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Pentaho+ Platform Advanced Capabilities —
Trusted Execution Environment

Pentaho is a powerful business intelligence (Bl) and data integration (DI) platform designed to
help organizations process, analyze, and visualize data. Its complex capabilities span a variety
of data handling and analytics processes. Here's a link providing less than 2-min video
overview of the platform components:

e Pentaho Data Integration https://www.youtube.com/watch?v=D4AYV3MT6zU
e Pentaho Business Analytics https://www.youtube.com/watch?v=C3MyInpETES8
e Pentaho Data Catalog https://www.youtube.com/watch?v=b39BHeML|PY

Pentaho's capabilities can be extended to handle confidential queries and data processing
tasks, particularly in sensitive environments such as healthcare, finance, law enforcement or
defense. Integration with solutions like Duality Technologies, which specializes in privacy-
preserving data collaboration and secure multiparty computation (MPC), enhances Pentaho’s
ability to handle confidential data securely. These techniques enable multiple parties to
analyze and compute on encrypted data without exposing the raw data. Pentaho can function
as the data integration and analytics engine, orchestrating the extraction, transformation, and
preparation of encrypted data for processing by Duality's platform. The results of encrypted
computations are then decrypted to produce insights while preserving privacy.

Leveraging Pentaho Platform for Trusted Execution Environment Machine Learning

Trusted Execution Environments (TEEs) are a critical innovation in secure computing,
providing an isolated and secure area of a processor where data and code can be processed
confidentially. Integrating Pentaho with TEEs enables organizations to perform Machine
Learning (ML) modeling and analytics in a secure, privacy-preserving manner. Here's an
exploration of the advanced capabilities possible using the Pentaho platform in conjunction
with TEE-based ML:

1. Secure Data Ingestion and Preparation

e Confidential Data Handling: Pentaho can securely extract data from diverse sources while ensuring sensitive
information is encrypted before it leaves the source system.

e TEE Integration: The Pentaho Data Integration (PDI) platform orchestrates the secure transfer of encrypted data into
TEEs for processing, ensuring data remains confidential during the entire pipeline.

o Federated Data Preparation: TEEs allow Pentaho to interact with datasets distributed across different organizations
or systems, enabling collaborative ML model building without exposing raw data.
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2. Trusted ML Model Training

e Privacy-Preserving Training: TEEs enable secure training of ML models using sensitive datasets without exposing
raw data to external threats. Pentaho facilitates:
o Data Preprocessing in Encrypted Form: Data normalization, feature extraction, and encoding are
executed securely within the TEE.
o Integration with ML Frameworks: Pentaho pipelines can feed encrypted data into ML frameworks (e.g.,
TensorFlow, PyTorch) operating within a TEE.
o Federated Learning: Pentaho’s orchestration capabilities integrate with federated learning systems, leveraging TEEs
to train ML models collaboratively across multiple parties while ensuring data confidentiality.

3. Trusted Execution of ML Inference

e Secure Inference Pipelines: Pentaho integrates with TEE-enabled platforms to deploy ML models securely. Key
features include:
o Encrypted Inputs and Outputs: Pentaho workflows ensure that input data and inference results remain
encrypted during computation.
o Real-time Secure Predictions: TEEs enable real-time, privacy-preserving predictions in use cases such as
fraud detection, personalized medicine, and financial risk assessment.
e Model Confidentiality: The ML model itself is protected within the TEE, preventing unauthorized access or reverse
engineering.

4. Advanced Capabilities for Trusted ML

e Homomorphic Encryption Support: In collaboration with TEE-enabled systems, Pentaho supports preprocessing
and feeding homomorphically encrypted data for computation without decryption.

e  Zero-Trust Workflows: Pentaho ensures data, models, and results are only accessible within the TEE, maintaining a
zero-trust architecture.

e Anonymization and Differential Privacy: Pentaho workflows can integrate anonymization techniques before or after
secure processing to further enhance privacy while adhering to regulations like GDPR and HIPAA.

5. Scalable and Distributed Secure ML

e Scalable Training Pipelines: Pentaho'’s scalability ensures efficient handling of large datasets for TEE-based model
training.

o Distributed TEE Workflows: Pentaho orchestrates secure computations across multiple TEEs in a distributed setup,
ensuring high availability and resilience.

e Edge Computing Integration: Pentaho pipelines integrate with TEE-enabled edge devices, enabling secure ML
applications at the edge, such as loT analytics and autonomous vehicle decision-making.

6. End-to-End Auditing and Compliance

e Traceable Workflows: Pentaho provides full audit trails for data movement, transformation, and ML model
execution, ensuring transparency.

e Regulatory Compliance: By combining TEEs and Pentaho’s governance features, organizations can ensure
adherence to privacy laws while performing advanced analytics.

e Access Control: Pentaho’s role-based access ensures that only authorized users can trigger TEE-based ML
processes or access results.
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7. Potential Applications

e Healthcare: Secure analysis of patient data for personalized medicine and diagnostics while maintaining HIPAA
compliance.

Finance: Real-time fraud detection and risk assessment using encrypted transaction data.

Defense and Intelligence: Securely analyzing sensitive data for threat detection and mission planning.

Smart Cities: Enabling privacy-preserving analytics for traffic management, energy optimization, and public safety.
Retail: Secure demand forecasting and personalized recommendations using customer data.

8. Implementation Considerations

e Performance Overheads: While TEEs introduce computational overhead, Pentaho’s optimization capabilities can
minimize delays by efficiently preprocessing data.

e Seamless Integration: Pentaho’s modular architecture ensures easy integration with TEE platforms like Intel SGX,
AWS Nitro Enclaves, or AMD SEV.

e Cost-Effectiveness: Organizations must balance the cost of deploying TEEs with the benefits of secure and privacy-
preserving ML workflows.

Conclusion

Pentaho’s integration with Trusted Execution Environments transforms the way organizations
approach secure data analytics and ML. By enabling privacy-preserving workflows, trusted ML
modeling, and regulatory compliance, Pentaho empowers industries to unlock the full potential
of their data without compromising security. This combination is a cornerstone of next-
generation analytics, offering a secure, scalable, and innovative solution for the most sensitive
use cases.

Let us know if you'd like to explore any specific capability in more detail!
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