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Have your customers ever asked you about
profiling Python Dataflow pipelines?

And you answered it is not possible...

https://qithub.com/iht/python-profiling-beam-summit-2021
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Profiling?

Finding in your pipeline

and mapping the bottlenecks to
specific locations in the source code

https://qithub.com/iht/python-profiling-beam-summit-2021
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Neatly integrated in GCP for Java Dataflow pipelines
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Not so much for Python...
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Obtain profile files
)\ |

Profiling options
in Apache Beam cl;iia:::zi;zZQOptlons(PlpellneOptlons):

def _add_argparse_args(cls, parser):
parser.add_argument (
'——profile_cpu',
proﬁle_cpu action="store_true',

help='Enable work item CPU profiling.')
proﬂle_memory parser.add_argument (
'——profile_memory',
proﬁle_location action="'store_true’,
help='Enable work item heap profiling."')
parser.add_argument (
profile_sample_rate e

default=None,

help="'path for saving profiler data.')

parser.add_argument (
'-—profile_sample_rate',
type=float,
default=1.0,
help='A number between @ and 1 indicating the ratio
'of bundles that should be profiled.')

Link to Apache Beam ProfilingOptions

https://qithub.com/iht/python-profiling-beam-summit-2021
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Obtain profile files

Launch your pipeline
and add the CPU

profiling options
Dataflow will upload a profile file per bundle

main.py --project=$PROJECT_ID \

O Name Size
--runner=DataflowRunner \ O B 2021-0508_22_07_18process_bundle-12 34.1KB
. 2021-05-08_22_07_18+ _bundle-14 34.1KB
--region=$REGION \ B ‘W processbunde '
. D B 2021-05-08_22_07_18-process_bundle-16 34.1KB
--streamin & \ O B 2021-05-08_22_07_18-process_bundle-18 34.1KB
--use pu bl iC lps \ O B 2021-0508_22_07_18-process_bundle-2 34.1KB
< 3 . 2021-05-08_22_07_18+ _bundle-20 33.4K8
--requirements_file ./requirements.txt \ O = process-buncle
D B 2021-05-08_22_07_18-process_bundle-24 34.1KB
--setup_ file ./setu p.py \ 2021-05-08_22_07_18-process_bundle-26 33.9KB
0O B p
--temp location=$TMP LOCATION \ O B 20210508 22 07_18-process_bundle-32 34.1KB
~ B 2021-05-08.22_07_18: _bundle-36 34.1K8
--proflle_cpu \ O process_bundle
D B 2021-05-08_22_07_18-process_bundle-4 34.1KB
= -pIOflle_lOC&thﬂ=$PROFILE_LOCATION \ O B 2021050822 07_18-process_bundle-6 34.1KB
=240 pu t-to p ic= $ INPUT TOPIC \ O B 2021-0508_22_07_18-process_bundle-8 34.1KB

--output-table-rides=$0UTPUT_TABLE_RIDES \
--output-table-agg=$0UTPUT_TABLE_AGG

https://qithub.com/iht/python-profiling-beam-summit-2021
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What are these errors?

Enabling profiling will
cause lots of errors to be
reported in Dataflow

https://qithub.com/iht/python-profiling-beam-summit-2021

Obtain profile files

<
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Agg & stats

Python profiler

The files are produced by the Python profiler

https://docs.python.org/3/library/profile.html import os

import pstats

Custom prof files, not used by any other profiling

directory = ‘'data’
tools

files = ['%s/%s" % (directory, x) \
You need to use pstats from Python, to aggregate for x in os.listdir('%s/' % directory)]
your profiling data p = pstats.Stats(*files)

p.sort_stats('cumulative').dump_stats('dataflow.prof')

of bundle files
with 1 as bundle ratio
are converted into
a single file of

https://qithub.com/iht/python-profiling-beam-summit-2021
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Aggregated metrics explained

Number of times a function is called
Code location (file and line)
CPU time

° Total time

° Cumulative

What's the difference?

Agg & stats
—_

p = pstats.Stats('dataflow.prof')
p.sort_stats('cumulative').print stats()

Sat Nov 21 22:

8 20

20

dataflow.prof

903110366 function calls (855530510 primitive calls) in 10429.669 seconds
Ordered bﬁmm alled me

ncalls tottime pe
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filename:lineno(function)
/usr/local/lib/python3.8/site-packages/apache_beam/runners/worker/bundle processor.py:920(pro
/usr/local/lib/python3.8/site-packages/apache_beam/io/gcp/bigquery.py:1302(_flush batch)
/usr/local/lib/python3.8/site-packages/apache_beam/io/gcp/bigquery tools.py:943(insert_rows)
apache_beam/runners/common.py:1243(_invoke bundle method)

022 apache_beam/runners/worker/operations.py:730(finish
apache_beam/runners/common.py:1265(£inish) hbmd?m

