIFFEYE,DIFFHEAR,VETSTAT,VETSTATD,VET01LTR,VET95X00,VET90X01,VET90X95,VET75X90,VET80X90,VET75X80,VETVIETN,VET55X64,VETKOREA,VET47X50,VETWWII,VETOTHER,VETYRS,PWSTATE2,PWMETRO,PWCITY,PWTYPE,PWPUMA00,PWPUMAS,TRANWORK,CARPOOL,RIDERS,TRANTIME,DEPARTS,ARRIVES,GCHOUSE,GCMONTHS,GCRESPON,PROBAI,PROBAPI,PROBBLK,PROBOTH,PROBWHT,REPWTP1,REPWTP2,REPWTP3,REPWTP4,REPWTP5,REPWTP6,REPWTP7,REPWTP8,REPWTP9,REPWTP10,REPWTP11,REPWTP12,REPWTP13,REPWTP14,REPWTP15,REPWTP16,REPWTP17,REPWTP18,REPWTP19,REPWTP20,REPWTP21,REPWTP22,REPWTP23,REPWTP24,REPWTP25,REPWTP26,REPWTP27,REPWTP28,REPWTP29,REPWTP30,REPWTP31,REPWTP32,REPWTP33,REPWTP34,REPWTP35,REPWTP36,REPWTP37,REPWTP38,REPWTP39,REPWTP40,REPWTP41,REPWTP42,REPWTP43,REPWTP44,REPWTP45,REPWTP46,REPWTP47,REPWTP48,REPWTP49,REPWTP50,REPWTP51,REPWTP52,REPWTP53,REPWTP54,REPWTP55,REPWTP56,REPWTP57,REPWTP58,REPWTP59,REPWTP60,REPWTP61,REPWTP62,REPWTP63,REPWTP64,REPWTP65,REPWTP66,REPWTP67,REPWTP68,REPWTP69,REPWTP70,REPWTP71,REPWTP72,REPWTP73,REPWTP74,REPWTP75,REPWTP76,REPWTP77,REPWTP78,REPWTP79,REPWTP80
""".strip()
print(len(columns.split(',')))








447











#query = "SELECT {} FROM ipums_easy WHERE INCEARN > 100;".format(columns)
# ensure sql query is deterministic
query = "SELECT {} FROM ipums_easy WHERE INCEARN > 100 order by SERIAL;".format(columns)
print('Query is : ' + query)

# always use True for is columnar
results = client.sql_execute_gpudf(session, query, device_id=0, first_n=-1)








Query is : SELECT INCEARN,RECTYPE,IPUMS_YEAR,DATANUM,SERIAL,NUMPREC,SUBSAMP,HHWT,HHTYPE,REPWT,ADJUST,CPI99,REGION,STATEICP,STATEFIP,COUNTY,COUNTYFIPS,METRO,METAREA,METAREAD,MET2013,MET2013ERR,CITY,CITYERR,CITYPOP,PUMA,PUMARES2MIG,STRATA,PUMASUPR,CONSPUMA,CPUMA0010,APPAL,APPALD,HOMELAND,MET2003,CNTRY,GQ,GQTYPE,GQTYPED,FARM,OWNERSHP,OWNERSHPD,MORTGAGE,MORTGAG2,COMMUSE,FARMPROD,ACREHOUS,MORTAMT1,MORTAMT2,TAXINCL,INSINCL,PROPINSR,PROPTX99,OWNCOST,RENT,RENTGRS,RENTMEAL,CONDOFEE,MOBLHOME,MOBLHOM2,MOBLOAN,SECRES,SECRESMO,SECRESRE,COSTELEC,COSTGAS,COSTWATR,COSTFUEL,PUBHOUS,RENTSUB,HEATSUB,LUNCHSUB,FOODSTMP,FDSTPAMT,VALUEH,LINGISOL,VACANCY,KITCHEN,KITCHENORIG,FRIDGE,FRIDGEORIG,SINK,STOVE,ROOMS,ROOMSORIG,PLUMBING,HOTWATER,SHOWER,TOILET,BUILTYR,BUILTYR2,UNITSSTR,BEDROOMS,BEDROOMSORIG,PHONE,PHONEORIG,CILAPTOP,CIHAND,CIOTHCOMP,CINETHH,CIMODEM,CISAT,CIDSL,CIFIBER,CIBRDBND,CIDIAL,CIOTHSVC,FUELHEAT,VEHICLES,SSMC,NFAMS,NSUBFAM,NCOUPLES,NMOTHERS,NFATHERS,MULTGEN,MULTGEND,CBNSUBFAM,REPWT1,REPWT2,REPWT3,REPWT4,REPWT5,REPWT6,REPWT7,REPWT8,REPWT9,REPWT10,REPWT11,REPWT12,REPWT13,REPWT14,REPWT15,REPWT16,REPWT17,REPWT18,REPWT19,REPWT20,REPWT21,REPWT22,REPWT23,REPWT24,REPWT25,REPWT26,REPWT27,REPWT28,REPWT29,REPWT30,REPWT31,REPWT32,REPWT33,REPWT34,REPWT35,REPWT36,REPWT37,REPWT38,REPWT39,REPWT40,REPWT41,REPWT42,REPWT43,REPWT44,REPWT45,REPWT46,REPWT47,REPWT48,REPWT49,REPWT50,REPWT51,REPWT52,REPWT53,REPWT54,REPWT55,REPWT56,REPWT57,REPWT58,REPWT59,REPWT60,REPWT61,REPWT62,REPWT63,REPWT64,REPWT65,REPWT66,REPWT67,REPWT68,REPWT69,REPWT70,REPWT71,REPWT72,REPWT73,REPWT74,REPWT75,REPWT76,REPWT77,REPWT78,REPWT79,REPWT80,RESPMODE,PERNUM,PERWT,SLWT,REPWTP,FAMSIZE,NCHILD,NCHLT5,FAMUNIT,ELDCH,YNGCH,NSIBS,MOMLOC,STEPMOM,MOMRULE,POPLOC,STEPPOP,POPRULE,SPLOC,SPRULE,SUBFAM,SFTYPE,SFRELATE,CBSUBFAM,CBSFTYPE,CBSFRELATE,RELATE,RELATED,SEX,AGE,AGEORIG,BIRTHQTR,MARST,BIRTHYR,MARRNO,MARRINYR,YRMARR,DIVINYR,WIDINYR,FERTYR,RACE,RACED,HISPAN,HISPAND,BPL,BPLD,ANCESTR1,ANCESTR1D,ANCESTR2,ANCESTR2D,CITIZEN,YRNATUR,YRIMMIG,YRSUSA1,YRSUSA2,SPOKEN_LANGUAGE,LANGUAGED,SPEAKENG,TRIBE,TRIBED,RACESING,RACESINGD,RACAMIND,RACASIAN,RACBLK,RACPACIS,RACWHT,RACOTHER,RACNUM,SCHOOL,EDUC,EDUCD,GRADEATT,GRADEATTD,SCHLTYPE,DEGFIELD,DEGFIELDD,DEGFIELD2,DEGFIELD2D,EMPSTAT,EMPSTATD,LABFORCE,OCC,OCC1950,OCC1990,OCC2010,IND,IND1950,IND1990,CLASSWKR,CLASSWKRD,OCCSOC,INDNAICS,WKSWORK1,WKSWORK2,UHRSWORK,WRKLSTWK,ABSENT,LOOKING,AVAILBLE,WRKRECAL,WORKEDYR,POVERTY,OCCSCORE,SEI,HWSEI,PRESGL,PRENT,ERSCOR50,ERSCOR90,EDSCOR50,EDSCOR90,NPBOSS50,NPBOSS90,MIGRATE1,MIGRATE1D,MIGPLAC1,MIGMET1,MIGTYPE1,MIGCITY1,MIGPUMS1,MIGPUMA1,MOVEDIN,MOVEDINORIG,DISABWRK,VETDISAB,DIFFREM,DIFFPHYS,DIFFMOB,DIFFCARE,DIFFSENS,DIFFEYE,DIFFHEAR,VETSTAT,VETSTATD,VET01LTR,VET95X00,VET90X01,VET90X95,VET75X90,VET80X90,VET75X80,VETVIETN,VET55X64,VETKOREA,VET47X50,VETWWII,VETOTHER,VETYRS,PWSTATE2,PWMETRO,PWCITY,PWTYPE,PWPUMA00,PWPUMAS,TRANWORK,CARPOOL,RIDERS,TRANTIME,DEPARTS,ARRIVES,GCHOUSE,GCMONTHS,GCRESPON,PROBAI,PROBAPI,PROBBLK,PROBOTH,PROBWHT,REPWTP1,REPWTP2,REPWTP3,REPWTP4,REPWTP5,REPWTP6,REPWTP7,REPWTP8,REPWTP9,REPWTP10,REPWTP11,REPWTP12,REPWTP13,REPWTP14,REPWTP15,REPWTP16,REPWTP17,REPWTP18,REPWTP19,REPWTP20,REPWTP21,REPWTP22,REPWTP23,REPWTP24,REPWTP25,REPWTP26,REPWTP27,REPWTP28,REPWTP29,REPWTP30,REPWTP31,REPWTP32,REPWTP33,REPWTP34,REPWTP35,REPWTP36,REPWTP37,REPWTP38,REPWTP39,REPWTP40,REPWTP41,REPWTP42,REPWTP43,REPWTP44,REPWTP45,REPWTP46,REPWTP47,REPWTP48,REPWTP49,REPWTP50,REPWTP51,REPWTP52,REPWTP53,REPWTP54,REPWTP55,REPWTP56,REPWTP57,REPWTP58,REPWTP59,REPWTP60,REPWTP61,REPWTP62,REPWTP63,REPWTP64,REPWTP65,REPWTP66,REPWTP67,REPWTP68,REPWTP69,REPWTP70,REPWTP71,REPWTP72,REPWTP73,REPWTP74,REPWTP75,REPWTP76,REPWTP77,REPWTP78,REPWTP79,REPWTP80 FROM ipums_easy WHERE INCEARN > 100 order by SERIAL;











from numba import cuda
from numba.cuda.cudadrv import drvapi











ipc_handle = drvapi.cu_ipc_mem_handle(*results.df_handle)
ipch = cuda.driver.IpcHandle(None, ipc_handle, size=results.df_size)
ctx = cuda.current_context()
dptr = ipch.open(ctx)

dptr








<numba.cuda.cudadrv.driver.OwnedPointer at 0x7f8253707ac8>









dptr is GPU memory containing the query result

Convert dptr into a GPU device ndarray (numpy array like object on GPU)



import numpy as np











dtype = np.dtype(np.byte)
darr = cuda.devicearray.DeviceNDArray(shape=dptr.size, strides=dtype.itemsize, dtype=dtype, gpu_data=dptr)









Use PyGDF to read the arrow metadata from the query



from pygdf.gpuarrow import GpuArrowReader











reader = GpuArrowReader(darr)









Wrap result in a Python CUDA DataFrame



from pygdf.dataframe import DataFrame











df = DataFrame(reader.to_dict().items())











df['INCEARN'].mean()








32876.621408045976









Preprocess the data



num_cols = set()
cat_cols = set()
response_set = set(['INCEARN'])
feature_names = set(df.columns) - response_set









Determine categorical and numeric columns.  Compute unique values from categorical columns.



uniques = {}
for k in feature_names:
    try:
        uniquevals = df[k].unique_k(k=1000)
        uniques[k] = uniquevals
    except ValueError:
        # more than 1000 unique values
        num_cols.add(k)
    else:
        # within 1000 unique values
        nunique = len(uniquevals)
        if nunique < 2:
            del df[k]        # drop constant column
        elif 1 < nunique < 1000:
            cat_cols.add(k)  # as cat column
        else:
            num_cols.add(k)  # as num column









Fix numeric columns.  Fill NA, Scale to [0, 1]. Drop near constant



for k in (num_cols - response_set):
    df[k] = df[k].fillna(df[k].mean())
    assert df[k].null_count == 0
    std = df[k].std()
    # drop near constant columns
    if not np.isfinite(std) or std < 1e-4:
        del df[k]
        print('drop near constant', k)
    else:
        df[k] = df[k].scale()









Expand categorical columns



for k in cat_cols:
    cats = uniques[k][1:]  # drop first
    df = df.one_hot_encoding(k, prefix=k, cats=cats)
    del df[k]









Ensure INCEARN is float64



nrows=len(df)
print(nrows)
df['intercept'] = np.ones(nrows, dtype=np.float64)








5568











df['INCEARN'] = df['INCEARN'].astype(np.float64)











# Print dtypes
{df[k].dtype for k in df.columns}








{dtype('float64')}









Create 60-40: training - testing



# Fraction for train (test is 1-FRACTION)
FRACTION=0.8
validFraction=1.0-FRACTION
n60 = int(len(df) * FRACTION)
print('60% of {} is {}'.format(len(df), n60))
train_df = df.loc[:n60]
if FRACTION<1.0:
    test_df = df.loc[n60:]
    print('train_df has {} rows | test_df has {} rows'.format(len(train_df), len(test_df)))
else:
    print('train_df has {} rows | test_df has {} rows'.format(len(train_df), 0))








60% of 5568 is 4454
train_df has 4454 rows | test_df has 1114 rows









Turn the dataframes into a matrix



train_data_mat = train_df.as_gpu_matrix(columns=df.columns[1:])
train_result_mat = train_df.as_gpu_matrix(columns=[df.columns[0]])
if FRACTION<1.0:
    test_data_mat = test_df.as_gpu_matrix(columns=df.columns[1:])
    test_result_mat = test_df.as_gpu_matrix(columns=[df.columns[0]])











#print(train_df.as_matrix(columns=[df.columns[0]]))











print(train_df['INCEARN'].mean())
if FRACTION<1.0:
    print(test_df['INCEARN'].mean())








33154.5410867
31765.4416517











print(train_data_mat.shape)
print(train_result_mat.shape)
if FRACTION<1.0:
    print(test_data_mat.shape)
    print(test_result_mat.shape)








(4454, 8550)
(4454, 1)
(1114, 8550)
(1114, 1)









Cleanup the IPC handle.

Note: .as_gpu_matrix() has created new copies; thus, we can close the IPC handle.



ipch.close()









The ctypes pointer to the gpu matrices



train_data_mat_ptr = train_data_mat.device_ctypes_pointer
train_result_mat_ptr = train_result_mat.device_ctypes_pointer
print('train_data_mat_ptr address', hex(train_data_mat_ptr.value))
print('train_result_mat_ptr address', hex(train_result_mat_ptr.value))
if FRACTION<1.0:
    test_data_mat_ptr = test_data_mat.device_ctypes_pointer
    test_result_mat_ptr = test_result_mat.device_ctypes_pointer
    print('test_data_mat_ptr address', hex(test_data_mat_ptr.value))
    print('test_result_mat_ptr address', hex(test_result_mat_ptr.value))








train_data_mat_ptr address 0x10323200000
train_result_mat_ptr address 0x1032300ae00
test_data_mat_ptr address 0x10335600000
test_result_mat_ptr address 0x1033a000000











import os
os.getcwd()








'/home/vinod/Downloads/pygdf/notebooks'












Import H2OAIGLM



# Load H2OAIGLM
import h2oaiglm as h2oaiglm
from ctypes import *
import time
if anim==1:
    import pandas as pd

a=c_void_p(train_data_mat_ptr.value)
b=c_void_p(train_result_mat_ptr.value)
if FRACTION<1.0:
    c=c_void_p(test_data_mat_ptr.value)
    d=c_void_p(test_result_mat_ptr.value)
else:
    c=c_void_p(0)
    d=c_void_p(0)








Loaded H2OAIGLM CPU library

Loaded H2OAIGLM GPU library.












