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Multi-tier Virtual Machine
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Multi-tier Virtual Machine
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Oh no… yet another tier to 
maintain… 😖



Multi-tier Virtual Machine
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[*] Michael Lippautz. MoreVMs ’25. The V8 Sandbox



JIT Compiler Generators
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JIT Compiler Generators
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Baseline JIT Compiler Generators
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Pharo VM
More than 20 years

More than 10 years
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Pharo VM
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Generate AoT



How do we generate Baseline 
JIT Compilers AoT?



Pharo VM - Bytecodes and Primitives
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Pharo VM - Instruction handlers
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The addition primitive
Interpreter
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🖐

• Pops the two integers from the stack 
• Push the addition 
• On checks failure, a slow path is taken



Pharo VM - Instruction generator handlers
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Pharo VM - Instruction generator handlers
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Pharo VM - Instruction generator handlers

22

RESULT

INTERPRETER

...		
5	->	interpretPushVariable	
...		
33	->	interpretPushConst	
...		
87	->	interpretSend	
...	

BASELINE 
JIT COMPILER

...		
5	->	genPushVariable	
...		
33	->	genPushConst	
...		
87	->	genSend	
...	

🖐 🖐

COGIT

Backend

Frontend



JIT Compiler

The addition generator primitive - Cogit RTL
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🖐

• Generate code 
• Virtual register-based (2AC) 
• Low level machine code

COGIT



Meta-compile a baseline JIT compiler for Pharo
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Baseline JIT CompilerInterpreter

Code generated by Druid
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Meta-compile a baseline JIT compiler for Pharo
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Meta-compile a baseline JIT compiler for Pharo
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Meta-compile a baseline JIT compiler for Pharo
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Druid Optimizations



Meta-interpretation guided by intrinsics
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Interpreter

Meta-compilation guided by intrinsics
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DRUID
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Evaluation
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Druid JIT vs Interpreter
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Faster than the Interpreter 

- 2x on average 
- Up to 5x

Druid JIT vs Interpreter
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What else?
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🧐



Extra!
We are also using Druid as an 


Optimizing Bytecode Compiler (WIP) 



Optimizing Bytecode Compiler
With Inlinings



Optimizing Bytecode Compiler
With Inlinings

Why is this important? 
https://github.com/ESUG/esug.github.io/blob/source/

2024-Conference/slides/show-us-your-project/show-us-
your-project-esug-2024-dropal.pdf 

https://github.com/ESUG/esug.github.io/blob/source/2024-Conference/slides/show-us-your-project/show-us-your-project-esug-2024-dropal.pdf
https://github.com/ESUG/esug.github.io/blob/source/2024-Conference/slides/show-us-your-project/show-us-your-project-esug-2024-dropal.pdf
https://github.com/ESUG/esug.github.io/blob/source/2024-Conference/slides/show-us-your-project/show-us-your-project-esug-2024-dropal.pdf


Conclusions

• AoT meta-compilation of Baseline JITs is feasible


• It achieves decent performance


• Traditional compiler optimizations


• Intrinsics + Staging


• Extra!


• Optimizing Bytecode Compiler
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https://discord.gg/QewZMZa

Let’s keep  
in contact!

/Alamvic/druid
/pharo-project/pharo-vm

nahuel.palumbo@inria.fr

https://discord.gg/QewZMZa
mailto:nahuel.palumbo@inria.fr


Thank you!
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Questions?
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