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1. System Requirements

The experiments were performed on a 16 GB RAM and NVIDIA GeForce GTX 1650 Ti (4
GB VRAM) system running Windows 11. CUDA 12.1 and cuDNN have been installed to
provide support to a GPU acceleration. To test on smaller-scale machines, the pipeline can be
re-implemented on a CPU-only machine, although GPU is highly encouraged when the dataset
size is up to 1 million records. Datasets, checkpoints, and log files will take at least 20 GB in
free disk space.
2. Required Software and Tools
The project is implemented in Python 3.10 environment and the major packages are:

e PyTorch 2.2.2 (with CUDA support)

e Pandas 2.2.2, NumPy 1.26.4

e scikit-learn 1.5.1 (to preprocess utilities)

e Dagster 1.6+ (for pipeline orchestration)

e Matplotlib 3.9.2, Plotly 6.2.0 (for result visualization)

e boto3 1.34+ (for AWS S3 integration)

To recreate the environment: there is a requirements.txt file provided.

pip install -r requirements.txt3. Dataset Preparation

This project developed three artificial datasets to replicate the ETL conditions in the real world:
e Banking: 602,883 synthetic transaction records.
e Insurance: 999,830 synthetic policy and claim records.
e Sales: 200k synthetic records of retail transactions (as a mid-size benchmark).

All the datasets were produced in controlled forms and separated into two sections:
e Source (clean): skeleton data (synthetic) stored in source databases.
e Target (corrupted): aberrant injected (corrupted data, duplicates, missing rows, extreme
values, and schema corruption) to resemble actual real ETL data quality problems.

The storage was in PostgreSQL (NeonDB) with a uniform aligning of the schema between the
source and the target tables. This design enabled the anomaly detection system to be tested
under controlled conditions and known ground-truth anomalies were used to assess the system.

3. Model Setup
A neural network with an autoencoder was written in PyTorch:
e Encoder: dense layers that reduce the input to the latent vector h.
e Decoder: Dense input reconstruction layers are symmetrical.
e Loss Function: Mean Squared Error (MSE).
e Optimizer: Adam, learning rate 0.001.
e Epochs: 100 (early convergence ~80 epochs).

Abnormalities were identified by computing reconstruction error per record and using
dataset-specific threshold (e.g. 0.02867 in Banking, 0.000434 in Insurance).



4.Pipeline Orchestration (Dagster)

The ETL pipeline was orchestrated with Dagster:

1. Load clean data from source DB.

2. Credential anomalies -> populate target DB.

3. Rule-based checks and autoencoder anomaly detection (run validation).

4. Save logs (nulls.csv, duplicates.csv, missing.csv, autoencoder anomalies.csv).
5. Upload logs to AWS S3 and email results to stakeholders.

5.Project Structure
e jobs.py — Dagster orchestration of ETL + validation.

o [dataset] anomaly detection_to s3.py — validation + anomaly detection scripts.
o validation_logs/ — CSV logs for each run.
e metrics.txt / autoencoder_metrics.json — performance logs.

6. Logs and Evaluation
Each run outputs:
¢ Rule logs: the number of nulls, duplicates, missing records.
e Autoencoder measurements: mean, standard deviation, minimum, maximum
reconstruction error, anomalies, loss of training.
e Runtime: GPU validation times.

As an illustration, the outcome of Banking dataset: 6,029 anomalies identified (approximately
1 percent), 14.5s validation (GPU).

7. Troubleshooting:

* CUDA not found: NVIDIA drivers and CUDA toolkit must be installed. torch.cuda.is
provided (CUDA is only supported with NVIDIA GPU).

* Database connection error: Verify connection string and SSL mode for NeonDB.

* S3 upload failure: Check AWS credentials in boto3 config.

* None of the anomalies identified: Adjust reconstruction threshold or validate anomaly
injection step.
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