Define some helper methods for plotting and running the algorithm



def new_alpha(row_fold):
    if row_fold == 0:
        return -0.025
    elif row_fold == 1:
        return -0.05
    elif row_fold == 3:
        return 0.025
    elif row_fold == 4:
        return 0.05
    else: return 0

def plot_cpu_perf(axis, cpu_labels, cpu_snapshot):
    axis.cla()
    axis.grid(False)
    axis.set_ylim([0,100])
    axis.set_ylabel('Percent', labelpad=2, fontsize = 14)
    axis.bar(cpu_labels, cpu_snapshot, color='dodgerblue')
    axis.set_title('CPU Utilization', fontsize = 16)
    
def plot_gpu_perf(axis, gpu_labels, gpu_snapshot):
    axis.cla()
    axis.grid(False)
    axis.set_ylim([0,100])
    axis.set_xticks(gpu_labels)
    axis.set_ylabel('Percent', labelpad=2, fontsize = 14)
    axis.bar(gpu_labels, gpu_snapshot, width =0.5, color = 'limegreen')
    axis.set_title('GPU Utilization', fontsize = 16)
    
def plot_glm_results(axis, results, best_rmse, cb):
    axis.cla()
    axis.set_xscale('log')
    axis.set_xlim([0.1, 1e9])
    axis.set_ylim([-0.12, 1.12])
    axis.set_yticks([x/7. for x in range(0,8)])
    axis.set_ylabel('Parameter 1:  '+r'$\alpha$', fontsize = 16)
    axis.set_xlabel('Parameter 2:  '+r'$\lambda$', fontsize = 16)
    num_models = min(4000,int(4000*results.shape[0]/2570))
    axis.set_title('Elastic Net Models Trained and Evaluated: ' + str(num_models), fontsize = 16)

    try:
        cm = ListedColormap(sns.color_palette("RdYlGn", 10).as_hex())
        cf = axis.scatter(results['lambda'], results['alpha_prime'], c=results['rel_acc'], 
                    cmap=cm, vmin=0, vmax=1)
        axis.plot(best_rmse['lambda'],best_rmse['alpha_prime'], 'o',
            ms=15, mec='k', mfc='none', mew=2)

        if not cb:
            cb = pl.colorbar(cf, ax=axis)
            cb.set_label('Relative  Validation  Accuracy', rotation=270, 
                         labelpad=18, fontsize = 16)   
        cb.update_normal(cf)
    except:
        #print("plot_glm_results exception -- no frame")
        pass

from py3nvml.py3nvml import *
%matplotlib inline
%config InlineBackend.figure_format = 'retina'
import seaborn as sns
sns.set_style("whitegrid")
import psutil
import numpy as np
import pylab as pl
from IPython import display
import matplotlib.gridspec as gridspec
from matplotlib.colors import ListedColormap
import sys
import subprocess
maxNGPUS = int(subprocess.check_output("nvidia-smi -L | wc -l", shell=True))
print("Maximum Number of GPUS:", maxNGPUS)

nvmlInit()
deviceCount = nvmlDeviceGetCount()
for i in range(deviceCount):
    handle = nvmlDeviceGetHandleByIndex(i)
    #print("Device {}: {}".format(i, nvmlDeviceGetName(handle)))
    #print ("Driver Version:", nvmlSystemGetDriverVersion())

import os
def RunAnimation(arg):
    deviceCount = arg
    file = os.getcwd() + "/rmse.txt"
    fig = pl.figure(figsize = (9,9))
    pl.rcParams['xtick.labelsize'] = 14
    pl.rcParams['ytick.labelsize'] = 14
    gs = gridspec.GridSpec(3, 2, wspace=0.3, hspace=0.4)
    ax1 = pl.subplot(gs[0,-2])
    ax2 = pl.subplot(gs[0,1])
    ax3 = pl.subplot(gs[1:,:])
    fig.suptitle('H2O.ai Machine Learning $-$ Generalized Linear Modeling', size=18)

    pl.gcf().subplots_adjust(bottom=0.2)

    cb = False
    os.system("mkdir -p images")
    i=0
    while(True):
        try:
            #cpu
            snapshot = psutil.cpu_percent(percpu=True)
            cpu_labels = range(1,len(snapshot)+1)
            plot_cpu_perf(ax1, cpu_labels, snapshot)
    
            #gpu
            gpu_snapshot = []
            gpu_labels = list(range(1,deviceCount+1))
            for j in range(deviceCount):
                handle = nvmlDeviceGetHandleByIndex(j)
                util = nvmlDeviceGetUtilizationRates(handle)
                gpu_snapshot.append(util.gpu)
            gpu_snapshot = gpu_snapshot   
            plot_gpu_perf(ax2, gpu_labels, gpu_snapshot)
    
            res = pd.read_csv(file, sep="\s+",header=None,names=['time','pass','fold','a','i','alpha','lambda','trainrmse','ivalidrmse','validrmse'])
            
            res['rel_acc'] = ((38000- res['validrmse'])/(38000-28000))
            res['alpha_prime'] = res['alpha'] + res['fold'].apply(lambda x: new_alpha(x))

            best = res.ix[res['rel_acc']==np.max(res['rel_acc']),:]
            plot_glm_results(ax3, res, best.tail(1), cb)
            # flag for colorbar to avoid redrawing
            cb = True

            # Add footnotes
            footnote_text = "*U.S. Census dataset (predict Income): 45k rows, 10k cols\nParameters: 5-fold cross-validation, " + r'$\alpha = \{\frac{i}{7},i=0\ldots7\}$' + ", "\
   'full $\lambda$-' + "search"
            #pl.figtext(.05, -.04, footnote_text, fontsize = 14,)
            pl.annotate(footnote_text, (0,0), (-30, -50), fontsize = 12,
                        xycoords='axes fraction', textcoords='offset points', va='top')

            #update the graphics
            display.display(pl.gcf())
            display.clear_output(wait=True)
            time.sleep(0.01)

            #save the images
            saveimage=0
            if saveimage:
                file_name = './images/glm_run_%04d.png' % (i,)
                pl.savefig(file_name, dpi=200)
            i=i+1
        
        except KeyboardInterrupt:
            break
        #except:
        #    #print("Could not Create Frame")
        #    pass








Maximum Number of GPUS: 2












Choose Data Size and Order and How was processed for H2OAIGLM



intercept = 1 #
standardize = 0
n=train_data_mat.shape[1]
mTrain=train_data_mat.shape[0]
if FRACTION<1.0:
    mValid=test_data_mat.shape[0]
else:
    mValid=0
print("n=%d mTrain=%d mValid=%d" % (n,mTrain,mValid))
# Order of data
fortran = 1
print("fortran=%d" % (fortran))
result={df[k].dtype for k in df.columns}
print(result)
print(fortran)
if result.pop() == np.dtype('float64'):
    print("double precision")
    precision=1
else:
    print("single precision")
    precision=0








n=8550 mTrain=4454 mValid=1114
fortran=1
{dtype('float64')}
1
double precision












Help function to use Mapd->pygdf data pointers in GPU on H2OAIGLM



def RunH2Oaiglm(arg):
    intercept,standardize, lambda_min_ratio, nFolds, nAlphas, nLambdas, nGPUs = arg
    
        # set solver cpu/gpu according to input args
    if((nGPUs>0) and (h2oaiglm.ElasticNetSolverGPU is None)):
        print("\nGPU solver unavailable, using CPU solver\n")
        nGPUs=0

    sharedA = 0
    sourceme = 0
    sourceDev = 0
    nThreads = 1 if(nGPUs==0) else nGPUs # not required number of threads, but normal.  Bit more optimal to use 2 threads for CPU, but 1 thread per GPU is optimal.

    #print("Setting up Solver")
    os.system("rm -f rmse.txt ; touch rmse.txt ; rm -f varimp.txt ; touch varimp.txt")
    Solver = h2oaiglm.ElasticNetSolverGPU if(nGPUs>0) else h2oaiglm.ElasticNetSolverCPU


    #  Solver = h2oaiglm.ElasticNetSolverCPU
    assert Solver != None, "Couldn't instantiate ElasticNetSolver"
    enet = Solver(sharedA, nThreads, nGPUs, 'c' if fortran else 'r', intercept, standardize, lambda_min_ratio, nLambdas, nFolds, nAlphas)

    # Not using weights
    e=c_void_p(0)

    print("Solving")
    ## Solve
    t0 = time.time()
    print("vars: %d %d %d %d %d %d %d" % (sourceDev, mTrain, n, mValid, intercept, standardize, precision))
    enet.fit(sourceDev, mTrain, n, mValid, intercept, standardize, precision, a, b, c, d, e)
    t1 = time.time()
    print("Done Solving")
    print("Time to train H2O AI GLM: %r" % (t1-t0))












Train 4000 Elastic Net Models (5-fold cross-validation, 8 \(\alpha\) values, 100 \(\lambda\) values)



lambda_min_ratio=1E-9
nFolds=5
nAlphas=8
nLambdas=100
nGPUs=maxNGPUS # choose all GPUs


if run==1 and anim==0:
    # Run Model
    arg = intercept,standardize, lambda_min_ratio, nFolds, nAlphas, nLambdas, nGPUs 
    RunH2Oaiglm(arg)

if run==1 and anim==1:
    from threading import Thread

    # Run Model
    arg = intercept,standardize, lambda_min_ratio, nFolds, nAlphas, nLambdas, nGPUs 
    background_thread = Thread(target=RunH2Oaiglm, args=(arg,))
    background_thread.start()









[image: ScreenShot]



if run==1 and anim==1:
    # Show Animation
    arg = nGPUs
    RunAnimation(arg)








[image: ../../../../../_images/mapd_to_pygdf_to_h2oaiglm_66_0.png]
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  Test MapD->PyGDF->matrix



PWD = !pwd











import sys
import os.path









Add import path to MapD Thrift binding



mapd_thrift_path = os.path.join(PWD[0], 'gen-py')
sys.path.append(mapd_thrift_path)









Add import path to Arrow Schema



arrow_schema_path = os.path.join(PWD[0], 'arrow_schema')
sys.path.append(arrow_schema_path)











from thrift.protocol import TBinaryProtocol
from thrift.protocol import TJSONProtocol
from thrift.transport import TSocket
from thrift.transport import THttpClient
from thrift.transport import TTransport











from mapd import MapD
from mapd import ttypes









MapD connection



def get_client(host_or_uri, port, http):
  if http:
    transport = THttpClient.THttpClient(host_or_uri)
    protocol = TJSONProtocol.TJSONProtocol(transport)
  else:
    socket = TSocket.TSocket(host_or_uri, port)
    transport = TTransport.TBufferedTransport(socket)
    protocol = TBinaryProtocol.TBinaryProtocol(transport)

  client = MapD.Client(protocol)
  transport.open()
  return client











db_name = 'mapd'
user_name = 'mapd'
passwd = 'HyperInteractive'
hostname = 'localhost'
portno = 9091

client = get_client(hostname, portno, False)
session = client.connect(user_name, passwd, db_name)
print('Connection complete')








Connection complete









The Query



query = 'select dest_lat, dest_lon from flights_2008_7M limit 23;'
print('Query is : ' + query)

# always use True for is columnar
results = client.sql_execute_cudf(session, query, device_id=0, first_n=-1)








Query is : select dest_lat, dest_lon from flights_2008_7M limit 23;











results








TCuDataFrame(schema=b'\x10\x00\x00\x00\x0c\x00\x0e\x00\x06\x00\x05\x00\x08\x00\x00\x00\x0c\x00\x00\x00\x00\x01\x01\x00\x10\x00\x00\x00\x00\x00\n\x00\x08\x00\x00\x00\x04\x00\x00\x00\n\x00\x00\x00\x04\x00\x00\x00\x02\x00\x00\x00l\x00\x00\x00\x04\x00\x00\x00\xb0\xff\xff\xff\x00\x00\x01\x038\x00\x00\x00\x1c\x00\x00\x00\x14\x00\x00\x00\x04\x00\x00\x00\x02\x00\x00\x00\x1c\x00\x00\x00\x10\x00\x00\x00\x00\x00\x00\x00\x9a\xff\xff\xff\x00\x00\x01\x00\x8c\xff\xff\xff \x00\x01\x00\x94\xff\xff\xff\x01\x00\x02\x00\x08\x00\x00\x00dest_lon\x00\x00\x00\x00\x14\x00\x18\x00\x08\x00\x06\x00\x07\x00\x0c\x00\x00\x00\x10\x00\x14\x00\x00\x00\x14\x00\x00\x00\x00\x00\x01\x03H\x00\x00\x00$\x00\x00\x00\x14\x00\x00\x00\x04\x00\x00\x00\x02\x00\x00\x00,\x00\x00\x00\x18\x00\x00\x00\x00\x00\x00\x00\x00\x00\x06\x00\x08\x00\x06\x00\x06\x00\x00\x00\x00\x00\x01\x00\xf8\xff\xff\xff \x00\x01\x00\x08\x00\x08\x00\x04\x00\x06\x00\x08\x00\x00\x00\x01\x00\x02\x00\x08\x00\x00\x00dest_lat\x00\x00\x00\x00', df_handle=b'\xb0\xa8\x84\x04\x00\x00\x00\x00\xb6m\x00\x00\x00\x00\x00\x00\xe0\x02\x00\x00\x00\x00\x00\x00\x00\x00 \x00\x00\x00\x00\x00\x00\x08\x00\x00\x00\x00\x00\x00\x00\x04\x00\x00\x00\x00\x00\x00@\x00\x00\x00\x00\x00\x00\x00\xb0\x00\xd0\xc1\xaa\x00\x00\\', df_size=736)









Use Numba to access the IPC memory handle

Note: this requires numba 0.32.0 + PR #2023

git clone https://github.com/numba/numba
cd numba
git fetch origin pull/2023/merge:pr/2023
git checkout pr/2023







from numba import cuda
from numba.cuda.cudadrv import drvapi











ipc_handle = drvapi.cu_ipc_mem_handle(*results.df_handle)











ipch = cuda.driver.IpcHandle(None, ipc_handle, size=results.df_size)











ctx = cuda.current_context()











dptr = ipch.open(ctx)











dptr








<numba.cuda.cudadrv.driver.OwnedPointer at 0x7eff4a3cba58>









dptr is GPU memory containing the query result

Convert dptr into a GPU device ndarray (numpy array like object on GPU)



import numpy as np











dtype = np.dtype(np.byte)
darr = cuda.devicearray.DeviceNDArray(shape=dptr.size, strides=dtype.itemsize, dtype=dtype, gpu_data=dptr)









Use PyGDF to read the arrow metadata from the query



from pygdf.gpuarrow import GpuArrowReader











reader = GpuArrowReader(darr)











reader.to_dict()








OrderedDict([('dest_lat',
              <numba.cuda.cudadrv.devicearray.DeviceNDArray at 0x7eff42b9a710>),
             ('dest_lon',
              <numba.cuda.cudadrv.devicearray.DeviceNDArray at 0x7eff42b90d68>)])









Wrap result in a Python CUDA DataFrame



from pygdf.dataframe import DataFrame











df = DataFrame()
for k, v in reader.to_dict().items():
    df[k] = v











df.columns, len(df)








(('dest_lat', 'dest_lon'), 23)









Turn the dataframe into a matrix



gpu_matrix = df.as_gpu_matrix()









The ctypes pointer to the gpu matrix



ctypes_ptr = gpu_matrix.device_ctypes_pointer











print('address value as integer', hex(ctypes_ptr.value))








address value as integer 0x1020a800000









Get numpy array for the matrix



gpu_matrix.copy_to_host()








array([[  33.43416595, -112.00805664],
       [  40.49146652,  -80.23287201],
       [  41.72399902,  -71.42822266],
       [  36.08036041, -115.15233612],
       [  41.72399902,  -71.42822266],
       [  37.72129059, -122.22071838],
       [  38.17438889,  -85.73600006],
       [  37.72129059, -122.22071838],
       [  38.17438889,  -85.73600006],
       [  45.58872223, -122.59750366],
       [  38.74768829,  -90.35999298],
       [  47.44898224, -122.30931091],
       [  38.74768829,  -90.35999298],
       [  47.44898224, -122.30931091],
       [  32.84711456,  -96.85176849],
       [  47.44898224, -122.30931091],
       [  29.64541817,  -95.27889252],
       [  40.7883873 , -111.97777557],
       [  29.64541817,  -95.27889252],
       [  30.19453239,  -97.66986847],
       [  29.64541817,  -95.27889252],
       [  30.19453239,  -97.66986847],
       [  33.43416595, -112.00805664]], dtype=float32)









Cleanup the IPC handle



ipch.close()
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  This notebook assumes to be launched inside the source root and it uses relative path to obtain other resources.

Test MapD->PyGDF->matrix



PWD = !pwd











import sys
import os.path
from pprint import pprint









Add import path to MapD Thrift binding and Arrow schema



thirdparty_path = os.path.join(PWD[0], '..', 'thirdparty')
sys.path.append(thirdparty_path)
thirdparty_path








'/home/appuser/pygdf/notebooks/../thirdparty'









If pygdf cannot be imported, uncomment code below:



# pygdf_path = os.path.join(PWD[0], '..')
# sys.path.append(pygdf_path)











import pygdf











from thrift.protocol import TBinaryProtocol
from thrift.protocol import TJSONProtocol
from thrift.transport import TSocket
from thrift.transport import THttpClient
from thrift.transport import TTransport











from mapd import MapD
from mapd import ttypes









MapD connection



def get_client(host_or_uri, port, http):
  if http:
    transport = THttpClient.THttpClient(host_or_uri)
    protocol = TJSONProtocol.TJSONProtocol(transport)
  else:
    socket = TSocket.TSocket(host_or_uri, port)
    transport = TTransport.TBufferedTransport(socket)
    protocol = TBinaryProtocol.TBinaryProtocol(transport)

  client = MapD.Client(protocol)
  transport.open()
  return client











db_name = 'mapd'
user_name = 'mapd'
passwd = 'HyperInteractive'
hostname = 'localhost'
portno = 9091

client = get_client(hostname, portno, False)
session = client.connect(user_name, passwd, db_name)
print('Connection complete')








