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Beyond Scripting

A Beginner’s Guide to Accelerating Automation with Executables
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Colleague Michel

Are you still working?
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...on a calm Friday afternoon

Colleague

Are you still working?

Do you know how to easily merge PDFs?

... and add a ToC?

... and sequential page numbers?

NN

.. also, not many—just about ~1,000
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How can | help you?

... let me think one second about it...
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...50, what to do?

... let me think one second about it...

What's on the agenda today?

Hi, as a perfect python programmer, how can | combine all pdfs in a folder into one pdf and add a
table of content right in the beginning? Add also a hyperlink from the toc entries to the corresponding

sides.

N
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...50, what to do?

You can absolutely do this in Python—Dbut it's a bit more involved than just merging PDFs because:

1. PDFs don't inherently have a “table of contents page” (that's something you must generate). - c
| ... let me think one second about it...

2. You need to:

¢ Merge PDFs

¢ Track page offsets

e C(Create a TOC page

e Add clickable links (annotations)

@ Overall Strategy

Read all PDFs in a folder

Merge them while tracking starting page numbers
Create a TOC PDF page with ReportLab

Merge TOC at the beginning

g whnNne

Add link annotations pointing to correct pages
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...50, what to do?

You can absolutely do this in Python—Dbut it's a bit more involved than just merging PDFs because:

1. PDFs don't inherently have a “table of contents page” (that's something you must generate). - .
| ... let me think one second about it...

2. You need to:

¢ Merge PDFs

¢ Track page offsets

e C(Create a TOC page

e Add clickable links (annotations)

Seems

pretty easy
@ Overall Strategy

. Read all PDFs in a folder

1
2. Merge them while tracking starting page numbers
3. Create a TOC PDF page with ReportlLab

4. Merge TOC at the beginning

5

. Add link annotations pointing to correct pages

.

main

[ analytics



The solution (almost)...

Full Working Example

Install dependencies:

< Bash @Y

pip install pypdf reportlab

= Python Script
< Python @Y D Run

# read all PDFs first

for pdf in pdf_files:
reader = PdfReader(pdf)
readers.append(reader)

num_pages = len(reader.pages)
title = os.path.basename(pdf)

toc_entries.append((title, current_page))
current_page += num_pages

# create TOC PDF
toc_pdf, link_rects = create_toc(toc_entries)

# add TOC pages first
for page in toc_pdf.pages:
writer.add_page(page)

# then add all PDFs
for reader in readers:

fnr naca in reaadar naoec:
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The solution (almost)...

Full Working Example

Install dependencies:

0 ... the problem

pip install pypdf reportlab

e pdfs are on asponsor's system
= Python Script . .
e only SAS is available

< Python @Y D Run

# read all PDFs first k

for pdf in pdf_files:
reader = PdfReader(pdf)
readers.append(reader)

num_pages = len(reader.pages)
title = os.path.basename(pdf)

toc_entries.append((title, current_page))
current_page += num_pages

# create TOC PDF
toc_pdf, link_rects = create_toc(toc_entries)

# add TOC pages first
for page in toc_pdf.pages:
writer.add_page(page)

# then add all PDFs
for reader in readers:

fnr naca in reaadar naoec:
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The solution (for real) ...

Full Working Example

Install dependencies:

1. pluglogic into ma-pytemp

< Bash @Y

pip install pypdf reportlab

= Python Script
< Python @Y D Run

# read all PDFs first
for pdf in pdf_files:
reader = PdfReader(pdf) ZN
readers.append(reader)

num_pages = len(reader.pages)
title = os.path.basename(pdf)

toc_entries.append((title, current_page))

current_page += num_pages

# create TOC PDF
toc_pdf, link_rects = create_toc(toc_entries)

# add TOC pages first
for page in toc_pdf.pages:
writer.add_page(page)

# then add all PDFs
for reader in readers:

fnr naca in reaadar naoec:
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The solution (for real) ...

