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Executive Summary

Organizations migrating from SAS to Python face a critical decision: automated code
translation or specification-driven re-implementation. While automated translation appears
faster and cheaper, it consistently produces suboptimal results—and often fails entirely.

This white paper explains why automated translation falls short and presents our proven four-
phase specification-driven methodology that ensures statistical equivalence, maintains
institutional knowledge, and delivers production-ready Python systems.

Key findings:

¢ Automated translation produces inefficient or incorrect code in 60-80% of complex
statistical programs

e SAS programs contain decades of undocumented statistical rigor and institutional
knowledge that translation tools cannot capture

e Specification-driven migration achieves 99%+ output equivalence while optimizing for
Python's architecture

¢ Organizations using our methodology achieve ROl within 6-12 months through 30-50%
costreductions and 3-20x performance gains



The Migration Challenge: Beyond Line-by-Line Translation

The fundamental challenge in SAS to Python migration is not converting syntax—it's preserving
decades of statistical rigor and institutional knowledge embedded in SAS programs. Many
organizations make the critical error of treating this as a simple code translation exercise,
which invariably leads to failed migrations and lost analytical capability.

The Hidden Complexity of SAS Programs

SAS represents over 40 years of statistical research crystallized into proprietary procedures and
libraries. These procedures contain sophisticated statistical methodologies whose
implementation details are often not publicly documented. When you execute a SAS
procedure, you're leveraging:

¢ Proprietary algorithms refined over decades - Statistical methods with specific
implementations that differ from textbook approaches

¢ Edge case handling — Robust treatment of missing data, convergence issues, and
numerical stability

e Default behaviors — Implicit assumptions and parameter settings that affect results

¢ Institutional knowledge — Program logic reflecting business rules developed by subject
matter experts over years

SAS programs evolved through two distinct paradigms: the traditional SAS proprietary language
and later SAS PROC SQL, both part of the 4GL framework. This heritage means production SAS
code often reflects data manipulation approaches specific to SAS's architecture—approaches
that, when blindly translated to Python, produce inefficient or incorrect results.

Why Automated Translation Falls Short

Automated translation tools promise quick conversion of SAS code to Python syntax. In
practice, they consistently fail to deliver production-ready systems. Here's why:

1. Syntax Translation # Semantic Equivalence

Translation tools convert SAS statements into Python statements, but they cannot replicate the
underlying statistical implementations. Python's open-source ecosystem approaches
statistical problems differently—not worse, but fundamentally different—from SAS's
proprietary procedures.

"Converting PROC MIXED to statsmodels isn't just about syntax. It
requires understanding variance-covariance structures, estimation
methods, and convergence criteria—none of which automated tools can
properly handle.”

2. Loss of Institutional Knowledge

Many SAS programs lack complete documentation. The comments and descriptions reflect
SAS-centric workflows that don't simply translate. When original program authors have left the
organization, taking contextual knowledge with them, automated translation cannot recover
this institutional understanding.



Translation tools cannot answer critical questions:

¢ Why was this particular statistical method chosen?

¢ What business logic does this data manipulation implement?
¢  Which outputs are actually used versus historical artifacts?

¢ What are the acceptable ranges and validation criteria?

3. Architectural Mismatch

SAS and Python have fundamentally different architectures. SAS code often reflects SAS-style
procedural data manipulation—line-by-line operations on datasets. Python's pandas and
modern data science libraries excel at vectorized operations and different data manipulation
patterns.

Automated translation creates Python code that mimics SAS's approach rather than leveraging
Python's strengths. This results in:

¢ Poor performance - Inefficient loops instead of vectorized operations
¢ Difficult maintenance — Code that doesn't follow Python conventions
¢ Limited scalability — Architecture that doesn't leverage cloud-native capabilities

4. Missing Edge Cases & Validation

SAS procedures handle edge cases, missing data, and numerical stability issues in specific
ways. Translation tools cannot guarantee that the Python equivalent will handle these
scenarios identically. Without rigorous validation at every step, subtle differences compound
into incorrect results.



Our Specification-Driven Migration Methodology

We rejected the automated translation approach early in our practice. Instead, we developed a
methodology that treats migration as re-implementation based on original specifications
rather than code conversion.

Our approach: Understand what the program is supposed to do, then
implement that specification natively in Python using modern data
science best practices.

The Four-Phase Process

Phase 1: Specification Recovery

When original program specifications aren't available, we reverse-engineer them from the code,
associated documentation, and data flow analysis.

Key activities:

¢ Code analysis — Systematically document what each program does, not how it does it

¢ Data flow mapping - Trace inputs, transformations, and outputs across the entire
analytical pipeline

¢ Subject matter expert interviews — Capture institutional knowledge about business
logic and validation criteria

¢ Specification documentation — Create clear, technology-agnostic descriptions of
required functionality

This phase is critical. Without accurate specifications, any migration—automated or manual—
will fail. The time invested here prevents expensive rework later.

Phase 2: Statistical Equivalence Research

Our team includes statisticians with deep SAS experience who identify the precise Python
libraries and methods that achieve statistical equivalence.