Connection complete









The Query



columns = """
INCEARN,RECTYPE,IPUMS_YEAR,DATANUM,SERIAL,NUMPREC,SUBSAMP,HHWT,HHTYPE,REPWT,ADJUST,CPI99,REGION,STATEICP,STATEFIP,COUNTY,COUNTYFIPS,METRO,METAREA,METAREAD,MET2013,MET2013ERR,CITY,CITYERR,CITYPOP,PUMA,PUMARES2MIG,STRATA,PUMASUPR,CONSPUMA,CPUMA0010,APPAL,APPALD,HOMELAND,MET2003,CNTRY,GQ,GQTYPE,GQTYPED,FARM,OWNERSHP,OWNERSHPD,MORTGAGE,MORTGAG2,COMMUSE,FARMPROD,ACREHOUS,MORTAMT1,MORTAMT2,TAXINCL,INSINCL,PROPINSR,PROPTX99,OWNCOST,RENT,RENTGRS,RENTMEAL,CONDOFEE,MOBLHOME,MOBLHOM2,MOBLOAN,SECRES,SECRESMO,SECRESRE,COSTELEC,COSTGAS,COSTWATR,COSTFUEL,PUBHOUS,RENTSUB,HEATSUB,LUNCHSUB,FOODSTMP,FDSTPAMT,VALUEH,LINGISOL,VACANCY,KITCHEN,KITCHENORIG,FRIDGE,FRIDGEORIG,SINK,STOVE,ROOMS,ROOMSORIG,PLUMBING,HOTWATER,SHOWER,TOILET,BUILTYR,BUILTYR2,UNITSSTR,BEDROOMS,BEDROOMSORIG,PHONE,PHONEORIG,CILAPTOP,CIHAND,CIOTHCOMP,CINETHH,CIMODEM,CISAT,CIDSL,CIFIBER,CIBRDBND,CIDIAL,CIOTHSVC,FUELHEAT,VEHICLES,SSMC,NFAMS,NSUBFAM,NCOUPLES,NMOTHERS,NFATHERS,MULTGEN,MULTGEND,CBNSUBFAM,REPWT1,REPWT2,REPWT3,REPWT4,REPWT5,REPWT6,REPWT7,REPWT8,REPWT9,REPWT10,REPWT11,REPWT12,REPWT13,REPWT14,REPWT15,REPWT16,REPWT17,REPWT18,REPWT19,REPWT20,REPWT21,REPWT22,REPWT23,REPWT24,REPWT25,REPWT26,REPWT27,REPWT28,REPWT29,REPWT30,REPWT31,REPWT32,REPWT33,REPWT34,REPWT35,REPWT36,REPWT37,REPWT38,REPWT39,REPWT40,REPWT41,REPWT42,REPWT43,REPWT44,REPWT45,REPWT46,REPWT47,REPWT48,REPWT49,REPWT50,REPWT51,REPWT52,REPWT53,REPWT54,REPWT55,REPWT56,REPWT57,REPWT58,REPWT59,REPWT60,REPWT61,REPWT62,REPWT63,REPWT64,REPWT65,REPWT66,REPWT67,REPWT68,REPWT69,REPWT70,REPWT71,REPWT72,REPWT73,REPWT74,REPWT75,REPWT76,REPWT77,REPWT78,REPWT79,REPWT80,RESPMODE,PERNUM,PERWT,SLWT,REPWTP,FAMSIZE,NCHILD,NCHLT5,FAMUNIT,ELDCH,YNGCH,NSIBS,MOMLOC,STEPMOM,MOMRULE,POPLOC,STEPPOP,POPRULE,SPLOC,SPRULE,SUBFAM,SFTYPE,SFRELATE,CBSUBFAM,CBSFTYPE,CBSFRELATE,RELATE,RELATED,SEX,AGE,AGEORIG,BIRTHQTR,MARST,BIRTHYR,MARRNO,MARRINYR,YRMARR,DIVINYR,WIDINYR,FERTYR,RACE,RACED,HISPAN,HISPAND,BPL,BPLD,ANCESTR1,ANCESTR1D,ANCESTR2,ANCESTR2D,CITIZEN,YRNATUR,YRIMMIG,YRSUSA1,YRSUSA2,SPOKEN_LANGUAGE,LANGUAGED,SPEAKENG,TRIBE,TRIBED,RACESING,RACESINGD,RACAMIND,RACASIAN,RACBLK,RACPACIS,RACWHT,RACOTHER,RACNUM,SCHOOL,EDUC,EDUCD,GRADEATT,GRADEATTD,SCHLTYPE,DEGFIELD,DEGFIELDD,DEGFIELD2,DEGFIELD2D,EMPSTAT,EMPSTATD,LABFORCE,OCC,OCC1950,OCC1990,OCC2010,IND,IND1950,IND1990,CLASSWKR,CLASSWKRD,OCCSOC,INDNAICS,WKSWORK1,WKSWORK2,UHRSWORK,WRKLSTWK,ABSENT,LOOKING,AVAILBLE,WRKRECAL,WORKEDYR,POVERTY,OCCSCORE,SEI,HWSEI,PRESGL,PRENT,ERSCOR50,ERSCOR90,EDSCOR50,EDSCOR90,NPBOSS50,NPBOSS90,MIGRATE1,MIGRATE1D,MIGPLAC1,MIGMET1,MIGTYPE1,MIGCITY1,MIGPUMS1,MIGPUMA1,MOVEDIN,MOVEDINORIG,DISABWRK,VETDISAB,DIFFREM,DIFFPHYS,DIFFMOB,DIFFCARE,DIFFSENS,DIFFEYE,DIFFHEAR,VETSTAT,VETSTATD,VET01LTR,VET95X00,VET90X01,VET90X95,VET75X90,VET80X90,VET75X80,VETVIETN,VET55X64,VETKOREA,VET47X50,VETWWII,VETOTHER,VETYRS,PWSTATE2,PWMETRO,PWCITY,PWTYPE,PWPUMA00,PWPUMAS,TRANWORK,CARPOOL,RIDERS,TRANTIME,DEPARTS,ARRIVES,GCHOUSE,GCMONTHS,GCRESPON,PROBAI,PROBAPI,PROBBLK,PROBOTH,PROBWHT,REPWTP1,REPWTP2,REPWTP3,REPWTP4,REPWTP5,REPWTP6,REPWTP7,REPWTP8,REPWTP9,REPWTP10,REPWTP11,REPWTP12,REPWTP13,REPWTP14,REPWTP15,REPWTP16,REPWTP17,REPWTP18,REPWTP19,REPWTP20,REPWTP21,REPWTP22,REPWTP23,REPWTP24,REPWTP25,REPWTP26,REPWTP27,REPWTP28,REPWTP29,REPWTP30,REPWTP31,REPWTP32,REPWTP33,REPWTP34,REPWTP35,REPWTP36,REPWTP37,REPWTP38,REPWTP39,REPWTP40,REPWTP41,REPWTP42,REPWTP43,REPWTP44,REPWTP45,REPWTP46,REPWTP47,REPWTP48,REPWTP49,REPWTP50,REPWTP51,REPWTP52,REPWTP53,REPWTP54,REPWTP55,REPWTP56,REPWTP57,REPWTP58,REPWTP59,REPWTP60,REPWTP61,REPWTP62,REPWTP63,REPWTP64,REPWTP65,REPWTP66,REPWTP67,REPWTP68,REPWTP69,REPWTP70,REPWTP71,REPWTP72,REPWTP73,REPWTP74,REPWTP75,REPWTP76,REPWTP77,REPWTP78,REPWTP79,REPWTP80
""".strip()
print(len(columns.split(',')))
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query = "SELECT {} FROM ipums_easy WHERE INCEARN > 100;".format(columns)
print('Query is : ' + query)

# always use True for is columnar
results = client.sql_execute_cudf(session, query, device_id=0, first_n=-1)








Query is : SELECT INCEARN,RECTYPE,IPUMS_YEAR,DATANUM,SERIAL,NUMPREC,SUBSAMP,HHWT,HHTYPE,REPWT,ADJUST,CPI99,REGION,STATEICP,STATEFIP,COUNTY,COUNTYFIPS,METRO,METAREA,METAREAD,MET2013,MET2013ERR,CITY,CITYERR,CITYPOP,PUMA,PUMARES2MIG,STRATA,PUMASUPR,CONSPUMA,CPUMA0010,APPAL,APPALD,HOMELAND,MET2003,CNTRY,GQ,GQTYPE,GQTYPED,FARM,OWNERSHP,OWNERSHPD,MORTGAGE,MORTGAG2,COMMUSE,FARMPROD,ACREHOUS,MORTAMT1,MORTAMT2,TAXINCL,INSINCL,PROPINSR,PROPTX99,OWNCOST,RENT,RENTGRS,RENTMEAL,CONDOFEE,MOBLHOME,MOBLHOM2,MOBLOAN,SECRES,SECRESMO,SECRESRE,COSTELEC,COSTGAS,COSTWATR,COSTFUEL,PUBHOUS,RENTSUB,HEATSUB,LUNCHSUB,FOODSTMP,FDSTPAMT,VALUEH,LINGISOL,VACANCY,KITCHEN,KITCHENORIG,FRIDGE,FRIDGEORIG,SINK,STOVE,ROOMS,ROOMSORIG,PLUMBING,HOTWATER,SHOWER,TOILET,BUILTYR,BUILTYR2,UNITSSTR,BEDROOMS,BEDROOMSORIG,PHONE,PHONEORIG,CILAPTOP,CIHAND,CIOTHCOMP,CINETHH,CIMODEM,CISAT,CIDSL,CIFIBER,CIBRDBND,CIDIAL,CIOTHSVC,FUELHEAT,VEHICLES,SSMC,NFAMS,NSUBFAM,NCOUPLES,NMOTHERS,NFATHERS,MULTGEN,MULTGEND,CBNSUBFAM,REPWT1,REPWT2,REPWT3,REPWT4,REPWT5,REPWT6,REPWT7,REPWT8,REPWT9,REPWT10,REPWT11,REPWT12,REPWT13,REPWT14,REPWT15,REPWT16,REPWT17,REPWT18,REPWT19,REPWT20,REPWT21,REPWT22,REPWT23,REPWT24,REPWT25,REPWT26,REPWT27,REPWT28,REPWT29,REPWT30,REPWT31,REPWT32,REPWT33,REPWT34,REPWT35,REPWT36,REPWT37,REPWT38,REPWT39,REPWT40,REPWT41,REPWT42,REPWT43,REPWT44,REPWT45,REPWT46,REPWT47,REPWT48,REPWT49,REPWT50,REPWT51,REPWT52,REPWT53,REPWT54,REPWT55,REPWT56,REPWT57,REPWT58,REPWT59,REPWT60,REPWT61,REPWT62,REPWT63,REPWT64,REPWT65,REPWT66,REPWT67,REPWT68,REPWT69,REPWT70,REPWT71,REPWT72,REPWT73,REPWT74,REPWT75,REPWT76,REPWT77,REPWT78,REPWT79,REPWT80,RESPMODE,PERNUM,PERWT,SLWT,REPWTP,FAMSIZE,NCHILD,NCHLT5,FAMUNIT,ELDCH,YNGCH,NSIBS,MOMLOC,STEPMOM,MOMRULE,POPLOC,STEPPOP,POPRULE,SPLOC,SPRULE,SUBFAM,SFTYPE,SFRELATE,CBSUBFAM,CBSFTYPE,CBSFRELATE,RELATE,RELATED,SEX,AGE,AGEORIG,BIRTHQTR,MARST,BIRTHYR,MARRNO,MARRINYR,YRMARR,DIVINYR,WIDINYR,FERTYR,RACE,RACED,HISPAN,HISPAND,BPL,BPLD,ANCESTR1,ANCESTR1D,ANCESTR2,ANCESTR2D,CITIZEN,YRNATUR,YRIMMIG,YRSUSA1,YRSUSA2,SPOKEN_LANGUAGE,LANGUAGED,SPEAKENG,TRIBE,TRIBED,RACESING,RACESINGD,RACAMIND,RACASIAN,RACBLK,RACPACIS,RACWHT,RACOTHER,RACNUM,SCHOOL,EDUC,EDUCD,GRADEATT,GRADEATTD,SCHLTYPE,DEGFIELD,DEGFIELDD,DEGFIELD2,DEGFIELD2D,EMPSTAT,EMPSTATD,LABFORCE,OCC,OCC1950,OCC1990,OCC2010,IND,IND1950,IND1990,CLASSWKR,CLASSWKRD,OCCSOC,INDNAICS,WKSWORK1,WKSWORK2,UHRSWORK,WRKLSTWK,ABSENT,LOOKING,AVAILBLE,WRKRECAL,WORKEDYR,POVERTY,OCCSCORE,SEI,HWSEI,PRESGL,PRENT,ERSCOR50,ERSCOR90,EDSCOR50,EDSCOR90,NPBOSS50,NPBOSS90,MIGRATE1,MIGRATE1D,MIGPLAC1,MIGMET1,MIGTYPE1,MIGCITY1,MIGPUMS1,MIGPUMA1,MOVEDIN,MOVEDINORIG,DISABWRK,VETDISAB,DIFFREM,DIFFPHYS,DIFFMOB,DIFFCARE,DIFFSENS,DIFFEYE,DIFFHEAR,VETSTAT,VETSTATD,VET01LTR,VET95X00,VET90X01,VET90X95,VET75X90,VET80X90,VET75X80,VETVIETN,VET55X64,VETKOREA,VET47X50,VETWWII,VETOTHER,VETYRS,PWSTATE2,PWMETRO,PWCITY,PWTYPE,PWPUMA00,PWPUMAS,TRANWORK,CARPOOL,RIDERS,TRANTIME,DEPARTS,ARRIVES,GCHOUSE,GCMONTHS,GCRESPON,PROBAI,PROBAPI,PROBBLK,PROBOTH,PROBWHT,REPWTP1,REPWTP2,REPWTP3,REPWTP4,REPWTP5,REPWTP6,REPWTP7,REPWTP8,REPWTP9,REPWTP10,REPWTP11,REPWTP12,REPWTP13,REPWTP14,REPWTP15,REPWTP16,REPWTP17,REPWTP18,REPWTP19,REPWTP20,REPWTP21,REPWTP22,REPWTP23,REPWTP24,REPWTP25,REPWTP26,REPWTP27,REPWTP28,REPWTP29,REPWTP30,REPWTP31,REPWTP32,REPWTP33,REPWTP34,REPWTP35,REPWTP36,REPWTP37,REPWTP38,REPWTP39,REPWTP40,REPWTP41,REPWTP42,REPWTP43,REPWTP44,REPWTP45,REPWTP46,REPWTP47,REPWTP48,REPWTP49,REPWTP50,REPWTP51,REPWTP52,REPWTP53,REPWTP54,REPWTP55,REPWTP56,REPWTP57,REPWTP58,REPWTP59,REPWTP60,REPWTP61,REPWTP62,REPWTP63,REPWTP64,REPWTP65,REPWTP66,REPWTP67,REPWTP68,REPWTP69,REPWTP70,REPWTP71,REPWTP72,REPWTP73,REPWTP74,REPWTP75,REPWTP76,REPWTP77,REPWTP78,REPWTP79,REPWTP80 FROM ipums_easy WHERE INCEARN > 100;











results
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Use Numba to access the IPC memory handle

Note: this requires numba 0.32.0 + PR #2023

git clone https://github.com/numba/numba
cd numba
git fetch origin pull/2023/merge:pr/2023
git checkout pr/2023

python setup.py install







from numba import cuda
from numba.cuda.cudadrv import drvapi











ipc_handle = drvapi.cu_ipc_mem_handle(*results.df_handle)
ipch = cuda.driver.IpcHandle(None, ipc_handle, size=results.df_size)
ctx = cuda.current_context()
dptr = ipch.open(ctx)

dptr








<numba.cuda.cudadrv.driver.OwnedPointer at 0x7fa87c8fa240>









dptr is GPU memory containing the query result

Convert dptr into a GPU device ndarray (numpy array like object on GPU)



import numpy as np











dtype = np.dtype(np.byte)
darr = cuda.devicearray.DeviceNDArray(shape=dptr.size, strides=dtype.itemsize, dtype=dtype, gpu_data=dptr)









Use PyGDF to read the arrow metadata from the query



from pygdf.gpuarrow import GpuArrowReader











reader = GpuArrowReader(darr)









Wrap result in a Python CUDA DataFrame



from pygdf.dataframe import DataFrame











df = DataFrame(reader.to_dict().items())









Preprocess the data



num_cols = set()
cat_cols = set()
response_set = set(['INCEARN'])
feature_names = set(df.columns) - response_set









Determine categorical and numeric columns.  Compute unique values from categorical columns.



uniques = {}
for k in feature_names:
    try:
        uniquevals = df[k].unique_k(k=1000)
        uniques[k] = uniquevals
    except ValueError:
        # more than 1000 unique values
        num_cols.add(k)
    else:
        # within 1000 unique values
        nunique = len(uniquevals)
        if nunique < 2:
            del df[k]        # drop constant column
        elif 1 < nunique < 1000:
            cat_cols.add(k)  # as cat column
        else:
            num_cols.add(k)  # as num column









Fix numeric columns.  Fill NA, Scale to [0, 1]. Drop near constant



for k in (num_cols - response_set):
    df[k] = df[k].fillna(df[k].mean())
    assert df[k].null_count == 0
    std = df[k].std()
    # drop near constant columns
    if not np.isfinite(std) or std < 1e-4:
        del df[k]
        print('drop near constant', k)
    else:
        df[k] = df[k].scale()









Expand categorical columns



for k in cat_cols:
    cats = uniques[k][1:]  # drop first
    df = df.one_hot_encoding(k, prefix=k, cats=cats)
    del df[k]









Ensure INCEARN is float64



df['INCEARN'] = df['INCEARN'].astype(np.float64)











# Print dtypes
{df[k].dtype for k in df.columns}








{dtype('float64')}









Turn the dataframe into a matrix



gpu_matrix = df.as_gpu_matrix()









The ctypes pointer to the gpu matrix



ctypes_ptr = gpu_matrix.device_ctypes_pointer











print('address value as integer', hex(ctypes_ptr.value))








address value as integer 0x10223000000









Get numpy array for the matrix



host_matrix = gpu_matrix.copy_to_host()











host_matrix.shape








(5568, 8550)









Cleanup the IPC handle



ipch.close()










    

    


            

          

      

      

    

  

  
    
    
    <no title>
    

    

    

    

    

    

    

    
 
  

    
      
          
            
  This notebook assumes to be launched inside the source root and it uses relative path to obtain other resources.

