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PROBLEM

Why documents need multiple passes
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The behaviour

Documents can compile in several passes.

Each pass writes information that later passes read 
back.

So passes repeat until the state stops changing — 
and this behaviour is hard to see from the source.

Document

Compilation Pass

Generated Information

Next Pass

repeat
until stable



OBJECTIVES & SCOPE

What the project sets out to do
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Objectives

   ✓ Build a compiler pipeline for a restricted document subset.

   ✓ Extract meaningful cross-reference dependencies.

   ✓ Represent them as an intermediate dependency graph.

   ✓ Perform static analysis over that representation.

   ✓ Generate understandable, source-located reports.

Scope

•   Restricted set of document 
features.

•   Dependency-focused analysis only.

•   Conservative results — flag or 
defer, never guess.

Anything outside the subset is marked 
opaque and degrades safely.



WHY COMPILER DESIGN

Every stage is a standard compiler concept
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Compiler Phase AuxFlow Component

Lexical Analysis Token extraction (category-code scanner)

Syntax Analysis AST generation (recursive-descent parser)

Semantic Analysis Dependency extraction (symbol tables)

Intermediate Representation Dependency graph (Auxiliary Reference Graph)

Static Analysis Graph evaluation (dataflow / fixpoint)

Graph Algorithms Cycle detection (Tarjan SCC)



PROPOSED ARCHITECTURE

A single-direction compiler pipeline
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Source Document   —   input in the restricted subset

Lexer   —   characters to category-code tokens

Parser   —   recursive-descent, one-token lookahead

AST   —   typed tree with source spans

Semantic Analyzer   —   symbol tables and diagnostics

Dependency IR   —   instance-level dependency graph

Static Analyzer   —   taint, SCC and fixpoint analysis

Diagnostic Report   —   classification with explanations



METHODOLOGY

From source facts to an explanation
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Facts

1
extract labels

and references

Dependencies

2
link each write
to its later read

Graph

3
build the dependency

graph

Analysis

4
traverse, find cycles,

run the fixpoint

Report

5
explain the result

with locations

Techniques:   graph traversal    ·    cycle detection (strongly connected components)    ·    dataflow / fixpoint analysis



EXAMPLE

A single cross-reference, end to end
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Source snippet Extracted facts Dependency graph Analysis result

\section{Intro}
\label{sec:intro}

see Section~
\ref{sec:intro}

LABEL  (sec:intro)

REF_USE  (sec:intro)
LABEL

REF_USE

one pass later

Reference dependency 
between Section 
“Intro” and its 
generated metadata 
— resolved across one 
pass.



CONCLUSION

A compiler project with an analysis target
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01

Compiler concepts applied

Lexer, parser, AST, symbol tables, an 
IR, and dataflow and graph analysis 
— a complete front-end.

02

Dependency-based static 
analysis

Cross-reference dependencies 
modelled as a graph and analysed 
statically, without running any 
engine.

03

Explainable, conservative 
results

A readable, source-located report that 
flags risky feedback and defers safely 
when unsure.

Source Front-End IR Analysis Report
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