022 apache_beam/runners/common.py:514(invoke finish_bundle)
/usr/local/lib/python3.8/site-packages/apache_beam/io/gcp/bigquery.py:1273(finish_bundle)
/usr/local/lib/python3.8/site-packages/apache_beam/io/gcp/bigquery.py:1290(_flush_all batches
/usr/local/lib/python3.8/site-packages/apache_beam/io/gcp/bigquery.py:1296 (<listcomp>)
/usr/local/lib/python3.8/site-packages/apache_beam/utils/retry.py:225 (wrapper)
/usr/local/lib/python3.8/site-packages/apache_beam/io/gcp/bigquery tools.py:511(_insert all r
/usr/local/lib/python3.8/site-packages/apache_beam/io/gcp/internal/clients/bigquery/bigquery
/usr/local/lib/python3.8/site-packages/apitools/base/py/base_api.p: 89 (_RunMethod)
/usr/local/lib/python3.8/site-packages/apitools/base/py/base_api.py:658 (PrepareHttpRequest)
/usr/local/lib/python3.8/site-packages/apitools/base/py/encoding_helper.py:115(MessageToJson)
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.

cumtime tottime
Wall clock time Busy CPU time

This includes the time spent in your code, plus any other This is strictly the CPU time used to execute the code
time spent elsewhere. inside your function.
This includes: It does not count any time spent inside other functions
e  Time waiting for another function called from your code.
e Time waiting for an API request to be finished
e  Other sources of slowness (1/0) This metric is relevant if you are implementing
algorithms, and are interested in performance
In most occasions, this will be the metric you want to bottlenecks related to algorithmic complexity.

use to profile your pipeline.

Lots of performance issues are due to:
e |/O
e  Slow external APIs
e  Third party libraries called from your code

https://qithub.com/iht/python-profiling-beam-summit-2021
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So0000 much calls from the Beam SDK.

Dude, where is my code?
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Sort prof dictionary by value and filter for custom code

def is_my key(key, modules): We sort the dictionary of stats per value (using cumtime).
fn = key[0]

f i dules:
or m in modules: However, we have
module_name = '%s' % m

if module_name in fn: e  We only get metrics at method/function level
return True
return False

Importance of splitting methods into

stats_dict = p.sort_stats('cumulative').stats I

mymodules = ['dofns', 'pipeline’]
mykeys = [k for k in stats_dict.keys() if is_my_key(k, mymodules)]

mystats = {k: stats_dict[k] for k in mykeys} [(('/usr/local/lib/python3.8/site-packages/dofns/business_rules.py',
22, processimethodlofiDoEn
ercall = 'process'),
P 0 0.002303815858387165), Averageltime)
(('/usr/local/lib/python3.8/site-packages/dofns/business_rules.py',
for k,v in mystats.items(): 80,
_, ncalls, _, cumtime, _=v ' parse_timestamp'), functioninsideprocess method
avg_time = cumtime/ncalls 0.0013371157256475503), '
percall[k] = avg time ((3iusr/local/llb/pythona.Q/SLte—packages/dofns/parse_messages.py ’
'process'), Averagejtime]
sorted(percall.items(), key=lambda x: x[1], reverse=True) 0.00023117240416898547),

https://qithub.com/iht/python-profiling-beam-summit-2021
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We have found the slowest methods in our pipeline.

If you don't write small functions, most likely you will find a
process method of a DoFn.

This is the same info you get in the Dataflow job page.

So please write small functions!
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What's called?

What is being called from my slowest functions?

def find_external_functions(key, stats): Finding the slowest functions is normally not enough.
output = {} Why are those functions so slow?
for k,v in stats.items(): e In this code snippet, we find all the functions that are called from
S T S R ) d=v . . .
1f key in d: the location with index 1 (second slowest).
output[k] = v e  The first (index 0) was the process method of a DoFn.
o  Func with index 1 is called from that method
return output

96% of the avg. time is due to the calls to the python-dateutil package

# Let's assume that we want to find all the code called from mykeys[1] PY Tha-t tlme iS apprOX. 500/0 Of -the process method tlme
external_stats = find_external_functions(mykeys[1], stats_dict) .. . .
percall - {} e Thisis an open source package for handling dates with Python
for k,v in external stats.items(): (((iggzr/local/lib/pythonJ.8/site—packages/dateutil/parser/_parser.py‘,
_», ncalls, _, cumtime, _ =v ‘parse’), wpackage name
avg_time = cumtime/ncalls 0.001292679971553465), Average
percall[k] = avg_time ((;;usr/local/lib/python3.8/site—packages/apache_beam/runners/worker/statesampler.py',
'get_current_tracker'),
sorted(percall.items(), key=lambda x: x[1], reverse=True) 9.479584844738897e-06),

(( 'apache_beam/runners/worker/statesampler fast.pyx', 196, 'update metric'),
2.908057548493207e-06) )

https://qithub.com/iht/python-profiling-beam-summit-2021
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So can you profile
Apache Beam and
Dataflow Python
pipelines?

Now you can!
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DIY

Repository with sample streaming pipeline in Python
https://github.com/iht/python-profiling-beam-summit-2021

Analysis of prof file:
https://colab.research.google.com/drive/1fmefgXctJWxyVv0_CXsQ9Hyfep488yfN

Get started with GCP;

https://cloud.google.com/free/

https://qithub.com/iht/python-profiling-beam-summit-2021
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Take away

Profiling Dataflow
pipelines

The most common
performance problems
are related to the
implementation of the
pipeline.

Is Python supported?

Not as neat as Java with
Dataflow and GCP, but you
can obtain valuable
profiling data with a little
bit of scripting.

WSF
Write
Small

Functions

https://qithub.com/iht/python-profiling-beam-summit-2021
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