Test MapD->PyGDF->matrix



PWD = !pwd











import sys
import os.path
from pprint import pprint









Add import path to MapD Thrift binding and Arrow schema



thirdparty_path = os.path.join(PWD[0], '..', 'thirdparty')
sys.path.append(thirdparty_path)
thirdparty_path








'/home/appuser/pygdf/notebooks/../thirdparty'









If pygdf cannot be imported, uncomment code below:



# pygdf_path = os.path.join(PWD[0], '..')
# sys.path.append(pygdf_path)











import pygdf











from thrift.protocol import TBinaryProtocol
from thrift.protocol import TJSONProtocol
from thrift.transport import TSocket
from thrift.transport import THttpClient
from thrift.transport import TTransport











from mapd import MapD
from mapd import ttypes









MapD connection



def get_client(host_or_uri, port, http):
  if http:
    transport = THttpClient.THttpClient(host_or_uri)
    protocol = TJSONProtocol.TJSONProtocol(transport)
  else:
    socket = TSocket.TSocket(host_or_uri, port)
    transport = TTransport.TBufferedTransport(socket)
    protocol = TBinaryProtocol.TBinaryProtocol(transport)

  client = MapD.Client(protocol)
  transport.open()
  return client











db_name = 'mapd'
user_name = 'mapd'
passwd = 'HyperInteractive'
hostname = 'localhost'
portno = 9091

client = get_client(hostname, portno, False)
session = client.connect(user_name, passwd, db_name)
print('Connection complete')








Connection complete









The Query



columns = """
INCEARN,RECTYPE,IPUMS_YEAR,DATANUM,SERIAL,NUMPREC,SUBSAMP,HHWT,HHTYPE,REPWT,ADJUST,CPI99,REGION,STATEICP,STATEFIP,COUNTY,COUNTYFIPS,METRO,METAREA,METAREAD,MET2013,MET2013ERR,CITY,CITYERR,CITYPOP,PUMA,PUMARES2MIG,STRATA,PUMASUPR,CONSPUMA,CPUMA0010,APPAL,APPALD,HOMELAND,MET2003,CNTRY,GQ,GQTYPE,GQTYPED,FARM,OWNERSHP,OWNERSHPD,MORTGAGE,MORTGAG2,COMMUSE,FARMPROD,ACREHOUS,MORTAMT1,MORTAMT2,TAXINCL,INSINCL,PROPINSR,PROPTX99,OWNCOST,RENT,RENTGRS,RENTMEAL,CONDOFEE,MOBLHOME,MOBLHOM2,MOBLOAN,SECRES,SECRESMO,SECRESRE,COSTELEC,COSTGAS,COSTWATR,COSTFUEL,PUBHOUS,RENTSUB,HEATSUB,LUNCHSUB,FOODSTMP,FDSTPAMT,VALUEH,LINGISOL,VACANCY,KITCHEN,KITCHENORIG,FRIDGE,FRIDGEORIG,SINK,STOVE,ROOMS,ROOMSORIG,PLUMBING,HOTWATER,SHOWER,TOILET,BUILTYR,BUILTYR2,UNITSSTR,BEDROOMS,BEDROOMSORIG,PHONE,PHONEORIG,CILAPTOP,CIHAND,CIOTHCOMP,CINETHH,CIMODEM,CISAT,CIDSL,CIFIBER,CIBRDBND,CIDIAL,CIOTHSVC,FUELHEAT,VEHICLES,SSMC,NFAMS,NSUBFAM,NCOUPLES,NMOTHERS,NFATHERS,MULTGEN,MULTGEND,CBNSUBFAM,REPWT1,REPWT2,REPWT3,REPWT4,REPWT5,REPWT6,REPWT7,REPWT8,REPWT9,REPWT10,REPWT11,REPWT12,REPWT13,REPWT14,REPWT15,REPWT16,REPWT17,REPWT18,REPWT19,REPWT20,REPWT21,REPWT22,REPWT23,REPWT24,REPWT25,REPWT26,REPWT27,REPWT28,REPWT29,REPWT30,REPWT31,REPWT32,REPWT33,REPWT34,REPWT35,REPWT36,REPWT37,REPWT38,REPWT39,REPWT40,REPWT41,REPWT42,REPWT43,REPWT44,REPWT45,REPWT46,REPWT47,REPWT48,REPWT49,REPWT50,REPWT51,REPWT52,REPWT53,REPWT54,REPWT55,REPWT56,REPWT57,REPWT58,REPWT59,REPWT60,REPWT61,REPWT62,REPWT63,REPWT64,REPWT65,REPWT66,REPWT67,REPWT68,REPWT69,REPWT70,REPWT71,REPWT72,REPWT73,REPWT74,REPWT75,REPWT76,REPWT77,REPWT78,REPWT79,REPWT80,RESPMODE,PERNUM,PERWT,SLWT,REPWTP,FAMSIZE,NCHILD,NCHLT5,FAMUNIT,ELDCH,YNGCH,NSIBS,MOMLOC,STEPMOM,MOMRULE,POPLOC,STEPPOP,POPRULE,SPLOC,SPRULE,SUBFAM,SFTYPE,SFRELATE,CBSUBFAM,CBSFTYPE,CBSFRELATE,RELATE,RELATED,SEX,AGE,AGEORIG,BIRTHQTR,MARST,BIRTHYR,MARRNO,MARRINYR,YRMARR,DIVINYR,WIDINYR,FERTYR,RACE,RACED,HISPAN,HISPAND,BPL,BPLD,ANCESTR1,ANCESTR1D,ANCESTR2,ANCESTR2D,CITIZEN,YRNATUR,YRIMMIG,YRSUSA1,YRSUSA2,SPOKEN_LANGUAGE,LANGUAGED,SPEAKENG,TRIBE,TRIBED,RACESING,RACESINGD,RACAMIND,RACASIAN,RACBLK,RACPACIS,RACWHT,RACOTHER,RACNUM,SCHOOL,EDUC,EDUCD,GRADEATT,GRADEATTD,SCHLTYPE,DEGFIELD,DEGFIELDD,DEGFIELD2,DEGFIELD2D,EMPSTAT,EMPSTATD,LABFORCE,OCC,OCC1950,OCC1990,OCC2010,IND,IND1950,IND1990,CLASSWKR,CLASSWKRD,OCCSOC,INDNAICS,WKSWORK1,WKSWORK2,UHRSWORK,WRKLSTWK,ABSENT,LOOKING,AVAILBLE,WRKRECAL,WORKEDYR,POVERTY,OCCSCORE,SEI,HWSEI,PRESGL,PRENT,ERSCOR50,ERSCOR90,EDSCOR50,EDSCOR90,NPBOSS50,NPBOSS90,MIGRATE1,MIGRATE1D,MIGPLAC1,MIGMET1,MIGTYPE1,MIGCITY1,MIGPUMS1,MIGPUMA1,MOVEDIN,MOVEDINORIG,DISABWRK,VETDISAB,DIFFREM,DIFFPHYS,DIFFMOB,DIFFCARE,DIFFSENS,DIFFEYE,DIFFHEAR,VETSTAT,VETSTATD,VET01LTR,VET95X00,VET90X01,VET90X95,VET75X90,VET80X90,VET75X80,VETVIETN,VET55X64,VETKOREA,VET47X50,VETWWII,VETOTHER,VETYRS,PWSTATE2,PWMETRO,PWCITY,PWTYPE,PWPUMA00,PWPUMAS,TRANWORK,CARPOOL,RIDERS,TRANTIME,DEPARTS,ARRIVES,GCHOUSE,GCMONTHS,GCRESPON,PROBAI,PROBAPI,PROBBLK,PROBOTH,PROBWHT,REPWTP1,REPWTP2,REPWTP3,REPWTP4,REPWTP5,REPWTP6,REPWTP7,REPWTP8,REPWTP9,REPWTP10,REPWTP11,REPWTP12,REPWTP13,REPWTP14,REPWTP15,REPWTP16,REPWTP17,REPWTP18,REPWTP19,REPWTP20,REPWTP21,REPWTP22,REPWTP23,REPWTP24,REPWTP25,REPWTP26,REPWTP27,REPWTP28,REPWTP29,REPWTP30,REPWTP31,REPWTP32,REPWTP33,REPWTP34,REPWTP35,REPWTP36,REPWTP37,REPWTP38,REPWTP39,REPWTP40,REPWTP41,REPWTP42,REPWTP43,REPWTP44,REPWTP45,REPWTP46,REPWTP47,REPWTP48,REPWTP49,REPWTP50,REPWTP51,REPWTP52,REPWTP53,REPWTP54,REPWTP55,REPWTP56,REPWTP57,REPWTP58,REPWTP59,REPWTP60,REPWTP61,REPWTP62,REPWTP63,REPWTP64,REPWTP65,REPWTP66,REPWTP67,REPWTP68,REPWTP69,REPWTP70,REPWTP71,REPWTP72,REPWTP73,REPWTP74,REPWTP75,REPWTP76,REPWTP77,REPWTP78,REPWTP79,REPWTP80
""".strip()
print(len(columns.split(',')))








447











query = "SELECT {} FROM ipums_easy WHERE INCEARN > 100;".format(columns)
print('Query is : ' + query)

# always use True for is columnar
results = client.sql_execute_cudf(session, query, device_id=0, first_n=-1)








Query is : SELECT INCEARN,RECTYPE,IPUMS_YEAR,DATANUM,SERIAL,NUMPREC,SUBSAMP,HHWT,HHTYPE,REPWT,ADJUST,CPI99,REGION,STATEICP,STATEFIP,COUNTY,COUNTYFIPS,METRO,METAREA,METAREAD,MET2013,MET2013ERR,CITY,CITYERR,CITYPOP,PUMA,PUMARES2MIG,STRATA,PUMASUPR,CONSPUMA,CPUMA0010,APPAL,APPALD,HOMELAND,MET2003,CNTRY,GQ,GQTYPE,GQTYPED,FARM,OWNERSHP,OWNERSHPD,MORTGAGE,MORTGAG2,COMMUSE,FARMPROD,ACREHOUS,MORTAMT1,MORTAMT2,TAXINCL,INSINCL,PROPINSR,PROPTX99,OWNCOST,RENT,RENTGRS,RENTMEAL,CONDOFEE,MOBLHOME,MOBLHOM2,MOBLOAN,SECRES,SECRESMO,SECRESRE,COSTELEC,COSTGAS,COSTWATR,COSTFUEL,PUBHOUS,RENTSUB,HEATSUB,LUNCHSUB,FOODSTMP,FDSTPAMT,VALUEH,LINGISOL,VACANCY,KITCHEN,KITCHENORIG,FRIDGE,FRIDGEORIG,SINK,STOVE,ROOMS,ROOMSORIG,PLUMBING,HOTWATER,SHOWER,TOILET,BUILTYR,BUILTYR2,UNITSSTR,BEDROOMS,BEDROOMSORIG,PHONE,PHONEORIG,CILAPTOP,CIHAND,CIOTHCOMP,CINETHH,CIMODEM,CISAT,CIDSL,CIFIBER,CIBRDBND,CIDIAL,CIOTHSVC,FUELHEAT,VEHICLES,SSMC,NFAMS,NSUBFAM,NCOUPLES,NMOTHERS,NFATHERS,MULTGEN,MULTGEND,CBNSUBFAM,REPWT1,REPWT2,REPWT3,REPWT4,REPWT5,REPWT6,REPWT7,REPWT8,REPWT9,REPWT10,REPWT11,REPWT12,REPWT13,REPWT14,REPWT15,REPWT16,REPWT17,REPWT18,REPWT19,REPWT20,REPWT21,REPWT22,REPWT23,REPWT24,REPWT25,REPWT26,REPWT27,REPWT28,REPWT29,REPWT30,REPWT31,REPWT32,REPWT33,REPWT34,REPWT35,REPWT36,REPWT37,REPWT38,REPWT39,REPWT40,REPWT41,REPWT42,REPWT43,REPWT44,REPWT45,REPWT46,REPWT47,REPWT48,REPWT49,REPWT50,REPWT51,REPWT52,REPWT53,REPWT54,REPWT55,REPWT56,REPWT57,REPWT58,REPWT59,REPWT60,REPWT61,REPWT62,REPWT63,REPWT64,REPWT65,REPWT66,REPWT67,REPWT68,REPWT69,REPWT70,REPWT71,REPWT72,REPWT73,REPWT74,REPWT75,REPWT76,REPWT77,REPWT78,REPWT79,REPWT80,RESPMODE,PERNUM,PERWT,SLWT,REPWTP,FAMSIZE,NCHILD,NCHLT5,FAMUNIT,ELDCH,YNGCH,NSIBS,MOMLOC,STEPMOM,MOMRULE,POPLOC,STEPPOP,POPRULE,SPLOC,SPRULE,SUBFAM,SFTYPE,SFRELATE,CBSUBFAM,CBSFTYPE,CBSFRELATE,RELATE,RELATED,SEX,AGE,AGEORIG,BIRTHQTR,MARST,BIRTHYR,MARRNO,MARRINYR,YRMARR,DIVINYR,WIDINYR,FERTYR,RACE,RACED,HISPAN,HISPAND,BPL,BPLD,ANCESTR1,ANCESTR1D,ANCESTR2,ANCESTR2D,CITIZEN,YRNATUR,YRIMMIG,YRSUSA1,YRSUSA2,SPOKEN_LANGUAGE,LANGUAGED,SPEAKENG,TRIBE,TRIBED,RACESING,RACESINGD,RACAMIND,RACASIAN,RACBLK,RACPACIS,RACWHT,RACOTHER,RACNUM,SCHOOL,EDUC,EDUCD,GRADEATT,GRADEATTD,SCHLTYPE,DEGFIELD,DEGFIELDD,DEGFIELD2,DEGFIELD2D,EMPSTAT,EMPSTATD,LABFORCE,OCC,OCC1950,OCC1990,OCC2010,IND,IND1950,IND1990,CLASSWKR,CLASSWKRD,OCCSOC,INDNAICS,WKSWORK1,WKSWORK2,UHRSWORK,WRKLSTWK,ABSENT,LOOKING,AVAILBLE,WRKRECAL,WORKEDYR,POVERTY,OCCSCORE,SEI,HWSEI,PRESGL,PRENT,ERSCOR50,ERSCOR90,EDSCOR50,EDSCOR90,NPBOSS50,NPBOSS90,MIGRATE1,MIGRATE1D,MIGPLAC1,MIGMET1,MIGTYPE1,MIGCITY1,MIGPUMS1,MIGPUMA1,MOVEDIN,MOVEDINORIG,DISABWRK,VETDISAB,DIFFREM,DIFFPHYS,DIFFMOB,DIFFCARE,DIFFSENS,DIFFEYE,DIFFHEAR,VETSTAT,VETSTATD,VET01LTR,VET95X00,VET90X01,VET90X95,VET75X90,VET80X90,VET75X80,VETVIETN,VET55X64,VETKOREA,VET47X50,VETWWII,VETOTHER,VETYRS,PWSTATE2,PWMETRO,PWCITY,PWTYPE,PWPUMA00,PWPUMAS,TRANWORK,CARPOOL,RIDERS,TRANTIME,DEPARTS,ARRIVES,GCHOUSE,GCMONTHS,GCRESPON,PROBAI,PROBAPI,PROBBLK,PROBOTH,PROBWHT,REPWTP1,REPWTP2,REPWTP3,REPWTP4,REPWTP5,REPWTP6,REPWTP7,REPWTP8,REPWTP9,REPWTP10,REPWTP11,REPWTP12,REPWTP13,REPWTP14,REPWTP15,REPWTP16,REPWTP17,REPWTP18,REPWTP19,REPWTP20,REPWTP21,REPWTP22,REPWTP23,REPWTP24,REPWTP25,REPWTP26,REPWTP27,REPWTP28,REPWTP29,REPWTP30,REPWTP31,REPWTP32,REPWTP33,REPWTP34,REPWTP35,REPWTP36,REPWTP37,REPWTP38,REPWTP39,REPWTP40,REPWTP41,REPWTP42,REPWTP43,REPWTP44,REPWTP45,REPWTP46,REPWTP47,REPWTP48,REPWTP49,REPWTP50,REPWTP51,REPWTP52,REPWTP53,REPWTP54,REPWTP55,REPWTP56,REPWTP57,REPWTP58,REPWTP59,REPWTP60,REPWTP61,REPWTP62,REPWTP63,REPWTP64,REPWTP65,REPWTP66,REPWTP67,REPWTP68,REPWTP69,REPWTP70,REPWTP71,REPWTP72,REPWTP73,REPWTP74,REPWTP75,REPWTP76,REPWTP77,REPWTP78,REPWTP79,REPWTP80 FROM ipums_easy WHERE INCEARN > 100;











results
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Use Numba to access the IPC memory handle

Note: this requires numba 0.32.0 + PR #2023

git clone https://github.com/numba/numba
cd numba
git fetch origin pull/2023/merge:pr/2023
git checkout pr/2023

python setup.py install







from numba import cuda
from numba.cuda.cudadrv import drvapi











ipc_handle = drvapi.cu_ipc_mem_handle(*results.df_handle)
ipch = cuda.driver.IpcHandle(None, ipc_handle, size=results.df_size)
ctx = cuda.current_context()
dptr = ipch.open(ctx)

dptr









dptr is GPU memory containing the query result

Convert dptr into a GPU device ndarray (numpy array like object on GPU)



import numpy as np











dtype = np.dtype(np.byte)
darr = cuda.devicearray.DeviceNDArray(shape=dptr.size, strides=dtype.itemsize, dtype=dtype, gpu_data=dptr)









Use PyGDF to read the arrow metadata from the query



from pygdf.gpuarrow import GpuArrowReader











reader = GpuArrowReader(darr)









Wrap result in a Python CUDA DataFrame



from pygdf.dataframe import DataFrame











df = DataFrame(reader.to_dict().items())