Full Working Example

1. plug logic into ma-pytemp

< Bash

2. build executable and deploy

* Python Script

@ D Run

<> Python
# read all PDFs first k

for pdf in pdf_files:
reader = PdfReader(pdf) 7
readers.append(reader)

num_pages = len(reader.pages) ¢ ma pdf-
title = os.path.basename(pdf) s : . i -
- ‘w |\ compilerexe

toc_entries.append((title, current_page))
current_page += num_pages

# create TOC PDF
toc_pdf, link_rects = create_toc(toc_entries)

# add TOC pages first
for page in toc_pdf.pages:
writer.add_page(page)

# then add all PDFs
for reader in readers:

fnr naca in reaadar naoec:
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...1 hour later

| created this executable:

just click on it

You’'re the best
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..._on a beautlful Frlday evenmg

everything went
as planned
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Executables — What and Why?

no further dependencies
no installation

self-sustained programs

high-level languages

@™ unlocking the power of libraries

rest of the world

for all environments

develop

e. complexity overhead build

deploy

standardize template

abstract complexity prebuild

focus on automation
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Executables — What?

% il
Simple answer Detailed Answer
* .exe * program without needing
« “click and play” further compilation

* machine code specific to CPU
architecture operation system

e deliverable of software
engineering
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Executables vs. Scripts

source
code

Interpreter

compiler
assembler

byte code

-

Executables

1010 | .
IO I 0 virtual machine

executable machine code

.\ =
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Executables — Why?

 Many common languages are interpreted
Java, Python, R, C#,...

* Require “extra” software -> often not available
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Why not using what is already available?
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Executables — Why?

 Many common languages are interpreted
Java, Python, R, C#,...

* Require “extra” software -> often not available

Why not using what is already available?

- unleash the internet
— unleash Al
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Challenges of Executables

Programming Dependency User Interface R
language management (Framework)
Error &
G GEEEE Robustness Exception 10
resources :
handling
User feedback Logging Unit Testing Validation
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Executables as Tools in Statistical Programming

powerful and modern
even for GxP environments

high development complexity
for the “box” around although
core logic often simple
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ma-pytemp: Idea m
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ma-pytemp: Idea m

& > m

v
plug-in /ﬂ\
>

ma-pytemp




ma-pytemp: ldea m

& cg>m g

)
plug-in /ﬂ\ deploy f:%\
> > A
A I
automation
tool

ma-pytemp
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ma-pytemp: Features m

Key Python
features
Dependency & Project Management
GUI Framework
Structured architecture
Logging
Adaptability
Validation

CICD
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ma-pytemp: Features m

Key Python
features

Dependency & Project Management More features

GUI Framework  Template git repository

* \ersion control

Structured architecture « Documentation
. . Basi :
Logging asic code quality
* Customization

Adaptability * .ico creation

o * multi-threading
Validation
CICD
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how to use ma-pytemp?

c \

Use this template ~ | = = '

https://eithub.com/mainanalvtics
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how to use ma-pytemp?

— initialize project
Use this template ~ = y Poetry create VENV
S install dependencies

o = » C:\Users\mlutz> cd ma-pytemp
https://github.com/mainanalytics » C\Users\mlutz> poetry install —————
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Graphical User Interface m

e mainanalytics python template

Select Demo Folder

Demo Directory

Computation heavy logic

Prime factors: input

Start

main

[ analytics
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Build

creating the executable




I'm packing my suitcase m

N )
Bytecode

2 m

build ma_pytemp.exe

Dependencies (Libraries) g > ﬂ

additional resources |A\ |
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I'm packing my suitcase m

N
Bytecode

Dependencies (Libraries) g > = S m

build ma_pytemp.exe
additional resources |'A\ | preconfigured pyinstaller
_/ build in the pipeline
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ma-pytemp: Deployment m

¥

predefined CICD workflow

T "
Pyltest Ly ¢ Pylint
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ma-pytemp: Workflow

