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GLASS-BOX 
APPROACH TO 
SDTM DATA 
TRANSFORMATION
Paper Overview

The paper presents an approach for 

automating SDTM mapping using interactive 

visual validation to enhance transparency and 

compliance.
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cloud services and pharmaceutical industries 
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Target Audience

The presentation targets peers interested in 

clinical data transformation, regulatory 

compliance, and AI integration in workflows.



ABSTRACT OVERVIEW

Specification-First Automation

AI generates machine-readable mapping specifications, avoiding opaque data 

transformations for transparency and control.

Layered Architecture Design

Data modeling, transformation logic, and specification generation are separated into 

distinct layers for modularity.

Reuse-First & AI Augmentation

The system leverages prior mapping specifications and applies AI to handle residual 

mapping needs efficiently.

Observability and Validation

An integrated dashboard provides UI-ready views of pipeline runs, metrics, and log 

correlation with strong validation controls.



INTRODUCTION TO SDTM MAPPING CHALLENGES

Challenges in SDTM Transformation

SDTM mapping is labor-intensive and error-prone due to 

protocol nuances and metadata variations in clinical 

studies.

Limitations of Traditional Approaches

Rigid libraries and centralized governance limit flexibility 

and adaptability in clinical data transformations.

Risks of AI 'Black Box' Engines

AI-driven black box engines pose risks like hidden logic, 

limited traceability, and regulatory uncertainty.

Proposed Transparent Automation

Automating auditable specifications with deterministic 

engines ensures transparency, oversight, and 

compliance.



SPECIFICATION-FIRST AND REUSE BEFORE 
PREDICTION

Specification-First Principle

Transformation intent is declared before execution to ensure clear and controlled 

workflows.

Reuse Before Prediction

Prioritize reuse of mapping specifications and functions to improve efficiency across 

projects.

Reproducibility and Governance

Use version control, test-driven documentation, and validation to ensure reproducible 

and governed code.

Transparency and Human Oversight

Every mapping is traceable and AI suggestions remain visible and editable for 

regulation compliance.



SYSTEM ARCHITECTURE

Modular System Architecture

The architecture separates data modeling, mapping, governance, and execution to 

ensure flexibility and scalability.

Function Registry and Deployment

Functions are stored in a GitHub registry, implemented in Python, deployed via cloud 

resources, and released with JFrog.

Metadata Indexing and Discovery

Metadata is indexed in OpenSearch search cluster, enabling function discovery in 

the web GUI and orchestrator.

Authoring Tool Features

The authoring tool supports dataset inspection, mapping design, AI predictions, 

version control, and production promotion.



SEPARATION OF DUTIES

Transformation Engine

The engine uses cloud functions to parse specs 

and create state machines for dataset 

transformations.

Web GUI Functionality

The GUI supports SQL modeling, query 

definition, dataset preview, and column validation 

for clear workflows.

Function Registry and Governance

A searchable registry enables users to find and 

execute authorized functions maintaining study 

isolation and governance.



MAPPING FEATURES AND OBSERVABILITY 
DASHBOARD

Variable-Level Mapping Features

Mapping includes grids for variables, completeness tracking, function selection, and 

tools for reuse and import.

Execution Monitoring and Trace Inspection

Dashboard enables monitoring of executions, error drilling, trace inspection, and 

comparison of specification versions.

Visual Pipeline with Metrics

Pipeline view shows processing steps color-coded by status with metrics for detailed 

troubleshooting.

Reduced Troubleshooting Effort

Detailed views and metrics decrease troubleshooting time, especially for partial 

failures or unexpected results.













SPECIFICATION STRUCTURE AND AUTOMAPPING TOOLS

SECTION DESCRIPTION

header Study context, SDTMIG version, audit metadata

sdtmMinus Source-to-target variable mappings

studyDatasetOperations Declarative dataset operations (joins, filters, selections)

sdtmDerivations Study-level derivation functions

preProcessingFunctions Functions applied before mapping/derivation

transformationFunctions List of all referenced transformation functions







AI-ASSISTED MAPPING AND RAG PIPELINE

Contextual Prompting Pipeline

The pipeline uses study metadata and transformation functions to provide structured 

prompts for AI model responses.

Embedding-based Study Profiles

Embedding pipelines generate study profiles from EDC exports, grounding responses 

using RAG techniques.

Human Review & Compliance

AI-generated code is reviewed by programmers and tested in preview environments 

to ensure compliance and accuracy.

Balanced Automation Approach

The system balances AI automation with human oversight to reduce manual effort 

while maintaining transparency and compliance.





GOVERNANCE, COMPLIANCE, AND 
OBSERVED BENEFITS

Multi-layered Governance Enforcement

Governance is applied through function registry, schema validation, restricted 

operations, and execution transparency to ensure compliance.

Compliance Through Specifications

Specifications act as configuration artifacts serving as lineage anchors, supporting 

compliance without executable code.

Efficiency and Automation Metrics

The platform achieves 60–80% reuse and nearly 90% automation, projecting 32,000 

hours saved annually at scale.

AI-assisted Mapping Benefits

AI, enhanced by RAG-based grounding, is expected to reduce manual effort and 

accelerate data mapping processes.



SUMMARY AND FINAL 
THOUGHTS

Transparent Automation Architecture

The architecture ensures transparency and scalability while 

automating SDTM dataset operations efficiently.

Governed AI Augmentation

AI is used within clear boundaries, governed by code, 

version control, and test-backed execution.

Reproducible Clinical Data Delivery

The specification acts as an intelligence layer ensuring 

consistent and reproducible SDTM delivery across studies.
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