df.columns








('INCEARN',
 'RECTYPE',
 'IPUMS_YEAR',
 'DATANUM',
 'SERIAL',
 'NUMPREC',
 'SUBSAMP',
 'HHWT',
 'HHTYPE',
 'REPWT',
 'ADJUST',
 'CPI99',
 'REGION',
 'STATEICP',
 'STATEFIP',
 'COUNTY',
 'COUNTYFIPS',
 'METRO',
 'METAREA',
 'METAREAD',
 'MET2013',
 'MET2013ERR',
 'CITY',
 'CITYERR',
 'CITYPOP',
 'PUMA',
 'PUMARES2MIG',
 'STRATA',
 'PUMASUPR',
 'CONSPUMA',
 'CPUMA0010',
 'APPAL',
 'APPALD',
 'HOMELAND',
 'MET2003',
 'CNTRY',
 'GQ',
 'GQTYPE',
 'GQTYPED',
 'FARM',
 'OWNERSHP',
 'OWNERSHPD',
 'MORTGAGE',
 'MORTGAG2',
 'COMMUSE',
 'FARMPROD',
 'ACREHOUS',
 'MORTAMT1',
 'MORTAMT2',
 'TAXINCL',
 'INSINCL',
 'PROPINSR',
 'PROPTX99',
 'OWNCOST',
 'RENT',
 'RENTGRS',
 'RENTMEAL',
 'CONDOFEE',
 'MOBLHOME',
 'MOBLHOM2',
 'MOBLOAN',
 'SECRES',
 'SECRESMO',
 'SECRESRE',
 'COSTELEC',
 'COSTGAS',
 'COSTWATR',
 'COSTFUEL',
 'PUBHOUS',
 'RENTSUB',
 'HEATSUB',
 'LUNCHSUB',
 'FOODSTMP',
 'FDSTPAMT',
 'VALUEH',
 'LINGISOL',
 'VACANCY',
 'KITCHEN',
 'KITCHENORIG',
 'FRIDGE',
 'FRIDGEORIG',
 'SINK',
 'STOVE',
 'ROOMS',
 'ROOMSORIG',
 'PLUMBING',
 'HOTWATER',
 'SHOWER',
 'TOILET',
 'BUILTYR',
 'BUILTYR2',
 'UNITSSTR',
 'BEDROOMS',
 'BEDROOMSORIG',
 'PHONE',
 'PHONEORIG',
 'CILAPTOP',
 'CIHAND',
 'CIOTHCOMP',
 'CINETHH',
 'CIMODEM',
 'CISAT',
 'CIDSL',
 'CIFIBER',
 'CIBRDBND',
 'CIDIAL',
 'CIOTHSVC',
 'FUELHEAT',
 'VEHICLES',
 'SSMC',
 'NFAMS',
 'NSUBFAM',
 'NCOUPLES',
 'NMOTHERS',
 'NFATHERS',
 'MULTGEN',
 'MULTGEND',
 'CBNSUBFAM',
 'REPWT1',
 'REPWT2',
 'REPWT3',
 'REPWT4',
 'REPWT5',
 'REPWT6',
 'REPWT7',
 'REPWT8',
 'REPWT9',
 'REPWT10',
 'REPWT11',
 'REPWT12',
 'REPWT13',
 'REPWT14',
 'REPWT15',
 'REPWT16',
 'REPWT17',
 'REPWT18',
 'REPWT19',
 'REPWT20',
 'REPWT21',
 'REPWT22',
 'REPWT23',
 'REPWT24',
 'REPWT25',
 'REPWT26',
 'REPWT27',
 'REPWT28',
 'REPWT29',
 'REPWT30',
 'REPWT31',
 'REPWT32',
 'REPWT33',
 'REPWT34',
 'REPWT35',
 'REPWT36',
 'REPWT37',
 'REPWT38',
 'REPWT39',
 'REPWT40',
 'REPWT41',
 'REPWT42',
 'REPWT43',
 'REPWT44',
 'REPWT45',
 'REPWT46',
 'REPWT47',
 'REPWT48',
 'REPWT49',
 'REPWT50',
 'REPWT51',
 'REPWT52',
 'REPWT53',
 'REPWT54',
 'REPWT55',
 'REPWT56',
 'REPWT57',
 'REPWT58',
 'REPWT59',
 'REPWT60',
 'REPWT61',
 'REPWT62',
 'REPWT63',
 'REPWT64',
 'REPWT65',
 'REPWT66',
 'REPWT67',
 'REPWT68',
 'REPWT69',
 'REPWT70',
 'REPWT71',
 'REPWT72',
 'REPWT73',
 'REPWT74',
 'REPWT75',
 'REPWT76',
 'REPWT77',
 'REPWT78',
 'REPWT79',
 'REPWT80',
 'RESPMODE',
 'PERNUM',
 'PERWT',
 'SLWT',
 'REPWTP',
 'FAMSIZE',
 'NCHILD',
 'NCHLT5',
 'FAMUNIT',
 'ELDCH',
 'YNGCH',
 'NSIBS',
 'MOMLOC',
 'STEPMOM',
 'MOMRULE',
 'POPLOC',
 'STEPPOP',
 'POPRULE',
 'SPLOC',
 'SPRULE',
 'SUBFAM',
 'SFTYPE',
 'SFRELATE',
 'CBSUBFAM',
 'CBSFTYPE',
 'CBSFRELATE',
 'RELATE',
 'RELATED',
 'SEX',
 'AGE',
 'AGEORIG',
 'BIRTHQTR',
 'MARST',
 'BIRTHYR',
 'MARRNO',
 'MARRINYR',
 'YRMARR',
 'DIVINYR',
 'WIDINYR',
 'FERTYR',
 'RACE',
 'RACED',
 'HISPAN',
 'HISPAND',
 'BPL',
 'BPLD',
 'ANCESTR1',
 'ANCESTR1D',
 'ANCESTR2',
 'ANCESTR2D',
 'CITIZEN',
 'YRNATUR',
 'YRIMMIG',
 'YRSUSA1',
 'YRSUSA2',
 'SPOKEN_LANGUAGE',
 'LANGUAGED',
 'SPEAKENG',
 'TRIBE',
 'TRIBED',
 'RACESING',
 'RACESINGD',
 'RACAMIND',
 'RACASIAN',
 'RACBLK',
 'RACPACIS',
 'RACWHT',
 'RACOTHER',
 'RACNUM',
 'SCHOOL',
 'EDUC',
 'EDUCD',
 'GRADEATT',
 'GRADEATTD',
 'SCHLTYPE',
 'DEGFIELD',
 'DEGFIELDD',
 'DEGFIELD2',
 'DEGFIELD2D',
 'EMPSTAT',
 'EMPSTATD',
 'LABFORCE',
 'OCC',
 'OCC1950',
 'OCC1990',
 'OCC2010',
 'IND',
 'IND1950',
 'IND1990',
 'CLASSWKR',
 'CLASSWKRD',
 'OCCSOC',
 'INDNAICS',
 'WKSWORK1',
 'WKSWORK2',
 'UHRSWORK',
 'WRKLSTWK',
 'ABSENT',
 'LOOKING',
 'AVAILBLE',
 'WRKRECAL',
 'WORKEDYR',
 'POVERTY',
 'OCCSCORE',
 'SEI',
 'HWSEI',
 'PRESGL',
 'PRENT',
 'ERSCOR50',
 'ERSCOR90',
 'EDSCOR50',
 'EDSCOR90',
 'NPBOSS50',
 'NPBOSS90',
 'MIGRATE1',
 'MIGRATE1D',
 'MIGPLAC1',
 'MIGMET1',
 'MIGTYPE1',
 'MIGCITY1',
 'MIGPUMS1',
 'MIGPUMA1',
 'MOVEDIN',
 'MOVEDINORIG',
 'DISABWRK',
 'VETDISAB',
 'DIFFREM',
 'DIFFPHYS',
 'DIFFMOB',
 'DIFFCARE',
 'DIFFSENS',
 'DIFFEYE',
 'DIFFHEAR',
 'VETSTAT',
 'VETSTATD',
 'VET01LTR',
 'VET95X00',
 'VET90X01',
 'VET90X95',
 'VET75X90',
 'VET80X90',
 'VET75X80',
 'VETVIETN',
 'VET55X64',
 'VETKOREA',
 'VET47X50',
 'VETWWII',
 'VETOTHER',
 'VETYRS',
 'PWSTATE2',
 'PWMETRO',
 'PWCITY',
 'PWTYPE',
 'PWPUMA00',
 'PWPUMAS',
 'TRANWORK',
 'CARPOOL',
 'RIDERS',
 'TRANTIME',
 'DEPARTS',
 'ARRIVES',
 'GCHOUSE',
 'GCMONTHS',
 'GCRESPON',
 'PROBAI',
 'PROBAPI',
 'PROBBLK',
 'PROBOTH',
 'PROBWHT',
 'REPWTP1',
 'REPWTP2',
 'REPWTP3',
 'REPWTP4',
 'REPWTP5',
 'REPWTP6',
 'REPWTP7',
 'REPWTP8',
 'REPWTP9',
 'REPWTP10',
 'REPWTP11',
 'REPWTP12',
 'REPWTP13',
 'REPWTP14',
 'REPWTP15',
 'REPWTP16',
 'REPWTP17',
 'REPWTP18',
 'REPWTP19',
 'REPWTP20',
 'REPWTP21',
 'REPWTP22',
 'REPWTP23',
 'REPWTP24',
 'REPWTP25',
 'REPWTP26',
 'REPWTP27',
 'REPWTP28',
 'REPWTP29',
 'REPWTP30',
 'REPWTP31',
 'REPWTP32',
 'REPWTP33',
 'REPWTP34',
 'REPWTP35',
 'REPWTP36',
 'REPWTP37',
 'REPWTP38',
 'REPWTP39',
 'REPWTP40',
 'REPWTP41',
 'REPWTP42',
 'REPWTP43',
 'REPWTP44',
 'REPWTP45',
 'REPWTP46',
 'REPWTP47',
 'REPWTP48',
 'REPWTP49',
 'REPWTP50',
 'REPWTP51',
 'REPWTP52',
 'REPWTP53',
 'REPWTP54',
 'REPWTP55',
 'REPWTP56',
 'REPWTP57',
 'REPWTP58',
 'REPWTP59',
 'REPWTP60',
 'REPWTP61',
 'REPWTP62',
 'REPWTP63',
 'REPWTP64',
 'REPWTP65',
 'REPWTP66',
 'REPWTP67',
 'REPWTP68',
 'REPWTP69',
 'REPWTP70',
 'REPWTP71',
 'REPWTP72',
 'REPWTP73',
 'REPWTP74',
 'REPWTP75',
 'REPWTP76',
 'REPWTP77',
 'REPWTP78',
 'REPWTP79',
 'REPWTP80')









Preprocess the data



num_cols = set()
cat_cols = set()
response_set = set(['INCEARN'])
feature_names = set(df.columns) - response_set









Determine categorical and numeric columns.  Compute unique values from categorical columns.



uniques = {}
for k in feature_names:
    try:
        uniquevals = df[k].unique_k(k=1000)
        uniques[k] = uniquevals
    except ValueError:
        # more than 1000 unique values
        num_cols.add(k)
    else:
        # within 1000 unique values
        nunique = len(uniquevals)
        if nunique < 2:
            del df[k]        # drop constant column
        elif 1 < nunique < 1000:
            cat_cols.add(k)  # as cat column
        else:
            num_cols.add(k)  # as num column









Fix numeric columns.  Fill NA, Scale to [0, 1]. Drop near constant



for k in (num_cols - response_set):
    df[k] = df[k].fillna(df[k].mean())
    assert df[k].null_count == 0
    std = df[k].std()
    # drop near constant columns
    if not np.isfinite(std) or std < 1e-4:
        del df[k]
        print('drop near constant', k)
    else:
        df[k] = df[k].scale()









Expand categorical columns



for k in cat_cols:
    cats = uniques[k][1:]  # drop first
    df = df.one_hot_encoding(k, prefix=k, cats=cats)
    del df[k]









Ensure INCEARN is float64



df['INCEARN'] = df['INCEARN'].astype(np.float64)











# Print dtypes
{df[k].dtype for k in df.columns}








{dtype('float64')}









Create 60-40: training - testing



n60 = int(len(df) * 0.6)
print('60% of {} is {}'.format(len(df), n60))
train_df = df.loc[:n60]
test_df = df.loc[n60:]
print('train_df has {} rows | test_df has {} rows'.format(len(train_df), len(test_df)))








60% of 5568 is 3340
train_df has 3340 rows | test_df has 2228 rows









Turn the dataframes into a matrix



df.columns[0]








'INCEARN'











train_data_mat = train_df.as_gpu_matrix(columns=df.columns[1:])
train_result_mat = train_df.as_gpu_matrix(columns=[df.columns[0]])
test_data_mat = test_df.as_gpu_matrix(columns=df.columns[1:])
test_result_mat = test_df.as_gpu_matrix(columns=[df.columns[0]])











train_data_mat.shape, train_result_mat.shape, test_data_mat.shape, test_result_mat.shape








((3340, 8549), (3340, 1), (2228, 8549), (2228, 1))









Cleanup the IPC handle.

Note: .as_gpu_matrix() has created new copies; thus, we can close the IPC handle.



ipch.close()









The ctypes pointer to the gpu matrices



train_data_mat_ptr = train_data_mat.device_ctypes_pointer
train_result_mat_ptr = train_result_mat.device_ctypes_pointer
test_data_mat_ptr = test_data_mat.device_ctypes_pointer
test_result_mat_ptr = test_result_mat.device_ctypes_pointer











print('train_data_mat_ptr address', hex(train_data_mat_ptr.value))
print('train_result_mat_ptr address', hex(train_result_mat_ptr.value))
print('test_data_mat_ptr address', hex(test_data_mat_ptr.value))
print('test_result_mat_ptr address', hex(test_result_mat_ptr.value))








train_data_mat_ptr address 0x10223000000
train_result_mat_ptr address 0x10222ff4400
test_data_mat_ptr address 0x10230a00000
test_result_mat_ptr address 0x10222ffae00










    

    


            

          

      

      

    

  

  
    
    
    Introduction
    

    

    

    

    

    

    

    
 
  

    
      
          
            
  
Introduction

LOBPCG is a method for finding the smallest (or largest) eigenvalues
and the corresponding eigenvectors of a symmetric positive defined
generalized eigenvalue problem
(A Knyazev, 2001 [https://epubs.siam.org/doi/abs/10.1137/S1064827500366124]).
Several implementations of the method exists. In this notebook we compare the
implementations of SciPy (see scipy.sparse.linalg.lobpcg [https://docs.scipy.org/doc/scipy/reference/generated/scipy.sparse.linalg.lobpcg.html])
and PyTorch (see PR 29488 [https://github.com/pytorch/pytorch/pull/29488]).


User-interfaces

SciPy and PyTorch user-interfaces are similar:

import scipy.sparse.linalg
scipy.sparse.linalg.lobpcg(A, X, B=None, M=None, Y=None, tol=None, maxiter=None, largest=True, verbosityLevel=0, retLambdaHistory=False, retResidualNormsHistory=False) -> E, V [, lambdas, rnorms]

import torch
torch.lobpcg(A, B=None, k=1, X=None, n=None, iK=None, niter=1000, tol=None, largest=True, tracker=None, method=None, **params) -> E, V





but with the following notable differences:


	The initial estimate X is mandatory for scipy lobpcg but optional for torch lobpcg. In the later case, the initial estimate will be random (using normal distribution N(0, 1)) tensor of size (A.shape[::-1], n).


	The preconditioner argument: scipy uses M (as approximation to inverse of A), torch uses iK (as inverse of a general preconditioner matrix K).


	The number of requested eigenpairs: scipy deducts this from the shape of X while torch uses the argument k.


	The block size: in scipy it is the same as the number of requested eigenpairs while torch uses the argument n which can be specified larger than k to ensure better convergence properties.


	The number of iterations argument: in scipy, the number is specified by maxiter (as the maximum number of iterations, default is 20) while in torch by niter (as the number of iterations, default is 1000, can be negative with the meaning of iterate until convergence criteria is satisfied).


	Convergence criteria, the argument tol: scipy uses ||A V - diag(E) B V|| < tol where tol=A.shape[-1] sqrt(feps), torch uses ||A V-diag(E) B V|| < tol * ||X|| (||A|| + ||E|| ||B||) where tol=sqrt(feps) and estimates ||A|| = ||A X||/||X||, ||B||=||B X||/||X|| are used. feps is minimal positive floating point number.


	Tracking the convergence: scipy allows tracking only the eigenvalues and residuals (see retLambdaHistory and retResidualNormsHistory arguments) while torch allows tracking all variables involved in the iteration process (see tracker callable argument).


	Supported methods: scipy implements LOBPCG with soft-locking of converged eigen-pairts, torch implements the original method (method="basic") and the soft-locking method with orthogonalization procedure (method="ortho", the default, most robust).


	torch does not implement constraints support (the Y argument).







A test with default arguments



m = 5000  # size of the square matrix
k = 7     # the number of requested eigenpairs
A1 = random_sparse_pd_matrix(m, density=2.0/m)
B1 = random_sparse_pd_matrix(m, density=2.0/m)
X1 = torch.randn((m, k), dtype=torch.double)
A2 = toscipy(A1)
B2 = toscipy(B1)
X2 = toscipy(X1)











E1, V1 = torch.lobpcg(A1, X=X1, k=k)
print(f"E1={E1.numpy()}")
E2, V2 = scipy_lobpcg(A2, X2)
print(f"E2={E2}")
E2t, V2t = torch.lobpcg(A2, X=X2, k=k)
print(f"E2t={E2t}")








E1=[1.     0.9998 0.9996 0.9994 0.9992 0.999  0.9988]
E2=[0.99838111 0.99759313 0.99699264 0.99672419 0.99625764 0.99550297
 0.99429996]
E2t=[1.     0.9998 0.9996 0.9994 0.9992 0.999  0.9988]









The less accurate result of scipy_lobpcg is caused by the too small default value 20 to maxiter argument. So, in the following we always specify the same number of iterations for both lobpcg implementations.




Tracking of convergence

As the exact eigenvalues are known and the two lobpcg implementations use different convergence criteria, we only present the convergence of eigenvalues:



eigenvals = np.arange(1, m)/m

# torch.lobpcg, default method="ortho"
eigenvals1 = []
def tracker(E, **params):
    eigenvals1.append(E.tolist())
E1, V1 = torch.lobpcg(A1, X=X1, niter=niter, tracker=tracker)
eigenvals1 = np.array(eigenvals1)

# torch.lobpcg, method="basic"
eigenvals1b = []
def tracker(E, **params):
    eigenvals1b.append(E.tolist())
E1b, V1b = torch.lobpcg(A1, X=X1, niter=niter, tracker=tracker, method="basic")
eigenvals1b = np.array(eigenvals1b)

# scipy.sparse.linalg.lobpcg
E2, V2, eigenvals2 = scipy_lobpcg(A2, X2, maxiter=niter, retLambdaHistory=True)
eigenvals2 = np.array(eigenvals2)

plt.plot(eigenvals1[:,0], label='torch, method: ortho')
plt.plot(eigenvals1b[:,0], label='torch, method: basic')
plt.plot(eigenvals2[:,0], label='scipy')
plt.legend(); plt.xlabel('iterations'); plt.ylabel('the smallest eigenvalue == 0.001');








[image: ../../../../_images/LOBPCG - pytorch vs scipy_4_0.png]




As seen, the convergence of scipy and torch lobpcg iteration processes are practically identical, except for the method="basic" when the convergence is slightly slower.




Timings



%timeit torch.lobpcg(A1, X=X1, B=None, niter=niter, method="ortho")
%timeit torch.lobpcg(A1, X=X1, B=None, niter=niter, method="basic")
%timeit torch.lobpcg(A2, X=X2, B=None, niter=niter, method="ortho")
%timeit torch.lobpcg(A2, X=X2, B=None, niter=niter, method="basic")
%timeit scipy_lobpcg(A2, X2, B=None, maxiter=niter)








320 ms ± 23.1 ms per loop (mean ± std. dev. of 7 runs, 1 loop each)
190 ms ± 15.9 ms per loop (mean ± std. dev. of 7 runs, 10 loops each)
264 ms ± 24 ms per loop (mean ± std. dev. of 7 runs, 1 loop each)
228 ms ± 54.7 ms per loop (mean ± std. dev. of 7 runs, 1 loop each)
139 ms ± 1.67 ms per loop (mean ± std. dev. of 7 runs, 1 loop each)









As seen, scipy is fastest and the torch with the default method="ortho" is almost 2x slower for this test case. This is expected as the orthogonalization process has certain overhead.

Notice that in the last two calls of torch.lobpcg, the input A2 is a scipy sparse matrix and X2 is numpy ndarray object, and the implementation uses numpy array backend only. Interestingly, if method is "ortho" then using torch.Tensor is more efficient while if the method is "basic" then using numpy.ndarray is more efficient. More detailed profiling is required to draw any conclusions from these timing results.




