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Reflection is here!
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But Adoption Curves Are Real!
• C++26 reflection is coming – We cannot wait!

― Initial support is anticipated in the next GCC release

• But we also really cannot wait

― Compiler and standard adoption takes time

― We have challenges today

― Doing nothing for 5-10 years is not an option
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Alternative: Code Generation
• We can implement some reflection capabilities today with codegen

• Code generation can still be attractive even after C++26 reflection lands

• Examples:

― Code from schemas, language bindings, DSLs

― Saving/restoring state that survives software upgrades

― When build performance in client code is paramount
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Evolving Developer Experience
• Developer experience for generated code just works!

― Debuggers

― Language servers

― As statically typed as you want or need
• Contrast to: std::meta::info

• Tool support: As backwards-compatible as required

• Caveat: Ugly generated code is ugly!
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Why Generate Code?
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The Challenges We Face
• Suppose: a Color class that supports cyan, magenta, and yellow

• Change: add black as a supported color

• We need to update:

― to_string(Color color) -> std::string

― to_color(string_view colorName) -> Color

― Help documentation

― Various schemas for databases, config files, and I/O protocols

8



© 2026 Bloomberg Finance L.P. All rights reserved.

So… reflection, right?
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Let’s have code plumb itself!



© 2026 Bloomberg Finance L.P. All rights reserved.

Obvious Trade-offs:

• Now vs. Eventually

• Build System Configuration vs. Standard C++

• Tool Dependencies vs. Sufficient Compiler Support

Less Obvious Trade-offs: Where is your “source of truth”?

Generate Code vs. C++26 Reflection
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• Trivially converting any enum into a string

• Quickly serializing and hashing any types for logging

• Quickly converting structs into tuples or vice-versa

Principle: Code is already the source of truth and you want wiring & flexibility

Choose C++26 Reflection
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• Expose version metadata to C++ from build or packaging data

• Language bindings generated from in-repo legacy language APIs

• BDD test harnesses generated from Gherkin

• Add cpp2 support by using cppfront to generate C++

Principle: Integrate with something other than C++ code

Choose Code Generation
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Choose Either
• Convert your enums into strings

• Serialize and/or hash your types for logging

• Convert your struct into a tuple or vice-versa

• Reduce boilerplate and bugs when you control releases

― Everything is in a single process or container

Principle: You have tight coordination and keep producers and consumers 
of reflected information in sync
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• When now-you-have-two-problems is a real concern

• Microservices that upgrade independently without coordinated deployment

• Data persisted and read months/years later without structured evolution

Principle: Independently evolving programs or processes need explicit 
long-lived contracts with supporting architecture

Choose Neither
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Is there a broader principle?
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We can help a program understand itself, but we need more 
to make independently-evolving programs agree.
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What Does Good Code
Generation Look Like?
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Commit Inputs, Not Outputs
• Keep templates, scripts, and schemas in VCS with your code

― Unstable inputs create unstable outputs and unstable repo health

• Checked in code is code, not codegen

― Consider your code mutators a “coding assistant”

― Complication: When the “coding assistant” changed, did all 
generated code get updated?
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Designing a Good Generator
• Deterministic: same inputs yield same outputs

• Idempotent: re-running causes no additional changes

― Ideally no timestamp changes if content is unchanged

• Transparent: either simple enough to not require logs, or explicit/verbose 
when it does work

• Knowable outputs: predictable files and locations
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• Teach the build system where generation inputs live:

― JSON, YAML, DSL, etc.