We address:

¢ Procedure mapping - Identify appropriate Python libraries (statsmodels, scikit-learn,
scipy) that implement equivalent statistical methods

¢ Parameter translation — Map SAS procedure options to Python function parameters,
accounting for different defaults

e Algorithm verification — Validate that Python implementations produce
mathematically equivalent results

¢ Edge case handling - Ensure Python code handles missing data, convergence issues,
and boundary conditions identically

This research phase ensures we're not just converting syntax, but achieving true statistical
equivalence.

Phase 3: Pythonic Implementation

We write native Python functions using modern data manipulation approaches, not SAS-style
procedural code translated to Python syntax.

Our implementation principles:

¢ Vectorized operations - Leverage pandas/numpy for efficient data manipulation



¢ Modular architecture — Create reusable functions and clear separation of concerns
¢ Cloud-native design - Build for scalability and distributed computing from the start
e Python best practices - Follow PEP-8, use type hints, write maintainable code

The result: Python code that's faster, more maintainable, and easier to enhance than translated
SAS code could ever be.

We validate not just outputs but intermediate calculations, ensuring statistical procedures
produce mathematically equivalent results.

Our validation approach:

e  Output comparison - Compare final results between SAS and Python across
comprehensive test datasets

¢ Intermediate validation - Verify calculations at each step of complex analytical
pipelines

¢ Edge case testing — Test with missing data, extreme values, and boundary conditions

e Statistical verification — Confirm mathematical equivalence, not just similar outputs

We typically achieve 99%+ output matching—and understand the sources of any remaining
differences, which are usually due to different rounding approaches or numerical precision.



Case Study: U.S. Census Bureau Statistical Survey Migration

The Census Bureau approached us with a critical challenge: migrate thousands of lines of
production SAS code used for survey data preparation, manipulation, imputation, and
statistical calculations. These weren't simple ETL jobs—they were sophisticated statistical
programs developed over years by subject matter experts.

The Complexity

Census survey programs combine intensive data manipulation with advanced imputation
techniques and statistical calculations. The SAS comments and descriptions reflected SAS-
centric workflows that couldn't simply be translated. Many original program authors had left the
institution, taking contextual knowledge with them.

Our Approach

We assembled a team combining SAS expertise, Python proficiency, and statistical knowledge.
We:

¢ Collected original specifications, mapped data flows, and conducted sessions with
remaining subject matter experts

¢ Reverse-engineered program intent from code structure, comments, and output
analysis where specifications were incomplete

¢ I|dentified appropriate Python libraries for each statistical method and developed data
preparation pipelines that fed these libraries correctly

e Built Python functions and imputation frameworks that replicated SAS results with
mathematical precision

The Outcome

We built Python functions and imputation frameworks that replicated SAS results with
mathematical precision. Our statisticians identified appropriate Python libraries for each
statistical method and developed data preparation pipelines that fed these libraries correctly—
achieving identical results through different computational paths.

Results:

e  99%+ output matching — Achieved mathematical equivalence across all survey
processing

¢ Improved performance - Python implementation runs faster than original SAS code

¢ Enhanced maintainability — Modern Python codebase with comprehensive
documentation

¢ Institutional knowledge preserved - Specifications now documented for future
reference



Proven Results Across Industries

Our specification-driven approach has proven successful across government agencies,
financial institutions, and research organizations facing similar challenges.

Typical Outcomes

Metric Typical Result Time to Achieve
Cost Reduction 30-50% Immediate
Performance Improvement 3-20x faster Post-migration
Output Equivalence 99%+ Throughout migration
ROI Achievement Full payback 6-12 months

Additional Benefits

e Access to broader talent pool - Python developers are more readily available than SAS
programmers

¢ Cloud-native architecture — Built for AWS, Azure, GCP from day one

e Enhanced scalability - Handle larger datasets without proportional cost increases

e Modern tooling — Integration with MLOps, CI/CD, and modern data stacks

¢ Preserved institutional knowledge - Comprehensive documentation of business logic
and statistical methods



Conclusion: The Right Approach Matters

Organizations that view SAS to Python migration as a coding project rather than an analytical re-
implementation project consistently encounter problems: incorrect statistical results,
performance degradation, or abandoned migrations after months of effort.

The temptation of automated translation is understandable—it promises speed and lower cost.
But the reality is that complex statistical systems require deep understanding of both the
original specifications and modern Python implementations to migrate successfully.

Our specification-driven approach—grounded in specification recovery, statistical
equivalence, and native Python implementation—has proven successful across government
agencies, financial institutions, and research organizations facing similar challenges.

The question isn't whether to migrate, but when and how. Organizations
that choose specification-driven migration achieve full ROl within 6-12
months while maintaining complete data integrity and analytical
capability.

Why Expertise Matters

Successful SAS to Python migration requires a rare combination: deep understanding of both
SAS's statistical heritage and Python's modern data science ecosystem, combined with the
ability to think in terms of specifications and outcomes rather than code translation.

Organizations that view this as a coding project rather than an analytical re-implementation
project consistently encounter problems. Those that engage experts with this combined skill
set achieve successful migrations that deliver immediate cost savings, improved performance,
and enhanced analytical capabilities.



Ready to Explore Migration?

Schedule a free 30-minute assessment to understand your potential savings, timeline,
and migration strategy.
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