Generalized eigenvalue problem



E1, V1 = torch.lobpcg(A1, X=X1, B=B1, k=k, niter=niter)
print(f"E1={E1.numpy()}")
E2, V2 = scipy_lobpcg(A2, X2, B=B2, maxiter=niter)
print(f"E2={E2}")
E2t, V2t = torch.lobpcg(A2, X=X2, B=B2, k=k, niter=niter)
print(f"E2t={E2t}")








E1=[3121.88312793 1788.92252293  465.76691282  189.49262319  149.44120493
  134.66668408  101.75980272]
E2=[3134.17784132 1789.28976457  470.80143921  189.50317439  149.87017039
  134.7586702   102.16336441]
E2t=[3121.88312793 1788.92252293  465.76691282  189.49262319  149.44120493
  134.66668408  101.75980272]











%timeit torch.lobpcg(A1, X=X1, B=B1, niter=niter, method="ortho")
%timeit torch.lobpcg(A1, X=X1, B=B1, niter=niter, method="basic")
%timeit torch.lobpcg(A2, X=X2, B=B2, niter=niter, method="ortho")
%timeit torch.lobpcg(A2, X=X2, B=B2, niter=niter, method="basic")
%timeit scipy_lobpcg(A2, X2, B=B2, maxiter=niter)








378 ms ± 28.7 ms per loop (mean ± std. dev. of 7 runs, 1 loop each)
219 ms ± 15 ms per loop (mean ± std. dev. of 7 runs, 10 loops each)
369 ms ± 21.8 ms per loop (mean ± std. dev. of 7 runs, 1 loop each)
250 ms ± 5.29 ms per loop (mean ± std. dev. of 7 runs, 1 loop each)
176 ms ± 8.26 ms per loop (mean ± std. dev. of 7 runs, 1 loop each)














Appendix

The auxiliary code used in this notebook. Run this first!



import torch
import numpy as np
import scipy.sparse
from scipy.sparse.linalg import lobpcg as scipy_lobpcg
import matplotlib.pyplot as plt
from torch.lobpcg import numpy_backend
niter = 50

def toscipy(A):
    if A.layout == torch.sparse_coo:
        values = A.coalesce().values().numpy().copy()
        indices = A.coalesce().indices().numpy().copy()
        return scipy.sparse.coo_matrix((values, (indices[0], indices[1])), A.shape)
    return A.numpy().copy()

def random_sparse_pd_matrix(matrix_size, density=0.01, **kwargs):
    """Return random sparse positive-definite matrix with given density.

    The eigenvalues of the matrix are defined as::
      arange(1, matrix_size+1)/matrix_size

    Algorithm:
      A = diag(arange(1, matrix_size+1)/matrix_size)
      while <A density is smaller than required>:
          <choose random i, j in range(matrix_size), theta in [0, 2*pi]>
          R = <rotation matrix (i,j,theta)>
          A = R^T A R
    """
    import math
    import random
    torch = kwargs.get('torch', globals()['torch'])
    dtype = kwargs.get('dtype', torch.double)
    device = kwargs.get('device', torch.device('cpu'))
    data = dict([((i, i), float(i + 1) / matrix_size)
                 for i in range(matrix_size)])

    def multiply(data, N, i, j, cs, sn, left=True):
        for k in range(N):
            if left:
                ik, jk = (k, i), (k, j)
            else:
                ik, jk = (i, k), (j, k)
            aik, ajk = data.get(ik, 0), data.get(jk, 0)
            aik, ajk = cs * aik + sn * ajk, -sn * aik + cs * ajk
            if aik:
                data[ik] = aik
            else:
                data.pop(ik, None)
            if ajk:
                data[jk] = ajk
            else:
                data.pop(jk, None)

    target_nnz = density * matrix_size * matrix_size
    while len(data) < target_nnz:
        i = random.randint(0, matrix_size - 1)
        j = random.randint(0, matrix_size - 1)
        if i != j:
            theta = random.uniform(0, 2 * math.pi)
            cs = math.cos(theta)
            sn = math.sin(theta)
            multiply(data, matrix_size, i, j, cs, sn, left=True)
            multiply(data, matrix_size, i, j, cs, sn, left=False)
    icoords, jcoords, values = [], [], []
    for (i, j), v in sorted(data.items()):
        icoords.append(i)
        jcoords.append(j)
        values.append(v)
    indices = [icoords, jcoords]
    return torch.sparse_coo_tensor(indices, values, (matrix_size, matrix_size), dtype=dtype, device=device)
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Introduction

PyTorch PR 29488 [https://github.com/pytorch/pytorch/pull/29488] implements a SVD for low-rank matrices.
Here we compare the low-rank SVD implementation with the full SVD implementation of pytorch.


User-interfaces

The low-rank and full SVD have the following user-interfaces:

torch.svd_lowrank(A, q=6, niter=2, M=None) -> (U, S, V)

svd(A, some=True, compute_uv=True, out=None) -> (U, S, V)








A test with default values



m, n, r = 17, 5, 3  # matrix shape and rank
A = random_lowrank_matrix(m, n, r)











U1, S1, V1 = torch.svd_lowrank(A)
print(f'S1={S1}')
print(f'U1:\n{U1}')
print(f'V1^T:\n{V1.t()}\n')
U2, S2, V2 = torch.svd(A)
print(f'S2={S2}')
print(f'U2:\n{U2}')
print(f'V2^T:\n{V2.t()}')








S1=tensor([0.2338, 0.1937, 0.0564], dtype=torch.float64)
U1:
tensor([[-0.3878, -0.4516,  0.0321],
        [ 0.7447,  0.0968, -0.2437],
        [-0.5172,  0.2004, -0.4313],
        [-0.0663,  0.3149,  0.8497],
        [-0.1525,  0.8046, -0.1777]], dtype=torch.float64)
V1^T:
tensor([[ 0.4575,  0.8885,  0.0343],
        [ 0.5940, -0.3342,  0.7318],
        [ 0.6617, -0.3144, -0.6807]], dtype=torch.float64)

S2=tensor([0.2338, 0.1937, 0.0564], dtype=torch.float64)
U2:
tensor([[-0.3878, -0.4516, -0.0321],
        [ 0.7447,  0.0968,  0.2437],
        [-0.5172,  0.2004,  0.4313],
        [-0.0663,  0.3149, -0.8497],
        [-0.1525,  0.8046,  0.1777]], dtype=torch.float64)
V2^T:
tensor([[ 0.4575,  0.8885,  0.0343],
        [ 0.5940, -0.3342,  0.7318],
        [-0.6617,  0.3144,  0.6807]], dtype=torch.float64)









So, both svd methods give the same singular values and are able to detect the rank of A correctly.
The UV matrices are also the same (up to a sign multiplier).






Timings and applicability



%timeit torch.svd_lowrank(A)
%timeit torch.svd(A)
A2 = random_lowrank_matrix(10000, 200, 5)
%timeit torch.svd_lowrank(A2)
%timeit torch.svd(A2)








239 µs ± 4.27 µs per loop (mean ± std. dev. of 7 runs, 1000 loops each)
22 µs ± 56.6 ns per loop (mean ± std. dev. of 7 runs, 10000 loops each)
308 µs ± 1.57 µs per loop (mean ± std. dev. of 7 runs, 1000 loops each)
43.2 µs ± 262 ns per loop (mean ± std. dev. of 7 runs, 10000 loops each)









So, the full-rank SVD implementation out-performs the low-rank SVD implementation for dense matrices. However, the low-rank SVD implementation will be handy for huge sparse matices where the full-rank SVD fails:



A3 = random_sparse_matrix(100000, 10000, density=2/10000.0)
U3,S3,V3=torch.svd_lowrank(A3)
print(f'S3={S3}')
torch.svd(A3)








S3=tensor([1.1147e+00, 9.0710e-01, 4.6210e-01, 4.1026e-01, 2.5382e-01, 1.8031e-07],
       dtype=torch.float64)





---------------------------------------------------------------------------
RuntimeError                              Traceback (most recent call last)
<ipython-input-40-dc1027e14e50> in <module>
      2 U3,S3,V3=torch.svd_lowrank(A3)
      3 print(f'S3={S3}')
----> 4 torch.svd(A3)

RuntimeError: Could not run 'aten::_svd_helper' with arguments from the 'SparseCPUTensorId' backend. 'aten::_svd_helper' is only available for these backends: [CPUTensorId, VariableTensorId].












Appendix

The auxiliary code used in this notebook. Run this first!



import torch
import random

def random_matrix(rows, columns, *batch_dims, **kwargs):
    """Return rectangular matrix or batches of rectangular matrices.

    Parameters:
      dtype - the data type
      device - the device kind
      singular - when True, the output will be singular
    """
    dtype = kwargs.get('dtype', torch.double)
    device = kwargs.get('device', 'cpu')
    silent = kwargs.get("silent", False)
    singular = kwargs.get("singular", False)
    if silent and not torch._C.has_lapack:
        return torch.ones(rows, columns, dtype=dtype, device=device)

    A = torch.randn(batch_dims + (rows, columns), dtype=dtype, device=device)
    u, _, v = A.svd(some=False)
    s = torch.zeros(rows, columns, dtype=dtype, device=device)
    k = min(rows, columns)
    for i in range(k):
        s[i, i] = float(i + 1) / (k + 1)
    if singular:
        # make matrix singular
        s[k - 1, k - 1] = 0
        if k > 2:
            # increase the order of singularity so that the pivoting
            # in LU factorization will be non-trivial
            s[0, 0] = 0
    return u.matmul(s.expand(batch_dims + (rows, columns)).matmul(v.transpose(-2, -1)))


def random_lowrank_matrix(rank, rows, columns, *batch_dims, **kwargs):
    """Return rectangular matrix or batches of rectangular matrices with
    given rank.
    """
    B = random_matrix(rows, rank, *batch_dims, **kwargs)
    C = random_matrix(rank, columns, *batch_dims, **kwargs)
    return B.matmul(C)

def random_sparse_matrix(rows, columns, density=0.01, **kwargs):
    """Return rectangular random sparse matrix within given density.

    The density of the result approaches to given density as the size
    of the matrix is increased and a relatively small value of density
    is specified but higher than min(rows, columns)/(rows * columns)
    for non-singular matrices.
    """
    dtype = kwargs.get('dtype', torch.double)
    device = kwargs.get('device', 'cpu')
    singular = kwargs.get("singular", False)

    k = min(rows, columns)
    nonzero_elements = max(min(rows, columns), int(rows * columns * density))

    row_indices = [i % rows for i in range(nonzero_elements)]
    column_indices = [i % columns for i in range(nonzero_elements)]
    random.shuffle(column_indices)
    indices = [row_indices, column_indices]
    values = torch.randn(nonzero_elements, dtype=dtype, device=device)
    # ensure that the diagonal dominates
    values *= torch.tensor([-float(i - j)**4 for i, j in zip(*indices)], dtype=dtype, device=device).exp()
    A = torch.sparse_coo_tensor(indices, values, (rows, columns), device=device)
    return A.coalesce()
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The aim of this blog post is to review the current state of CPU/CUDA Array Interfaces and PEP 3118 Buffer Protocol
in the context of NumPy and PyTorch, and give recommendations to improve the PyTorch support to these protocols.
We also indicate the overall usage of array interfaces in different Python libraries.

This blog post is inspired by a PyTorch issue 51156 [https://github.com/pytorch/pytorch/issues/51156].


CPU Array Interface

Array Interface (Version
3) [https://numpy.org/doc/stable/reference/arrays.interface.html]
defines a protocol for objects to re-use each other’s data buffers.
It was created in 2005 within the NumPy [https://numpy.org/] project for CPU array-like
objects. The implementation of the array interface is defined by the
existence of the following attributes or methods:


	__array_interface__ - a Python dictionary that contains the shape,
the element type, and optionally, the data buffer address and the
strides of an array-like object.


	__array__() - a method returning NumPy ndarray view of an array-like object


	__array_struct__ - holds a pointer to PyArrayInterface
C-structure [https://numpy.org/doc/stable/reference/arrays.interface.html#object.__array_struct__].







CUDA Array Interface

Numba introduces CUDA Array Interface (Version 2) [https://numba.pydata.org/numba-doc/dev/cuda/cuda_array_interface.html]
for GPU array-like objects. The implementation of the CUDA array
interface is defined by the existence of the attribute


	__cuda_array_interface__




that holds the same information about an array-like object as __array_interface__ except
the data buffer address will point to GPU memory area.




Buffer Protocol

PEP 3118 Buffer Protocol [https://www.python.org/dev/peps/pep-3118/] defines Python C/API
for re-using data buffers of buffer-like objects.
The Buffer protocol can implemented for extension types using Python C/API but not for types defined in Python:
this has been requested and discussed but no solution yet [https://bugs.python.org/issue41285].
In Python, the data buffers of extension types can be accessed using memoryview object.






Using array/buffer interfaces in the context of NumPy arrays

NumPy ndarray object implements CPU Array Interface as well as Buffer Protocol for sharing its data buffers:

>>> import numpy
>>> arr = numpy.array([1, 2, 3, 4])
>>> arr.__array__()
array([1, 2, 3, 4])
>>> arr.__array_interface__
{'data': (94398925856320, False), 'strides': None, 'descr': [('', '<i8')], 'typestr': '<i8', 'shape': (4,), 'version': 3}
>>> arr.__array_struct__
<capsule object NULL at 0x7f86f8354a80>
>>> memoryview(arr)
<memory at 0x7f8824bf94c0>





NumPy ndarray can be used for wrapping arbitrary objects that implement the CPU Array Interface or Buffer Protocol:

>>> data = numpy.array([1, 2, 3, 4, 5])  # this will be the only place where memory will be located for data
>>> class A1:
...     def __array__(self): return data
... 
>>> class A2:
...     __array_interface__ = data.__array_interface__
... 
>>> class A3:
...     __array_struct__ = data.__array_struct__
... 
>>> a1 = numpy.asarray(A1())
>>> a1[0] = 11
>>> a2 = numpy.asarray(A2())
>>> a2[1] = 21
>>> a3 = numpy.asarray(A3())
>>> a3[2] = 31
>>> m4 = memoryview(data)
>>> a4 = numpy.frombuffer(m4, dtype=m4.format)
>>> a4[3] = 41
>>> data
array([11, 21, 31, 41,  5])






Performance

As seen above, there are at least four ways to construct a NumPy ndarray view of objects implementing different protocols.
Here follows a performance test for all these cases:


>>> import timeit
>>> e4 = timeit.timeit('asarray(a)', globals=dict(asarray=numpy.frombuffer, a=m4), number=100000)
>>> round(timeit.timeit('asarray(a)', globals=dict(asarray=numpy.asarray, a=A1()), number=100000) / e4, 1)
5.8
>>> round(timeit.timeit('asarray(a)', globals=dict(asarray=numpy.asarray, a=A2()), number=100000) / e4, 1)
6.5
>>> round(timeit.timeit('asarray(a)', globals=dict(asarray=numpy.asarray, a=A3()), number=100000) / e4, 1)
4.8






So, the Array Interface methods __array_interface__, __array__,
__array_struct__ are 4.5 to 6.5 times slower than the Buffer Protocol.




Recommendations

By default, numpy.frombuffer(buf) returns a NumPy ndarray with dtype==numpy.float64 but discards buf.format.
I think it would make sense to use the buf.format for determing the dtype of the numpy.frombuffer result, as
demostrated in the following:

>>> data = numpy.array([1, 2, 3, 4, 5])
>>> buf = memoryview(data)
>>> numpy.frombuffer(buf)
array([4.9e-324, 9.9e-324, 1.5e-323, 2.0e-323, 2.5e-323])
>>> numpy.frombuffer(buf, dtype=buf.format)
array([1, 2, 3, 4, 5])










Using array/buffer interfaces in the context of PyTorch tensors

The following examples use PyTorch version 1.9.0a0.

PyTorch Tensor object implements the CPU Array Interface partly and does not implement Buffer Protocol:

>>> import torch
>>> t = torch.tensor([1, 2, 3, 4, 5])
>>> arr = t.__array__()  # equivalent to numpy.asarray(t)
>>> arr[0] = 99
>>> t
tensor([99,  2,  3,  4,  5])
>>> t.__array_interface__
AttributeError: 'Tensor' object has no attribute '__array_interface__'
>>> t.__array_struct__
AttributeError: 'Tensor' object has no attribute '__array_struct__'
>>> memoryview(t)
TypeError: memoryview: a bytes-like object is required, not 'Tensor'





However, since the Tensor.__array__() method returns a NumPy ndarray as a view of tensor data buffer,
the CPU Array Interface is effective to PyTorch tensors:

>>> t.__array__().__array_interface__
{'data': (94398970087872, False), 'strides': None, 'descr': [('', '<i8')], 'typestr': '<i8', 'shape': (5,), 'version': 3}
>>> t.__array__().__array_struct__
<capsule object NULL at 0x7f8692074840>
>>> memoryview(t.__array__())
<memory at 0x7f8691a96f40>





PyTorch Tensor object implements the CUDA Array Interface:

>>> t = torch.tensor([1, 2, 3, 4, 5], device='cuda')
>>> t.__cuda_array_interface__
{'typestr': '<i8', 'shape': (5,), 'strides': None, 'data': (140214628515840, False), 'version': 2}





PyTorch Tensor object cannot be used for wrapping arbitrary objects that implement the CPU Array Interface:

>>> data = numpy.array([1, 2, 3, 4, 5])
>>> class A1:
...     def __array__(self): return data
... 
>>> class A2:
...     __array_interface__ = data.__array_interface__
... 
>>> class A3:
...     __array_struct__ = data.__array_struct__
... 
>>> t1 = torch.as_tensor(A1())
RuntimeError: Could not infer dtype of A1
>>> t2 = torch.as_tensor(A2())
RuntimeError: Could not infer dtype of A2
>>> t3 = torch.as_tensor(A3())
RuntimeError: Could not infer dtype of A3





However, wrapping the objects with NumPy ndarray first, one can effectively wrap arbitrary objects using PyTorch Tensor object:

>>> t1 = torch.as_tensor(numpy.asarray(A1()))
>>> t1[0] = 101
>>> t2 = torch.as_tensor(numpy.asarray(A2()))
>>> t2[1] = 102
>>> t3 = torch.as_tensor(numpy.asarray(A3()))
>>> t3[2] = 103
>>> data
array([101, 102, 103,   4,   5])





PyTorch Tensor object implements the Buffer Protocol partly (or incorrectly):

>>> m4 = memoryview(data)
>>> t4 = torch.as_tensor(m4)  # A copy of memoryview buffer is made!!!
>>> t4[3] = 104
>>> data
array([101, 102, 103,   4,   5])





but wrapping with NumPy ndarray provides a workaround:

>>> t4 = torch.as_tensor(numpy.frombuffer(m4, dtype=m4.format))
>>> t4[3] = 104
>>> data
array([101, 102, 103, 104,   5])





PyTorch Tensor object can be used for wrapping arbitrary objects that implement the CUDA Array Interface:

>>> cuda_data = torch.tensor([1, 2, 3, 4, 5], device='cuda')
>>> class A5:
...     __cuda_array_interface__ = cuda_data.__cuda_array_interface__
... 
>>> t5 = torch.as_tensor(A5(), device='cuda')  # device must be specified explicitly
>>> t5[4] = 1005
>>> cuda_data
tensor([   1,    2,    3,    4, 1005], device='cuda:0')






Recommendations


	Implement torch.Tensor.__array_interface__ and torch.Tensor.__array_struct__ attributes to fully support the CPU Array Interfaced.


	torch.as_tensor(obj) should succeed when obj implements the CPU Array Interface but is not NumPy ndarray nor PyTorch Tensor object.


	torch.as_tensor(obj) should use device='cuda' by default when obj implements the CUDA Array Interface. Currently, a CPU copy of a CUDA data buffer is returned from torch.as_tensor(obj) while it would be more natural to return a CUDA view of the CUDA data buffer, IMHO.


	torch.as_tensor(buf) should return a view of data buffer when buf is memoryview object. Currently, a copy of data buffer is made. BC alert!