• Avoid hiding inputs behind opaque scripts or assumptions

• Caution: transitive resources

― python3 my_codegen.py that uses pydantic

― Add package-level dependencies

― Provide defensive checks and clear errors for missing tools/files

Explicit Inputs
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Integrate Generated Sources Into Build System
• Incremental builds

• Static analysis and linters

• IDE and editor tooling

• Testing and debugging workflows

• Normal coding workflows

― Avoid special “prepare” targets that devs must remember
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What Does Good CMake
Code Generation Look Like?
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Decision Point: CMake Phases
• ✔ Configuration

― Serial processing

― Code is trivially available

― Requires bespoke incremental build support

• ✔ Build

― Generated files missing until some build step

• X Install

― Code generated at install time is probably untested!
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Pattern: Configure-Time Generation
• Use configure_file for simple find/replace substitution

• Use file(GENERATE) for support for generator expressions

• Use execute_process for arbitrary subprocess calls

• Examples:

― Injecting project metadata into source code

― mylibrary/config.hpp style configuration headers

― Other simple text/template expansion
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Pattern: Build-Time Generation
• Use add_custom_command(...) for full build-graph integration

• Track all inputs and outputs

• Examples:

― Protobuf interfaces

― Test suite generation

― Python bindings generated from in-repo APIs

― Generators that parse other code
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Consider: More on Build-Time Generation
add_custom_command options to consider:

• Use VERBATIM to avoid legacy CMake escaping pitfalls

• Use CODEGEN to register with the codegen build target

• Use DEPFILE to track generated dependencies for incremental builds

― Templates

― DSL or config file inputs

― Scripts and their transitive dependencies
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Recommended: Operate on CMake Targets
Operate primarily on CMake targets

• Yes:
target_compile_options(
    mytarget PUBLIC -freflection
)

• No:

― set(CMAKE_CXX_FLAGS "...")

In essence, follow “Modern CMake” best practices.
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Recommended: Associate Targets, Sources
• Use target_sources so outputs become normal target inputs

― Use FILE_SET HEADERS for generated headers

― Install and export those file sets as required
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Recommended: CMake Resource Discovery
• Use CMake discovery tools where possible

― find_program for codegen tools

― find_file for templates/config/scripts

― find_package for deps required by generated code

• This supports flexible workflows with CMAKE_PREFIX_PATH, 
CMAKE_PROGRAM_PATH, etc

• Fails fast with clear errors when tools/files are missing
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Recommended: Obvious Codegen
• Put generation actions in build logs

• Annotate generated files with:

― Generation steps added

― Which tool or command generated them

― Optionally which inputs were used

• message() supports different log levels!

― Enable/disable with --log-level=debug, etc.
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Consider: Ship CMake Modules
• If a generator is reusable, package it as a CMake module

• Share across projects without copying scripts/templates

• Benefit from CMake module config/discovery patterns

find_package(MyDSL REQUIRED)
target_mydsl_sources(my-test-suite
  PRIVATE myinput.mydsl
)
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Demonstration
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cgep: Code Generation Example Project
• See https://github.com/bretbrownjr/cgep for the full code

• A simple CMake project with two generators:

― Provide the CMake project version via a C++ API

― JSON-as-DSL for generating a reflected enum class

• Both generators produce real APIs consumed by C++ tests

• Full support for builds, IDEs, LSP, clang-tidy, etc.
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Walkthrough: Version API
• configure_file to inject project version info from CMake 

into C++ headers/sources

• Call target_version_sources() to generate 
version.hpp and version.cpp

• Install cgep/version.hpp for downstream use

• Adding cgep::cgep to link libraries works as expected
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Walkthrough: Reflected Enum
• Use add_custom_command to generate C++ APIs from a 

JSON config and Jinja2 template

• Call target_cgep_codegen_sources() to associate cgep 
with color.json

• Combine JSON and a Jinja2 template to generate color.hpp 
and color.cpp

• Install cgep/color.hpp for downstream use

• Adding cgep::cgep to link libraries works as expected
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Walkthrough: Testing
• Tests consume generated APIs via cgep::cgep dependency

• Generation is part of the product surface

― i.e., no ad hoc 
include_directories(../../over/there) magic

• Autocomplete, doc hovertext works as expected in the IDE

• Test failures also validate that generated code correctly prints 
human-friendly values
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Thank you!
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