
TangoLLVM: An LLVM 
Backend for the Go compiler

Tianxiao Gu, Rui Feng, Fengkai Liu, Nian Sun
ByteDance



Contents
• Motivation: Why We Optimize Golang at ByteDance
• Background: The standard Go compiler
• TangoLLVM: LLVM as a Backend
• Challenges: Support Garbage Collection in LLVM
• Evaluation



Why We Need LLVM for Golang?
• Golang: easy-to-learn, fast compilation and small binary

• not designed for high performance

• Golang at ByteDance
• the most widely used programming language for backend services
• consuming a huge number of CPU cores daily



Existing LLVM-based Approaches
• TinyGo

• for embedded environment
• non-standard runtime and SDK
• https://github.com/tinygo-org/tinygo

• gollvm
• not actively maintained
• non-standard runtime and SDK

• cannot build almost all ByteDance internal applications
• https://go.googlesource.com/gollvm/



The Standard Go Toolchain
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https://go.googlesource.com/go/+/refs/heads/dev.regabi/src/cmd/compile/internal-abi.md



The Go Runtime and moduledata

• moduledata:
• metadata generated by the compiler and used by the runtime
• Support stack walking, stack trace, garbage collection and reflection API

https://cloud.google.com/blog/topics/threat-intelligence/golang-internals-symbol-recovery/



TangoLLVM: LLVM as a Backend
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The Go Garbage Collector
• Go runtime can allocate objects on stack and in heap

• Copy stack objects when stacks are growing
• No moving/copy in heap objects

• Garbage collection happens at statepoints
• Statepoint: a call instruction with a computed stack map indicating 

where to find GC pointers on stack
 

• Go ABI has no callee-saved registers
• Values in registers are spilled to stack at a statepoint.



Support Go Garbage Collection in LLVM
• Based on GCStatepoints

• https://llvm.org/docs/Statepoints.html
• Identify pointers at LLVM IR
• Keep pointer infos during codegen/lowering
• Emit stack map in LLVM MC

• Challenges:
• Most existing passes are not aware of GC

• e.g., LICM can move a GEP pointer out of the loop where the base pointer of the 
GEP may be null



GC Pointers
• GC Pointer: an LLVM IR value with pointer types in TangoLLVM $

• A GC pointer can be read by the garbage collector to locate the containing (stack or heap) object

• Valid GC pointer
• Any pointer within live objects: [o2.base, o2.base + o2.size)

• Invalid GC pointer
• bad pointer: null + offset
• zombie pointer: o2.base + o2.size = o3.base

• GC will mark o3 instead of o2

o1 o2 o3 o4

$ unsafe pointers with integer types are discussed later



Identify Invalid GC Pointers
• Only GEP can lead to invalid GC pointers

• invalid base pointer: null + non-zero offset
• invalid offset: out of bounds

• Identify valid GC pointers in IR using static analysis
• null pointer analysis/null pointer check elimination
• pointer element size propagation $

• An invalid GC pointer is still safe if it does not live through any 
statepoint

• move/clone GEP right before each use
• may nullify LICM

$ TangoLLVM is based on LLVM 19 and uses opaque pointer types.



Unsafe Pointers
• Pointer-like integer values are also GC pointers

• IntToPtrInst and PtrToIntInst
• ptr -> int -> int arithmetic -> ptr

• Track the validity of pointer-like integers using static analysis
• fallback to the Go compiler if we cannot determine whether a pointer-

like integer value is a valid GC pointer

https://pkg.go.dev/unsafe#Pointer



Evaluation
• The go1 benchmark suite

• baseline: the Go compiler
• llvm: llvm without lto and pgo
• lto: llvm with lto only
• pgo: llvm with lto and pgo

• Each benchmark was repeated 20 times
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