The current usage of array interfaces in different Python libraries - an estimate.

Many Python libraries have adopted the above mentioned array
interfaces. We do not attempt to compose a complete list of such
libraries here.  Instead, to get a rough idea of the explicit usage of
array interfaces, we use GitHub code search tool and report the code
hits for relevant search patterns as shown below (all queries were executed on March 5, 2021).

The search results about using/exposing array interfaces in Python codes:

extension:.py "__array__"                              102,931 hits
extension:.py "__array_interface__"                     50,970 hits
extension:.py "__array_struct__"                         9,478 hits
extension:.py "__cuda_array_interface__"                   424 hits





as well as in C/C++ codes:

extension:.c extension:.cpp "__array_struct__"           1,530 hits
extension:.c extension:.cpp "__array_interface__"        1,202 hits
extension:.c extension:.cpp "__cuda_array_interface__"      91 hits
extension:.c extension:.cpp "__array__"                  1,574 hits (lots of unrelated hits)





The search results about exposing array interfaces in Python codes:

extension:.py "def __array__("                          57,445 hits
extension:.py "def __array_interface__("                11,097 hits
extension:.py "def __cuda_array_interface__("              146 hits
extension:.py "def __array_struct__("                       19 hits





The search results for some popular Python methods, given here for
reference purposes only:

extension:.py "def __init__("                       33,653,170 hits
extension:.py "def __getitem__("                     2,185,139 hits
extension:.py "def __len__("                         1,802,131 hits





Clearly, the most used array interface details are __array__ and
__array_interface__.

Currently, PyTorch implements hooks for
__array__ and __cuda_array_interface__ but not for
__array_interface__ nor __array_struct__, although, workarounds exists
when using NumPy ndarray as intermediate wrapper of data buffers (see above).
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The aim of this blog post is to review naming conventions used in various software that implement CSR format support. The need for this review originates from a PyTorch issue comment [https://github.com/pytorch/pytorch/pull/57274#issuecomment-833697078].

The CSR format, originating from mid-1960, was introduced to represent two-dimensional arrays (matrices) by three one-dimensional arrays:


	explicitly specified values, dimension is nnz


	extents of rows, dimension is nrows + 1


	column indices, dimension is nnz




where nrows denotes the number of array rows and nnz denotes the number of specified values.

Note: the notation nnz is an abreviaton from the “number of non-zero” elements. However, the “non-zero” part
should not be taken literally because nothing in the CSR format specification requires that the specified
values must be non-zero. The more appropiate term would be the “number of specified elements” (NSE) but
many software still use nnz while allowing explicit zero values.

The following table summarizes the CSR format naming conventions used in existing software as well as elsewhere (ordering is arbitrary):



	Software

	NSE

	values

	extents of rows

	column indices





	PyTorch (Python) [https://pytorch.org/docs/master/generated/torch.sparse_csr_tensor.html?highlight=csr#torch.sparse_csr_tensor]

	nnz

	values

	crow_indices

	col_indices



	scipy.sparse (Python) [https://docs.scipy.org/doc/scipy/reference/generated/scipy.sparse.csr_matrix.html]

	nnz

	data

	indptr

	indices



	PyData Sparse (Python) [https://sparse.pydata.org/en/stable/generated/sparse.GCXS.html]

	nnz

	data

	indptr

	indices



	cuSparse (C) [https://docs.nvidia.com/cuda/cusparse/index.html#csr-format]

	nnz

	csrValA

	csrRowPtrA

	csrColIndA



	Intel MKL solvers (C) [https://software.intel.com/content/www/us/en/develop/documentation/onemkl-developer-reference-c/top/appendix-a-linear-solvers-basics/sparse-matrix-storage-formats/sparse-blas-csr-matrix-storage-format.html]

	

	values

	rowIndex

	columns



	Intel MKL CSR format (C) [https://software.intel.com/content/www/us/en/develop/documentation/onemkl-developer-reference-c/top/blas-and-sparse-blas-routines/inspector-executor-sparse-blas-routines/matrix-manipulation-routines/mkl-sparse-create-csr.html]

	

	values

	rows_start/rows_end

	col_indx



	GNU GSL (C) [https://www.gnu.org/software/gsl/doc/html/spmatrix.html]

	nnz

	data

	row_ptr

	col



	AOCL-sparse [https://github.com/amd/aocl-sparse]

	nnz

	val

	row_ptr

	col_ind



	SPARSEKIT (Fortran) [https://people.sc.fsu.edu/~jburkardt/f77_src/sparsekit/sparsekit.html]

	n

	a

	ia

	ja



	SparseM (R) [https://cran.r-project.org/web/packages/SparseM/vignettes/SparseM.pdf]

	nnz

	ra

	ia

	ja



	MathDotNet (C#) [https://numerics.mathdotnet.com/api/MathNet.Numerics.LinearAlgebra.Storage/SparseCompressedRowMatrixStorage%601.htm]

	ValueCount

	Values

	RowPointers

	ColumnIndices



	Stan Math Library (C++) [https://mc-stan.org/math/dc/d79/group__csr__format.html]

	NNZE

	w

	u

	v



	Magma Sparse (C) [https://icl.cs.utk.edu/projectsfiles/magma/doxygen/_m_a_g_m_a-sparse.html]

	nnz

	val

	row

	col



	https://arxiv.org/abs/1511.02494

	N

	val

	rowptr

	colind



	Wikipedia Sparse Matrix [https://en.wikipedia.org/wiki/Sparse_matrix#Compressed_sparse_row_(CSR,_CRS_or_Yale_format)]

	NNZ

	V

	ROW_INDEX

	COL_INDEX



	Sputnik [https://github.com/google-research/sputnik]

	nonzeros

	values

	row_offsets

	column_indices






Notes:


	Using NNZ for the number of specified elements is dominant. Documentation of various software define it as the “number of non-zero” elements and in next sentense these may mention that explicit zero values are allowed. In summary, the usage of NNZ can be characterized as “the most consistently used inconsistency between the notation and the actual definition”.


	Some software just don’t care about the clarity of the used naming convention and appear to consider the naming convention as implementation detail: ia, w, etc


	Software that use row or row_index or rowIndex for naming the “extents of rows” array are not really good role models for choosing naming conventions (IMHO) because the given namings are misleading in the sense that the values of the “extents of rows” array are never the row indices (but are input parameters to row index generators).


	There is a dominant naming convenion for the “extents of rows” that is derived from the phrase “row/index pointers”: RowPtr, rowptr, row_ptr, indptr. However, the usage of “pointers” may be confusing for C/C++ programmers because in C/C++ language the term is used as “a memory address of a variable”.


	PyTorch currently uses crow_indices for the “extents of rows” and is derived from phrase “Compressed ROW INDICES”. However, unwitting user may relate “crow” to a bird Crow [https://en.wikipedia.org/wiki/Crow].





Conclusions

The current choice of PyTorch naming convention is satisfactory (IMHO) but not ideal mainly because of crow_indices choice that is not used elsewhere and has birdish flavor. On the other hand, there appears to be no naming convention that would be ideal in general and therefore I think that PyTorch has a freedom as well as opportinity to introduce better naming convention from other software with respect to sparse tensor formats. The naming convention must be


	pythonic as most PyTorch users are Python users


	acceptable for C++ programs as PyTorch code base is C++ heavy


	accurate in the sense that naming will match with the actual definition/constraints of the notations, or at least, the naming choice should not be misleading.
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The aim of this blog post is to define the invariants of PyTorch tensors with CSR layout.


CSR tensor members

A tensor with CSR layout has the following members (as defined by constructor sparse_csr_tensor):


	crow_indices contains the compressed row indices information


	col_indices contains column indices


	values contains the values of tensor elements


	size defines the shape of tensor


	dtype defines the dtype of tensor elements


	layout holds the layout parameter


	device holds the device of values storage


	pin_memory defines if cuda storage uses pinned memory







Type invariants

1.1 crow_indices.dtype == indices_dtype

1.2 col_indices.dtype = indices_dtype

1.3 indices_dtype is int32 (default) or int64

1.4 values.dtype == dtype

1.5 dtype is float32 (default), or float64, or int8, …, or int64




Layout invariants

2.1 crow_indices.layout == torch.strided

2.2 col_indices.layout == torch.strided

2.3 values.layout == torch.strided

2.4 layout == torch.sparse_csr




Shape and strides invariants

3.1 size == (nrows, ncols), that is, CSR tensor represents a 2 dimensional tensor

3.2 crow_indices.dim() == 1

3.3 col_indices.dim() == 1

3.4 values.dim() == 1

3.5 crow_indices.stride() == (1,) or crow_indices.is_contiguous()

3.6 col_indices.stride() == (1,) or col_indices.is_contiguous()

3.7 values.stride() == (1,) or values.is_contiguous()

3.8 crow_indices.size() == (nrows+1,) or crow_indices.numel() == nrows + 1

3.9 col_indices.size() == (nnz,) or col_indices.numel() == nnz

3.10 values.size() == (nnz,) or values.numel() == nnz

3.11 numel() == nrows * ncols is the number of indexable elements




Device invariants

4.1 device is CPU or CUDA

4.2 crow_indices.device == device

4.3 col_indices.device == device

4.4 values.device == device




Indices invariants

5.1 crow_indices[0] == 0

5.2 crow_indices[nrows] == nnz

5.3 crow_indices[i-1] <= crow_indices[i] for all i=1,...,nrows

5.4 0 <= col_indices.min()

5.5 col_indices.max() < ncols




Invariant checks

According to PR 57274 [https://github.com/pytorch/pytorch/pull/57274], creating a CSR tensor has the following function calling tree with the corresponding invariant checks:


	sparse_csr_tensor(crow_indices, col_indices, values, size)


	_validate_sparse_csr_tensor_args(crow_indices, col_indices, values, size)


	2.2, 3.6, 2.1, 3.5, 2.3, 3.7, 3.1, 3.2, 3.3, 3.4, 3.8, 3.9/3.10, 5.1, 5.2, 5.3, 5.4, 5.5






	_sparse_csr_tensor_unsafe(crow_indices, col_indices, values, size)


	4.1, 2.4


	new_csr_tensor()


	2.4






	resize_and_clear_(nnz=values.numel(), size)


	crow_indices_.resize(size[0]+1)  3.8


	col_indices_.resize(nnz)  3.9


	values_.resize(nnz) 3.10


	sizes_and_strides_.set_sizes(size) 3.1


	refresh_numel() 3.11






	set_member_tensors(crow_indices, col_indices, values)


	1.1, 1.2, 1.3, 1.4, 4.4, 4.2, 4.3


	crow_indices_ = crow_indices


	col_indices_ = col_indices


	values_ = values














	sparse_csr_tensor(crow_indices, col_indices, values)


	size = (crow_indices.numel() - 1, col_indices.max() + 1)


	_validate_sparse_csr_tensor_args(crow_indices, col_indices, values, size)


	_sparse_csr_tensor_unsafe(crow_indices, col_indices, values, size)













    

    


            

          

      

      

    

  

  
    
    
    CSR tensor support in PyTorch
    

    

    

    

    

    

    

    
 
  

    
      
          
            
  
CSR tensor support in PyTorch



	

	





	Author

	Pearu Peterson



	Created

	2021-04-07






The aim of this blog post is to propose a roadmap for completing the
implementation of the CSR layout for PyTorch tensors that is started
in PR 50937 [https://github.com/pytorch/pytorch/pull/50937].

The CSR layout was introduced to resolve the issue of slow matrix
multiplication with sparse matrices when using the existing COO layout
support in PyTorch. See Roadmap for torch.sparse Matrix Product
API [https://github.com/dhavide/rfcs/blob/master/RFC-0004-pyTorch-sparse-matmul-roadmap.md]
for overview. The PR 50937 resolves this issue with high success: the
performance of matrix multiplication of sparse matrix-vector and
sparse matrix-dense matrix increases by ten-fold when using the CSR
layout, another five-fold increase is achieved when using Intel MKL
library tools, see CSR vs COO
benchmarks [https://github.com/pytorch/pytorch/pull/44190#issue-479538842].

However, maintaining the PR 50937 and preparing it for landing has
become an increasingly difficult task because of


	the constant flux in PyTorch and used libraries APIs that causes
periodic merge conflicts,


	inherit inference between different PyTorch features (Autograd,
TorchScript, Testing, etc) that must be taken into account when
implementing a new storage layout,


	the current conversation count (> 250), the discussion items count
(ca 400), and the commit count (ca 260) makes hard to grasp the
overall state of the PR.




It has been
agreed [https://github.com/pytorch/pytorch/pull/50937#issuecomment-811253895]
that the PR will land as it is but the work on the CSR layout support
needs to continue to meet the (still envolving) PyTorch coding and
testing standards.

Here, an attempt will be made to organize and discuss the follow-up
tasks for completing the CSR layout support.


Unresolved discussion items


	https://github.com/pytorch/pytorch/pull/50937#discussion_r562636792 - simplify under contiguity assumption


	https://github.com/pytorch/pytorch/pull/50937#discussion_r562646336, https://github.com/pytorch/pytorch/pull/50937#discussion_r562648465 - hardcoded development style


	https://github.com/pytorch/pytorch/pull/50937#discussion_r562656595 - docs


	https://github.com/pytorch/pytorch/pull/50937#discussion_r563184880 - VS build failure


	https://github.com/pytorch/pytorch/pull/50937#discussion_r563185162 - int32 vs int64 performance, releated to https://github.com/pytorch/pytorch/issues/56959


	~https://github.com/pytorch/pytorch/pull/50937#issuecomment-766777337 - is it fixed?~ yes, csr tensor repr is ok.


	~https://github.com/pytorch/pytorch/pull/50937#issuecomment-766778930 - is it fixed?~ yes, csr tensor size is deduced from indices


	~https://github.com/pytorch/pytorch/pull/50937#issuecomment-803905480 - is it fixed?~ yes, docs look ok, although doc build success is not verified


	https://github.com/pytorch/pytorch/pull/50937#discussion_r603533421 - is it fixed?, no: decide if crow_indices() should return Tensor or const Tensor &


	https://github.com/pytorch/pytorch/pull/50937#discussion_r603535187 - is it fixed?, no AFICT: need single point entry for constructing csr tensor


	https://github.com/pytorch/pytorch/pull/50937#discussion_r603536011 - resize internal tensors for memory efficiency https://github.com/pytorch/pytorch/issues/56696, https://github.com/pytorch/pytorch/pull/56744


	https://github.com/pytorch/pytorch/pull/50937#discussion_r603537183 - eliminate memory format, https://github.com/pytorch/pytorch/issues/56697


	~https://github.com/pytorch/pytorch/pull/50937#discussion_r604353856 - test return value~, fixed in master


	~https://github.com/pytorch/pytorch/pull/50937#discussion_r604354153 - use C++ RAII~, fixed in master


	https://github.com/pytorch/pytorch/pull/50937#discussion_r604379873 - dims/size checks, we’ll need implement tests for bad inputs


	~https://github.com/pytorch/pytorch/pull/50937#discussion_r604968109 - code repetitions~, looks resolved to me







MKL and Windows build issues


	https://github.com/pytorch/pytorch/pull/50937#issuecomment-778288404
and conversation following that. The issue is summarized in
https://github.com/pytorch/pytorch/pull/50937#issuecomment-779272492
with possible solutions.







MKL and macOS build issues


	https://github.com/pytorch/pytorch/pull/50937#issuecomment-803909578







CSR indices support int32 and int64


	~https://github.com/pytorch/pytorch/pull/50937#discussion_r603538191 - expect one int type~


	~https://github.com/pytorch/pytorch/pull/50937#discussion_r604349014 - why not default to int32?~


	~https://github.com/pytorch/pytorch/pull/50937#discussion_r604969458~




See also https://github.com/pytorch/pytorch/issues/56959 that summarizes
the background of the three discussion items above.

IIUC, it would be preferred to support a single dtype for CSR indices
tensors. (Explain why this preference).  While COO uses only int64 as
dtype for indices, a natural choice for the dtype of CSR
crow/col_indices would also be int64. As a result, the situation
would be simpler for users, conversion from COO to CSR and CSR to COO
would be memory/processor efficient, etc. However, a big performance
gain in matrix multiplication is achieved when using Intel MKL library
tools but with the current MKL support in PyTorch, only int32 indices
can be used as inputs to MKL routines.

So, we could fix dtype to int64 (as in COO) but at the expense that
one needs int64->int32 conversion (and inverse?) whenever calling an
MKL routine.