. . a2 - name: Install dependencies with Poetry
Workflow file for this run . .
a3 run: poetry install --with dev
github/workflows/base-pipe.yml at 84d487¢ a2
45 - name: Set PYTHONPATH to include the source directory
a6 run: echo "PYTHONPATH=$PWD/src/ma_pytemp” >> $GITHUB_ENV
1 # This workflow will install Python dependencies, run tests and lint with a single version of Python 47
2 # For more information see: https://docs.github.com/en/actions/automating-builds-and-tests/building-and-testing-python 48 - name: Formatter
3 a9 run: poetry run ruff format
4 name: Python application B
5 51 - name: Lint with pylint (fail on warnings/errors)
. 52 run: poetry run pylint srcf
6 on:
53
7 push: N s
54 - name: Unit Test and report creation
8 pranches: 55 run: postry run pytest
9 - main 56
1@ - dev 57 - name: Build executable
11 pull_request: 58 run: poetry run pyinstaller -y main_standard.spec
12 branches: 59
13 _ main 60 # Upload the compiled executable
14 _ dev 61 - name: Upload artifacts
. 62 uses: actions/upload-artifact@?
o 63 with:
16 permissions: 6a name: ma_pytemp
17 contents: read 65 path: |
18 66 dist/
19 jobs: 67 config/
Workflow runs -
.
21 strategy: U 69 retention-days: 18
. R 76
22 fail-fast: false . I .
71 # Show artifact id and store in enviroment variable
- mainanalytics/ma_pytemp , ‘
72 - name: Output artifact ID
24 runs-on: windows-latest .
73 run: |
5 74 echo 'artefact_id=${{ steps.artifact-upload-step.outputs.artifact-id }}' »> $GITHUB_ENV
26 steps: 75 echo ‘Artifact ID is ${{ steps.artifact-upload-step.outputs.artifact-id }}'
27 - name: Checkout code 76
28 uses: actions/checkout@vs 77 deploy:
29 78 runs-on: windows-latest
30 - name: Set up Python 3.13.12 7 needs: build
s 80
31 uses: actions/setup-python@vé
i 81 steps:
32 with:
82 - name: Download artifact
33 python-version: "3.13.12 83 uses: actions/download-artifact@vy
34 84 with:
35 85 name: ma_pytemp
36 - name: Install poetry 86 path: Jopt
37 run: | 87
38 python -m ensurepip 88 - name: List Artifacts
s s s 89 1 t
39 python -m pip install --upgrade pip run: 1s Jop
90
49 python -m pip install poetry o
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https://github.com/mainanalytics/ma_pytemp/actions
https://github.com/mainanalytics/ma_pytemp/actions
https://github.com/mainanalytics/ma_pytemp/actions
https://github.com/mainanalytics/ma_pytemp/actions

ma-pytemp: Deployment

[ ]
= O mainanalytics / ma_pytemp & Q. Type [7]to search a8 - +- © 1 A B8
<> Code (2 Issues 19 Pull requests ® Actions [ Projects 0] Security and quality 24 Insights s Settings
€ Python application
@ fix: small ajustments #15 Re-run all jobs -+~
I ® =) Triggered via push 16 minutes ago Status Total duration Artifacts
Al jobs = michellutzmain pushed -o- S4ed0d1 main Success 4m 17s 1

© build
@ deploy base-pipe.yml
on: push
Run details
(:J Usage
& Workflow file @ build Im53s @ ® @ deploy 145
ol =]+
Artifacts
Preduced during runtime
Name Size Digest
© ma_pytemp 54,1 MB sha256: 932098878 5498ef74cFaae@5ald1d7 B 5 FF27b3Fb6aF29d6c361b63e6752Fb (L) & O
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ma-pytemp: Artifact m

artifact is a .zip folder

Downlocads > Downloads > ma_pytemp > Downloads » ma_pytemp > dist > GBS PytTemp Simple v1.1.0 >
Tl sort ~ Tl sort ~ = View - see Tl sort = View ~ e
Mame Mame Date mudi\?ied Type \ Mame Date modified Type
v Today ~ Today  Today
= ma_pytemp.zip config 09/04,/2026 11:37 File folder im ma_pytemp v1.1.0.exe 09/04/2026 11:37 Application
validation_report 09/04/2026 11:37 File folder _internal 0G9,/04/2026 11:37 File folder
dist 09/04/2026 11:37 File folder
main
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into production

v 4 2 L2

COMPILE PDFS ANNOTATE CRF DIR & PARSE SAS LOG RFT -> PDF
PERMISSIONS

v = A B

PDF BOOKMARKS SAS BATCH RUNS TOOL LAUNCHER
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CRF Bookmarks

