
A Look Inside the Go Compiler
... what the hell is actually happening under the hood?
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The (Standard) Compiler Pipeline
What's the point?

Compiler's goal is to... 

transform source language into semantically equivalent target language.

In the case of Go compiler... 

source language is the Go source code, 

target language is the assembly.
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The (Standard) Compiler Pipeline
High-Level Overview
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Frontend
Ensures your code makes sense. Then molds it into backend-ready form.
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Frontend
Lexing (aka tokenizing aka scanning)

Scans the code, slices it into stream of tokens, and keeps track of where 
everything came from.

• Token is a smallest meaningful unit in the source code. 

• It has a type, value, and position info.
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Frontend
Token Definiton
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Frontend
Example: Scanning
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Frontend
Example: Scanning
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Frontend
Example: Scanning
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Frontend
Example: Scanning
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Frontend
Example: Scanning
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Frontend
Example: Scanning
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Frontend
Example: Scanning

13Josef Podaný 25th April '25 @ Gophercamp 🐊



Frontend
Parser

Builds structure from tokens, turning flat code into an abstract syntax tree 
according to the grammar.

• Hand-written recursive descent parser with limited lookahead. 

• Parser closely mirrors the formal grammar of the language.
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Frontend
Sample Parser Code

https://go.dev/ref/spec#Function_declarations
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Frontend
Parsed AST
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Frontend
Semantic Analyzer

The code may look right—this phase makes sure it is right.
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• Type inference, type checking and monomorphization of generics 

• Scope, definition, name resolution 

• Return statement checking 

• noding: lowering to Intermediate Representation



Middle-end

Perform Go specific optimizations & desugar Go constructs.
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Middle-end
IR Optimization
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• Function call inlining 

• Devirtualization of known interface method calls 

• Escape analysis



Middle-end
Walking the IR

• Decompose complex statements into simpler ones. 

• Desugar higher-level constructs: 

• Switch statements into binary search or jump tables. 

• Operations on maps and channels replaced with runtime code.
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Backend

Lowers, optimizes, and assembles your code for the target architecture.
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Backend
Why Custom Backend?

"It's a small toolchain that we can keep in our heads and make arbitrary changes 
to, quickly and easily. Honestly, if we'd built on GCC or LLVM, we'd be moving so 
slowly I'd probably have left the project years ago. 

[...] Certainly there is a room for improvement, but the custom toolchain is one 
of the key reasons we've accomplished so much in so little time." 

- Russ Cox in Hacker News thread1

1https://news.ycombinator.com/item?id=8817990
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Backend
Lowering to Static Single Assignment

Static Single Assignment: IR in which each variable is assigned to exactly once.
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Backend
SSA & Control-Flow Graph

v9 is true v9 is false
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Backend
Machine-Independent Optimization

• Optimizations performed in multiple (ordered) passes 

• Dead code elimination 

• Removal of unneeded nil checks 

• Constant folding 

• Common sub-expression elimination 

• Application of function intrinsics
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Backend
Definition of Passes
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Backend
Definition of Passes via Rewrite Rules
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Backend
Optimization of SSA
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Backend
Machine-Specific Optimizations & Machine Code

After machine-independent opts.: After lowering:

Final machine code:
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go build -gcflags="that's all!"
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Helpful Resources

• https://go.dev/src/cmd/compile/README 

• https://go.dev/src/cmd/compile/internal/ssa/README 

• https://eli.thegreenplace.net/2019/go-compiler-internals-adding-a-new-statement-to-go-part-1/ 

• https://eli.thegreenplace.net/2019/go-compiler-internals-adding-a-new-statement-to-go-part-2/ 

• https://www.quasilyte.dev/blog/post/go_ssa_rules/ 

• https://dave.cheney.net/2019/08/20/go-compiler-intrinsics
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