We could also fix dtype to int32 (that would be most efficient when
using MKL support) but at the expense that all conversions between COO
and CSR would be more expensive than necessary.

Btw, the conversion between COO and CSR is important because the COO
layout is the most human-friendly layout for constructing sparse
tensors while the CSR layout is computationally much more efficient
than COO.




COO to CSR conversion


	https://github.com/pytorch/pytorch/pull/50937#discussion_r604346660 - slow because implemented in Python, about 3x slower than gcs, https://github.com/pytorch/pytorch/issues/57381


	https://github.com/pytorch/pytorch/pull/50937#discussion_r608326213 - dense-csr without coo




Not much to discuss here: for efficiency, implement the direct dense
to CSR conversion in C++. This will be important when we decide that
the indices of COO and CSR will have different dtypes. Otherwise, I
would not expect much performance gain.




Testing


	~https://github.com/pytorch/pytorch/pull/50937#discussion_r604348471 - see modern COO testing https://github.com/pytorch/pytorch/issues/56371~


	~https://github.com/pytorch/pytorch/pull/50937#discussion_r608327057 - don’t set default_dtype_type https://github.com/pytorch/pytorch/issues/56369~, fixed


	~https://github.com/pytorch/pytorch/pull/50937#discussion_r608327057 - avoid using numpy https://github.com/pytorch/pytorch/issues/56371~, fixed


	~https://github.com/pytorch/pytorch/pull/50937#discussion_r608675701 - inefficient CSR samples https://github.com/pytorch/pytorch/issues/56371~, fixed







Avoid COO-isms


	https://github.com/pytorch/pytorch/pull/50937#discussion_r604364248


	https://github.com/pytorch/pytorch/pull/50937#discussion_r604365304 - empty indices, https://github.com/pytorch/pytorch/issues/56696, WIP: https://github.com/pytorch/pytorch/pull/56744


	https://github.com/pytorch/pytorch/pull/50937#discussion_r604369842 - aliasing, what happens to CSR after resizing values? CSR invariants!


	https://github.com/pytorch/pytorch/pull/50937#discussion_r604379081 - always require contiguity?


	https://github.com/pytorch/pytorch/pull/50937#discussion_r604379537 - device testing


	https://github.com/pytorch/pytorch/pull/50937#discussion_r604384386 - introduce sparse_csr namespace


	https://github.com/pytorch/pytorch/pull/50937#discussion_r604974231


	https://github.com/pytorch/pytorch/pull/50937#discussion_r608312412 - docs







Code quality


	https://github.com/pytorch/pytorch/pull/50937#discussion_r604972242


	https://github.com/pytorch/pytorch/pull/50937#discussion_r604972910 - CPU logic


	https://github.com/pytorch/pytorch/pull/50937#discussion_r604989807 - avoid auto-deduction


	https://github.com/pytorch/pytorch/pull/50937#discussion_r608326624 - use assertExpectedInline







Deal for landing PR 50937


	https://github.com/pytorch/pytorch/pull/50937#issuecomment-811253895 - the deal of landing


	https://github.com/pytorch/pytorch/pull/50937#issuecomment-812888029 - tentative plan


	https://github.com/pytorch/pytorch/pull/50937#discussion_r608312830 - dtype/device parameters


	https://github.com/pytorch/pytorch/pull/50937#issuecomment-814944029 - more todo items







Main features missing


	CUDA support in the CSR layout https://github.com/pytorch/pytorch/issues/56485


	Inference with Autograd - this is relevant also to COO layout as to
sparse tensor support in general.


	Generalization of CSR as N-dimensional tensor
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The aim of this blog post is to propose a classification of PyTorch
tensor creation operations and seek for the corresponding testing
patterns.

This blog post is inspired by the new PyTorch testing
framework [https://github.com/pytorch/pytorch/wiki/Writing-tests-in-PyTorch-1.8]
that introduces the OpInfo pattern to simplify writing tests for
PyTorch. However, it does not yet provide a solution to the problem of
testing tensor creation operations that would be required in PR
54187 [https://github.com/pytorch/pytorch/pull/54187], for instance.




Introduction

In general, Tensor instances can be created from other Tensor
instances as a result of tensor operations. But not only. Here we
consider tensor creation operations that inputs can be arbitrary
Python objects from which new Tensor instances can be constructed.
For instance, tensors can be constructed from objects that
implement Array Interface protocol, or from Python sequences that
represent array-like structures, or from Python integers as in the
case of torch.zeros, torch.arange, etc. The created tensors may or
may not share the memory with the input objects depending on the
particular operation as well as on the used device or dtype
parameter values.




Tensor creation operations

To distinguish tensor creation operations from other operations, we
define the tensor creation operations as operations that result
a Tensor instance with user-specified


	device property: cpu, cuda, etc


	dtype property: torch.int8, torch.int16, …, torch.float32, torch.float64, …, torch.complex64, torch.complex128, …


	layout property: torch.strided, torch.sparse_coo, torch.sparse_csr


	or are constructed from non-Tensor objects.




According to this definition, PyTorch implements the following
tensor creation operations:


	construction from user-specified data and layout:

# N-D strided tensors, always copy
torch.tensor(data, *, dtype=None, device=None, requires_grad=False, pin_memory=False) → Tensor

# N-D strided tensors, memory may be shared
torch.as_tensor(data, dtype=None, device=None) → Tensor
torch.from_numpy(ndarray) → Tensor

# N-D sparse tensors
torch.sparse_coo_tensor(indices, values, size=None, *, dtype=None, device=None, requires_grad=False) → Tensor

# 2-D sparse tensors
torch.sparse_crs_tensor(crow_indices, col_indices, values, size=None, *, dtype=None, device=None, requires_grad=False) → Tensor







	construction from user-specified shape and data is computed:

# 1-D tensors
torch.arange(start=0, end, step=1, *, out=None, dtype=None, layout=torch.strided, device=None, requires_grad=False) → Tensor
torch.linspace(start, end, steps, *, out=None, dtype=None, layout=torch.strided, device=None, requires_grad=False) → Tensor
torch.logspace(start, end, steps, base=10.0, *, out=None, dtype=None, layout=torch.strided, device=None, requires_grad=False) → Tensor

# 2-D tensors
torch.eye(n, m=None, *, out=None, dtype=None, layout=torch.strided, device=None, requires_grad=False) → Tensor

# N-D tensors
torch.zeros(*size, *, out=None, dtype=None, layout=torch.strided, device=None, requires_grad=False) → Tensor
torch.ones(*size, *, out=None, dtype=None, layout=torch.strided, device=None, requires_grad=False) → Tensor
torch.full(size, fill_value, *, out=None, dtype=None, layout=torch.strided, device=None, requires_grad=False) → Tensor
torch.zeros_like(input, *, dtype=None, layout=None, device=None, requires_grad=False, memory_format=torch.preserve_format) → Tensor
torch.ones_like(input, *, dtype=None, layout=None, device=None, requires_grad=False, memory_format=torch.preserve_format) → Tensor
torch.full_like(input, fill_value, *, dtype=None, layout=torch.strided, device=None, requires_grad=False, memory_format=torch.preserve_format) → Tensor







	construction from user-specified shape but data is left unspecified:

# N-D tensors
torch.empty(*size, *, out=None, dtype=None, layout=torch.strided, device=None, requires_grad=False, pin_memory=False) → Tensor
torch.empty_like(input, *, dtype=None, layout=None, device=None, requires_grad=False, memory_format=torch.preserve_format) → Tensor

# N-D strided tensors
torch.empty_strided(size, stride, *, dtype=None, layout=None, device=None, requires_grad=False, pin_memory=False) → Tensor







	construction from user-specified shape and data is random (computed from pseudo-random generator):

# N-D tensors
torch.randn(*size, *, out=None, dtype=None, layout=torch.strided, device=None, requires_grad=False) → Tensor
torch.rand(*size, *, out=None, dtype=None, layout=torch.strided, device=None, requires_grad=False) → Tensor
torch.randint(low=0, high, size, *, generator=None, out=None, dtype=None, layout=torch.strided, device=None, requires_grad=False) → Tensor

torch.randn_like(input, *, dtype=None, layout=None, device=None, requires_grad=False, memory_format=torch.preserve_format) → Tensor
torch.rand_like(input, *, dtype=None, layout=None, device=None, requires_grad=False, memory_format=torch.preserve_format) → Tensor
torch.randint_like(input, low=0, high, *, dtype=None, layout=torch.strided, device=None, requires_grad=False, memory_format=torch.preserve_format) → Tensor

# 1-D tensor with size n
torch.randperm(n, *, generator=None, out=None, dtype=torch.int64, layout=torch.strided, device=None, requires_grad=False, pin_memory=False) → Tensor







	construction from user-specified dtypes and Tensor data:

# N-D tensors with complex dtype
torch.complex(real, imag, *, out=None) → Tensor
torch.polar(abs, angle, *, out=None) → Tensor

# N-D tensors with dtypes quint8, qint8, and qint32
torch.quantize_per_tensor(input, scale, zero_point, dtype) → Tensor
torch.quantize_per_channel(input, scales, zero_points, axis, dtype) → Tensor
torch.dequantize(tensor) → Tensor










Notes


	Many of the tensor creation operations use requires_grad input
parameter. In the context of testing tensor creation operations, the
requires_grad argument does not define the content and data
location of Tensor data and hence can be ignored here.


	The memory_format input parameter is used in all torch.*_like
functions and it has an affect to the strides information of tensors
using strided layout.


	Few tensor creation operations use pin_memory input parameter that
affects the choice of memory allocation address space and allows
accessing data buffers from CPU or CUDA processes without the need
to explicitly copy Tensor data in between devices.


	In the case of torch.*_like functions, the default values of
size, dtype, device, and layout are determined by the input
tensor.


	The behaviour of the out input parameter is defined [in
here](https://github.com/pytorch/pytorch/wiki/Developer-FAQ#how-does-out-work-in-pytorch,
although a lot of existing behaviour is left undefined, for
instance, the cases where out already contains data, etc. When
out parameter is specified, it will be the tensor object returned
from the operation, possibly resized.


	The CSR layout support exists currently in PR
50937 [https://github.com/pytorch/pytorch/pull/50937].







Testing tensor creation operations

In general, testing of an operation for a correct behaviour (as
specified in its documentation, or defined by mathematics, or
determined by some supported protocol, etc) involves checking if a
given input produces an expected result. In the case of tensor
creation operations, the input parameters define not only the content
of tensor data buffers (dtype, values, shape) but also how and where
the data is stored in memory (layout, strides, device, input memory
shared or not, etc). Different from OpInfo framework goals, testing
with respect to Autograd support is mostly irrelevant as the inputs to
tensor creation operations are not PyTorch Tensor objects (except for
few cases like torch.sparse_coo_tensor, torch.complex, etc, and
for view operations).

Let Op(...) -> Tensor be a tensor creation operation.  There exists
a number of patterns that can be defined for testing the correctness
of Op:


	Specifying a tensor property in an argument list must result in a
tensor that has this property:

Op(..., dtype=dtype).dtype == dtype
Op(..., device=device).device == device
Op(..., layout=layout).layout == layout
Op_like(input, ...).dtype == input.dtype
Op_like(input, ...).device == input.device
Op_like(input, ...).layout == input.layout





whereas the explict definition of a property in Op_like argument
list overrides the corresponding property of input tensor.



	Specification of out parameter will lead to the same result as in
the case of unspecified out parameter, unless the out argument
specification is erroneous (e.g. it has a different dtype from the
dtype of an expected result):

Op(*args, out=a, **kwargs) == a == Out(*args, **kwargs)







	For Tensor creation operations that have NumPy analogies, such as
zeros, ones, arange, etc, use NumPy functions as reference
implementations:

torch.Op(...).numpy() == numpy.Op(...)





Warnings: numpy.Op may have a different user-interface from the
corresponding torch.Op one. Using NumPy functions as reference is
based on the assumption that NumPy functions behave
correctly. Seldomly, the definitions of correctness may vary in
between projects.



	The content of a tensor does not depend on the used storage
device, data storage layout, nor memory format:

torch.Op(..., device=device).to(device='cpu') == torch.Op(..., device='cpu')
torch.Op(..., layout=layout).to_dense() == torch.Op(..., layout=torch.strided)
torch.Op(..., memory_format=memory_format).to(memory_format=torch.contiguous_format) == torch.Op(..., memory_format=torch.contiguous_format)







	Tensors created using pin_memory=True must be accessible from CUDA device:

class W:
    def __init__(self, tensor):
       self.__cuda_array_interface__ = tensor.__array__.__array_interface__

x = torch.Op(..., pin_memory=True)
assert x.device == 'cpu'
t = torch.as_tensor(W(x), device='cuda')
assert w.device.startswith('cuda')
x += 1                                   # modify x in-place
assert (t.to(device='cpu') == x).all()   # changes in x are reflected in t







	When Op represents a random tensor creation operation, its
correctness must be verified using statistical methods (e.g. by
computing the statistical moments of results, and comparing these
with the expected values, approximately).


	Tensor constructor torch.tensor must be able to construct a
tensor from the following objects:


	NumPy ndarray objects


	nested sequences of numbers


	objects implementing CPU/CUDA Array Interface protocols (as in PR 54187 [https://github.com/pytorch/pytorch/pull/54187])


	objects implementing PEP 3118 Buffer protocol




whereas the resulting tensor must not share the memory with the
input data buffer.



	Tensor constructor torch.as_tensor must be able to construct a
tensor from the following objects:


	PyTorch Tensor instance


	NumPy ndarray objects


	nested sequences of numbers


	objects implementing CPU/CUDA Array Interface protocols (as in PR 54187 [https://github.com/pytorch/pytorch/pull/54187])


	objects implementing PEP 3118 Buffer protocol




whereas the resulting tensor may share the memory with the input
data buffer.



	All view operations must be tested by modifying the view result,
and then checking if the corresponding changes appear in the
original tensor:

a = Op(x)  # create a view of x
a += 1     # modify the view in-place
a == Op(x) # recreating the view gives the modified view












The current state of testing tensor creation operations in PyTorch

Clearly, many of the tensor creation operations are heavily used in
PyTorch testing suite for creating inputs to various tests of PyTorch
functionality. However, when extending the functionality of tensor
creation operations, it is not always obvious where the corresponding
tests should be implemented. Also, not all tensor creation operations
are systematically tested.

For instance, let us consider torch.as_tensor operation. It has
unit-tests implemented in
test/test_tensor_creation_ops.py:TestTensorCreation.test_as_tensor() [https://github.com/pytorch/pytorch/blob/e5b97777e3bfd426681fa1b242573bd232eb675d/test/test_tensor_creation_ops.py#L2058-L2114]
that covers the following parameter cases:


	Only CPU device case is tested. While the test method contains if torch.cuda.is_available(): blocks containing CUDA device cases but
these are disabled by the usage of onlyCPU decorator.


	Only the following dtype cases are used in tests: float64,
float32, int64, int8, uint8. Although, this can be
considered a negligible problem because it is unlikely that untested
dtype cases would have serious issues.


	Only Tensor and list instances are used as inputs to
torch.as_tensor to test the tensor creation operation.


	Only Tensor instances are used as inputs to torch.as_tensor to test
the copy and non-copy effect of the operation.




test/test_tensor_creation_ops.py:TestTensorCreation.test_tensor_ctor_device_inference() [https://github.com/pytorch/pytorch/blob/e5b97777e3bfd426681fa1b242573bd232eb675d/test/test_tensor_creation_ops.py#L2470] covers torch.as_tensor(..., device=device).device == device for CPU and CUDA devices and float32/64 dtype.

test/test_tensor_creation_ops.py:TestTensorCreation.test_tensor_factories_empty() [https://github.com/pytorch/pytorch/blob/e5b97777e3bfd426681fa1b242573bd232eb675d/test/test_tensor_creation_ops.py#L2535] covers creating an empty tensor from list via torch.as_tensor().

test/test_numba_integration.py:TestNumbaIntegration.test_cuda_array_interface [https://github.com/pytorch/pytorch/blob/c371542efc31b1abfe6f388042aa3ab0cef935f2/test/test_numba_integration.py#L19]
covers testing CUDA Array Interface via torch.as_tensor().

Finally, when implementing PR
54187 [https://github.com/pytorch/pytorch/pull/54187], I noticed that
torch.tensor was creating a non-copy Tensor instance from an object
that implements Array Interface. The operation torch.tensor should
always copy the data buffers but the current test-suite did not catch
the non-copy behavior while ideally it should have. It means that not
all requirements specified in the torch.tensor documentation have
been tested.
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Hello fellow human :wave:

I’m a scientific software engineer at Quansight [https://www.quansight.com/] working on PyTorch [https://pytorch.org]. I’m very active in the torchvision [https://github.com/pytorch/vision] library and maintain the torchvision.datasets module there.

Outside of my work I have two major areas of interest:


	:art: Neural Style Transfer:
During my research towards a PhD, I fell in love with Neural Style Transfer [https://en.wikipedia.org/wiki/Neural_Style_Transfer]. I realized pretty soon that the available tooling is insufficient. Out of frustration with all the existing solutions, I wrote my own library for Neural Style Transfer based on PyTorch: pystiche [https://github.com/pmeier/pystiche].


	:computer: Developer Experience:
Having worked on PyTorch and having written a library based on PyTorch I realized there are a few pain points for me. So I started some projects to make my life and hopefully everyone elses easier:


	pytest-pytorch [https://github.com/Quansight/pytest-pytorch]: PyTorch’s test suite is only partially compatible with pytest [https://docs.pytest.org/]. This is a small plugin to make them play ball.


	light-the-torch [https://github.com/pmeier/light-the-torch]: Installing pure Python libraries that depend on PyTorch is quite frustrating, since pip has no option to detect the available computation backends (CUDA, ROCm) and install the correct PyTorch binary. This is a small drop-in replacement for pip install to make it happen.


	pytorch-pip-shim [https://github.com/pmeier/pytorch-pip-shim]: Next evolutional step after light-the-torch: invasive, but with a better UX. Install once and never worry again.









	:speech_balloon: Ask me about: Python, PyTorch, Neural Style Transfer


	:mailbox: How to reach me: Open an issue [https://github.com/pmeier/pmeier/issues] in my personal repository.


	:smile: Pronouns: he/him/his
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