N )
Situation Current solution
e asoftware provider cannot extract  TDMs create bookmarks by hand
CRFs with bookmarks by form and .

painful and error prone
visit

e >>20studies

e unclear when or even if this will
be fixed
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CRF Bookmarks

Bookmarks X
=- B
[ Adverse Events (ae_00_v001) ° first |eve| bookma rks
[:I Auditory Verbal Learning Test
AVLTREY) (ol vy 4001 <form_label> (<form_name>)
[:I Concomitant Medications L. .
(cm_01_v001)  novisitinformation
[:I Death Details (death_00 v002)
[:I Demographics (dm_ic_04_v001) ¢ StUdy Deﬁnition SpeCS (SDS)
[1 Electroencephalogram (ec_01_v002) contains visit information

[l Eigibility (elig_00_v001)
[l End Of Treatment (eot_00_v001)
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CRF Bookmarks

crf_raw.pdf

Bookmarks

[l
38

IO 3D0 I IoOD
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Adverse Events (ae_00 v001)

Auditory Verbal Learning Test
(AVLT-REY) (avlt_rey_v001)

Concomitant Medications
{cm__ 01 v001)

Death Details (death_00 v002)
Demographics (dm_ic_04_v001)
Electroencephalogram (ec_01_v002)
Eligibility (elig_00_v001)

End Of Treatment (eot_00_v001)

sds.xlsx

Form Label

Adverse Events

Form Name

ae_ 00 w001

Concomitant Medications cm_ 01 _v001
Death Details death_00 w002
Electroencephalogram ec_01_v002
Exposure exp_000

Injection Site Reactions

inj_site_00_v001

Demographics

dm_ic 04 v001

Running Records Screening Baseline

Running Records Screening 1 Screening 2 Baseline

Eligibility elig 00 v001
Informed Consent ic_ 01 v001
Medical History mh_00 w001

Vital Signs (Weight, Height And Temperature)

vs_wgh_hgt temp_000

Ophthalmic Examination

opth_exm_v001

Auditory Verbal Learning Test (AVLT-REY)

avlt_rey v001

Vital Signs (Temperature) vs_temp 000
Patient Health Questionnaire-3 (PHQ-9) phg 5 w001
Satisfaction With Life Survey (SWLS) swlis 000

Hamilton Depression Rating Scale - 17 (HAMD-17)

hamd_17 00 w001

Vital Signs (Weight And Temperature)

vs_wgh_temp 000

Patient Summary

pat_sum_000

End Of Treatment

eot_00_ w001




CRF Bookmarks

\
Solution
1. Readin crf_raw.pdf with pymupdf
Extract input bookmarks Deployment

Read in sds.xlsx with pandas 1. Plug logic into ma_pytemp

Match F.o-rm Label and ForrT\ Names > 2. Add 3 10 Buttons
from original bookmarks with sds

e

5. Create new bookmarks 3. Add Start button

* by Form
* by Visit

6. Save new file

/
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Example: CRF Bookmarks

M GBS CRF Bookmark - ] X

CRF Bookmark Tool

—CRF

select CRF .. | ﬁ

—Study Definition Spec (SDS)

select SDS .. I ﬁ

— Output CRF

output m

’ main

Bogl.fni;erks l‘ \ analq‘“cs
\\{_ =N
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Executables — What and Why?

no further dependencies
no installation

self-sustained programs

high-level languages

@™ unlocking the power of libraries

rest of the world

for all environments

develop

e. complexity overhead build

deploy

standardize template

abstract complexity prebuild

focus on automation
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give it a try

) https://github.com/mainanalytics/ma_pytemp
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https://github.com/mainanalytics/ma_pytemp
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