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Motivation: Slow Dynamic Languages
● Language Overhead

○ Dynamic Dispatch, Type Checking, Complex Object Models

● JIT Compiler
○ Complicated & Error-prone
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Background: Traditional Tracing JITs 
● Traditional tracing JITs

○ Traces hot loops in User-code

○ 4 stages

■ Profile

■ Trace

■ Optimize

■ Execute
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Meta-Tracing JITs (PyPy)
● Meta-Tracing JIT (PyPy)

○ Traces Interpreter-code through user loops

○ Language Agnostic

○ Applies the 4 stages of a traditional tracing 

JIT on the interpreted language 
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Simple Object Model (Slow)

5



Key Hint 1: promote()
● Hint to tracer that variable is 

constant
○ Guards

○ Unlocks constant folding

● Used in practice for variable 

types



Key Hint 2: @elidable
● Manipulate objects, not 

primitives

● Hint to tracer that function is 

pure
○ Unlocks constant folding

● Immutable data structures



Application Walkthrough (Maps)
● Slow Dictionary accesses

● Intuition: Many instances share 

layout (attribute keys)

● Split Instance Dict
○ Map (Immutable)

○ storage 



Performance Results

*lower is better

CPython is the default bytecode-based Python Interpreter. 
JIT baseline is is the PyPy interpreter without maps or type 
version enabled. JIT full is PyPy running with its full suite of 
optimizations. 
All benchmarks are written in a subset of Python (RPython)
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Results Discussion 
● 1.8x to almost 20x speed ups
● Better performance than widely used CPython 

○ In OOP contexts

● Better than baseline JIT
○ Hints allow for optimizations that baseline JIT couldn't effectively do on its own
○ Agnostic backend allows for cross-language usage

● Interpreter level changes -> abstracted to end developer



Limitations & Tradeoffs
● promote(): Code Bloat

● @elidable: Correctness

● Expensive writes to class definitions (versioning)

● Significant interpreter changes

● Object-Oriented targeted speedups



Impact
● Ideas still used in modern PyPy 

● Extended to other languages like Ruby [2]

● Influenced later runtime optimization systems like 

Truffle/GraalVM [3]
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