Jupyter Notebooks based
Reporting

How to use Jupyter Notebooks to deliver fancy html reports
and give freedom to the user
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About me

e | learned to code in the last century (HTML, Visual Basic ...)

e Computer Science at UPC

e Founded DEXMA (2007 - 2015)

e Data engineering freelance (TESCO, ABI, Moonpay, ...) (2015 - 2021)

e Team lead at Circutor (2021 - present)

e Obsessed about automation, product and platform!
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Problems

e Data scientist used to create reports (xIs) and charts (png) using Jupyter
Notebook

e Development cycle was very slow

e \We needed a way to run isolated “semi trusted code”



Solution
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Technical solution

Notebook
Repository

redis

IPython Kernels in queue

Amazon ECS

Remote code
execution

messages and images
ages and imag stream
img/png

Q

files sent back to Slack using injected calls to API

MISSING PYTHON NOTEBOOK
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Circutor Needs

Saa$S IOT Platform

How to customize Saa$S for industrial customers?
Development lifecycle

Developer independency

Self contained

Need to run “untrusted” code



json, 0S, requests

asset_id

Ingredients
* Python Notebook B

Language
token =

¢ Jinja2 HTML Template

<IDOCTYPE html> .format (

<html lang="en">
<head> =asset_1id
<meta charset="UTF-8">
<meta name="viewport" content="width=device-width, initial-scale=1.0"> :.f:r\om day
<title>This is a title</title> =
</head> :.to day
<body style="font-family: -apple-system, BlinkMacSystemFont Roboto Arial, sans-serif; line-height: 1.6 -
<div style="max-width: 800px; margin: auto; background-color: white; padding: 30px; border-radius: 8px; box-shadow: px 4px rgb )

<hl style="color: l6efd; margin-bottom: 20px; font-weight: 500;">Asset Report</hl> data — Pequests get (UP-L

<div style="background-color: #e9ecef; padding: 15px; border-radius: 6px; margin-bottom: 20px;">
<p style="margin: 0 0 10px 0;">My String: <span style="font-weight: 500;">{{ my_string }}</span></p>
<p style="margin: 0 10px 0;">Asset ID: <span style="font-weight: 500;">{{ asset_id }}</span></p> _tl_tle — 'f:OPmat(
<p style="margin: 0 0 18px 0;">Time Range: <span style="font-weight: 500;">{{ start_ts }} to {{ end_ts }}</span></p> .
<p style="margin: 0;">Date Range: <span style="font-weight: 500;">{{ from_day }} to {{ to_day }}</span></p> .
=asset_1d =from_day

</div>
<h2 style="color: #495057; margin: 30px 0 20px 0; font-size: 1.5rem;">{{ _('Environment Variables') }}</h2>

<div style="overflow-x: auto;">
<table style="width: 100%; border-collapse: collapse; margin-bottom: lrem; background-color: transparent;">
<thead>
<tr style="background-color: #0déefd; color: white;">
<th style="padding: 12px 15px; text-align: left; border-top: 1px solid #dee2eé;">Key</th> . -tl-t'Le

<th style="padding: 12px 15px; text-align: left; border-top: 1px solid ee2eb; ">Value</th>

i asset _id

</thead>
<tbody> .f:
rom_da
{% for key, value in env.items() %} - \/
<tr style="border-bottom: 1px solid #d 6 . .to day
<td style="padding: 12px 15px;">{{ key }}</td> * -
<td style="padding: 12px 15px;">{{ value }}</td> - S :
. adl1cCt .
e dict(os.environ)
{% endfor %}
</tbody>
</table> open ( )
vpue
</div> JpEIll

</div>

f.write(json.dumps(output))

</body>
</html>




Examples

Harmonics Report
Qrcut@r Circutor S.L. Simulacié de FACTURA Harmonics i
Name: Description:
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Terme energia variable 11745.40 € g
Periode 1 38620.47 kWh x 0.099 €/kWh = 38620.47 €
Periode 2 55858.18 kWh x 0.0.086 €/kWh = 55858.18 €
Periode 3 49494.85 KWh x 0.063 €/kWh = 49494.85 €
IVA 11745.40 x 21% = 2466.53 €
Desglossament de consums
ENERGIA REACTIVA (kvarh) POTENCIA (kW)
Consums Excessos Cos Phi Import  Contractada Max Reg. Excessos Import
Periode 1 0 0 - 0.00€ 440 372 0 0.00€
Periode 2 0 0 - 0.00€ 440 348 0 0.00€
Periode 3 0 0 - 0.00€ 440 303 0 0.00€
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a




Technical solution

K8S API

Run Kernel .

