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Modern Virtual Machines

Concurrency
Just-in-time
Compiling

Garbage
Collection
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Complexity

JIT

GC

Concurrency

Hard

Very
hard

Concurrent GC
Parallel GC

Type Maps
Stack Maps

Hard

Hard

Memory Model

Safepoints
GC Barriers

Transaction Memory



4

Sharpen Your Axe: A Micro Virtual Machine Which You Can Depend On
Kunshan Wang and Yi Lin

List of Real-world VMs

Lang/Impl. JIT Compiling Concurrency GC

CPython Interpreted GIL Naive RC

PyPy Tracing JIT GIL MMTK-like

Unladen Swallow Template JIT Same as CPython Same as CPython

Jython To JVM byte-code JVM threading JVM GC

PHP Interpreted ? Naive RC

PHP (HipHop) Tracing JIT ? Naive RC

Ruby (MRI) Interpreted GIL Mark-sweep

Perl Interpreted ? Naive RC

Lua Interpreted No threading Mark-sweep

LuaJIT Tracing JIT Same as Lua Same as Lua

* Most implementations rewrite GC from scratch
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People Re-inventing Wheels
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Do Not Re-invent the Wheel

Lua impl. JavaScript impl. PHP impl. Python impl.

Java/JVM Haskell impl.

???????
JIT compiling
Concurrency

GC
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Sharpening Your Axe
Does Not Delay Your Wood-cutting Job

Language Impl.
Diffculties

µVM
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MicroVM (a.k.a. µVM)

• A very small VM
– JIT compiling

– Concurrency

– GC

JVM
bytecode fmt
class loading

OOP
JIT

Concurrency
GC

OS

Java prog

JVM Client
bytecode fmt
class loading

OOP

OS

Java prog

MicroVM
JIT

Concurrency
GC

Traditional VM With µVM
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MicroVM (a.k.a. µVM) cont.

• Client:
– implements PL

– delivers code

– handles traps

• µVM:
– JIT compiles

– manages heap

– manages threads

Client

MicroVM Heap

Code in
µVM Intermediate 

Representation

Trap
events

Program
(src/bytecode)

Read & parse
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µVM is a Low-level Abstraction

Language
Client

OS

program

µVM

• µVM is low-level.

• Machine-like data types:

– Int(n), n=1,8,16,32,64, ...

– Float(), Double(), Struct, Array

• Machine-like operations:

– BinOp, Cmp, Select, 
conversions..
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Garbage-collection 

• References (no pointer)
– And object feld operations

• Precise GC
– µVM can always fnd all 

references

• Easy for the Client
– Depend on the µVM

Value feld

Ref feld

Value feld

Ref feld

Ref feld

Value feld

Any
Data Structure
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Concurrency/Parallelism

• Thread and Stack 
primitives

• Memory Model and 
atomic operations

• SwapStack
– Light-weighted threads

– Coroutines
Stack1 Stack2

Thread1

 

Swap
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Designed for JIT-compiling

• Static single 
assignment (SSA)

• Run-time function 
redefnition

• Trap: way back to the 
Client

• On-stack Replacement

Client

MicroVM

Trap
events

µVM-IR 
code
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Status

• Prototyping for functions and interfaces
– Two prototypes in Python, two Lua clients

• Next milestone
– Rewrite µVM on RJava

– And a RJava client on µVM
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Summary (THE END)

• MicroVM (a.k.a. 
µVM) is a very 
small VM
– JIT compiling

– Concurrency

– GC

Monolithic
JVM

(do everything)

OS

Java prog

JVM Client
bytecode fmt
class loading

OOP

OS

Java prog

MicroVM
JIT

Concurrency
GC
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Appendix1: LLVM is good, but must be 
used in the right way.

GHC
(Haskell)

clang
(C/C++/ObjC)

PyPy
(Python)

UnladenSwallow
(Python)

Use

(because I don't
like assembly)

It works, and 
we can still 
call it 
(reasonably) 
fast.

secondary

No longer

Dead...
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Appendex2: Type inference is 
important for dynamic languages.

#!/usr/bin/python
a = b + c

PyNumber_Add(b,c)

guard(b is int)
guard(c is int)
add b, c
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