Cell Execution i’

Get files _

Celery Job

Report Ready
Render template

with output

Get Data via API with temporary token

Go API

Isolated pod



- Create temporal Token for each report file

Steps

® Create report file - Set parameters:
e Get Notebook - language

e Start Pod - asset

e Get Kernel file - from (day)

e Connect to pod - to (day)

e Execute code
e Get output
e Render template

e Push report



Steps

e Create report file
® Get Notebook
e Start Pod

e Get Kernel file

e Connect to pod
e Execute code

e Get output

e Render template

e Push report

languages

— en/LC MESSAG

— ca/LC MESSAG

S /messages.mo

— messages.pot

report.ipynb

template.htm.

CO-n

fi1g.json

S /messages.mo



Steps

e Create report

e Get Notebook

e Start Pod

e Get Kernel file

e Connect to pod
e Execute code

e Get output

e Render template

e Push report

Kernel Image

FROM python:3.12-slim

PY kernel-requirements.txt

ipykernel==6.29.5
ipython==8.32.0
Jinja2==3.1.5

install --no-cache-dir -r kernel-requirements.txt matplotlib::S . 10 . 0

numpy==2.2.2
pandas==2.2.3
requests==2.32.3

\ame: python-kernel-<random_string>

name: app

Lmage: kernel-runner:latest

- nhame: foo0

Llue: bar

- python -m ipykernel_launcher --ip=0.0.0.0 --shell=8888 --iopub=8889 --control=8890 \
- --stdin=8891 --

hb=8892 -f /kernel_config.json --Session.key=my-random-key --log-level=DEBUG

rPort: 8888
rPort: 8889
rPort: 8890
rPort: 8891
rPort: 8892




Steps

e Create report

e Get Notebook

e Start Pod

® Get Kernel file
e Connect to pod
e Execute code

e Get output

e Render template

e Push report

Kernel File (secret, ports, etc ..)




Steps

e Create report Comunication with kernel is done via 5 channels and
JSON based messages through ZeroMQ

ZeroMQ protocol

e Get Notebook

e Start Pod
Channel Type Purpose
e Get Kernel file
Shell request-reply To run code
® Con neCt to POd C Like shell, but for control
ontrol request-reply

orders like stop the kernel

o EXQCthe COde IOPUb publish-Subscribe To publish results, status
messages and code output

o (et OUtpUt Stdin request-reply To control user input

To check that the kernel is

e Render template Heartbeat ping-reply alive

e Push report



Steps

e Create report

e Get Notebook

e Start Pod

e Get Kernel file

e Connect to pod
® Execute code
e Get output

e Render template

e Push report

def run_notebook( notebook_file: str, parameters: dict, timeout=120):

logger.info(

with open(notebook_file ) as file:
.notebook = nbformat.read(file, nbformat.NO_CONVERT)
pt OSError:
e NotebookExecutionError(

.iteration_cell_notebook( =parameters, =timeout)
pt NotebookExecutionError as custom_error:
.stop_kernel()

e custom_error

.stop_kernel()

def iteration_cell_notebook( , . timeout: float):

for index, cell in enumerate( .notebook.cells):
logger.infol( .format(index))
1f cell.cell_type ==

.kernel_client.execute( =cell.source, =timeout,

def stop_kernel( )

.kernel_client.stop_kernel()




Steps

e Create report

e Get Notebook

e Start Pod

e Get Kernel file

e Connect to pod
® Execute code
e Get output

e Render template

e Push report

Before executing any cell, we look for special "TAGS" or
comments

#NOEXECUTE

This cell is skipped (used for local development)

#ENVIRONMENT

Looks for from day = “S$SFROM DAY” and replaces
SFROM DAY for the value defined for this particular
execution



Steps

e Create report - last cell of any report should be a code to write a file
named output.json

Getting output

e Get Notebook

- this file should contain all data that needs to be

e Start Pod rendered in HTML template

K | fil |
e Get Kernel file - Images are passed as base64 strings

e Connect to pod

o ExeCUte COde ] ;:tplotlib.pyplot plt

import baseé4

® Get output e

plt.title( )

® Render template buffer = io.BytesIO()

plt.savefig(buffer, B )
buffer.seek(0)

o PUSh repOrt image_hex = baseé4.bé4encode(buffer.read()).decode( )

plt.close()



Steps

e Create report

e Get Notebook

e Start Pod

e Get Kernel file

e Connect to pod
e Execute code

® Get output

e Render template

e Push report

Celery Job

websocket

- select

kubernetes.stream.ws_client : C STDOUT_CHANNEL, STDERR_CHANNEL

s WSFileManager:

( ws_client):
.ws_client = ws_client

- read_bytes( timeout=0):
stdout_bytes None
stderr_bytes NG

.ws_client.is_open():
10t .ws_client.sock.connected:
.ws_client._connected =

r, _, _ = select.select(

( .ws_client.sock.sock, ), (), (), timeout)
7 O[PS

op_code, frame = .ws_client.sock.recv_data_frame(

- op_code == ABNF.OPCODE_CLOSE:
.ws_client._connected = F
- op_code == ABNF.OPCODE_BINARY or op_code ==
data = frame.data
- len(data) > 1:
channel = data[0]
data = data[1:]
- data:
- channel == STDOUT_CHANNEL:
stdout_bytes = data
f channel == STDERR_CHANNEL:
stderr_bytes = data
n stdout_bytes, stderr_bytes, not .ws_client._c

FANAA,

tar cf - <source>

ABNF.OPCODE_TEXT:

tempfile import TemporaryFile

= tarfile

logging import getlLogger
kubernetes.stream import stream

wsfilemanager import WSFileManager

logger = getlLogger(__name__)

lef stream_copy_from_pod(self, pod_name, name_space, source_path, destination_path):
command_copy = [ , source_path]
TemporaryFile() as tar_buffer:
exec_stream = stream(self.coreClient.connect_get_namespaced_pod_exec, pod_name, name_space

=command_copy =True =True =True =False

=False)

reader = WSFileManager(exec_stream)
\ ,\,_7‘,, T Jer
out, err, closed = reader.read_bytes()
LT out:
tar_buffer.write(out)
11if err:
logger.debug( .format(err.decode(
1T closed:
1
exec_stream.close()
tar_buffer.flush()
tar_buffer.seek(0)
with tarfile.open( =tar_buffer
member = tar.getmember(source_path)

tar.makefile(member, destination_path)

CUI
pt Exception as



Steps

Render Template

e Create report - template is opened
e Get Notebook - template is rendered with loaded output.json
e Start Pod

o Get Kernel file Translations

C tt d . . .
¢ -ONNECt 1o po - language is set in report file (lang)
e Execute code _
- HTML has support for gettext translations:
e Get output
— {{ ( My Comment’) }}

® Render template

e Push report



Steps

e Create report

e Get Notebook

e Start Pod

e Get Kernel file

e Connect to pod
e Execute code

e Get output

e Render template

® Push report

Final steps

Push report to S3
Set report file status as “completed” or “error”
In case of error, add Trace

Kill kernel and ensure pod is deleted



json, o0s, requests

asset_id =

from_day =
to_day =

Local Development

e Set static data with #NoExecute

language =
token =

asset_id =
from_day =

e Render template example with iy
#NoExecute

e Use regular Jupyter Notebook as e
any other analysis D

output = {
: title
: asset_id
. from_day
. to_day
Lct(os.environ)

n( ) f:
f.write(json.dumps(output))

jinja2 Environment select_autoescape, FileSystemLoader

jinja2_env = Environment( =FileSystemLoader( ) =select_autoescape())

template = jinja2_env.get_template( )
html = template.render(output)
n( ) f:
f.write(html)




Tips and tricks

e [imeout Is very important

e Set limits for memory and CPU

e Capture exception trace from kernel and give it back to user
e Add as much log as possible

e Make easy for customer to debug



Examples

2. Supply Voltage Variations

2.1. L-N Voltage Variations

Nominal Voltage:

Parameter definition:

230.0V

Supply voltage RMS values averaged over 10 min

For networks coupled by synchronous connections to an interconnected system Interruption intervals

[ d
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Any question?

Thank you :)

xxxxxx .orduna@gmall.com
www.maulabs.




