
Redesigning FFI calls in Pharo
Exploiting the baseline JIT for more performance and low 
maintenance
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Roadmap

• FFI and why do we need it 

• Current FFI implementation and its problems 


• Our new design and how it solves those problems


• Early results
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Foreign Function Interfaces

• Mechanism to interoperate between languages


• For example, calling C from Pharo.


• Based on a binary contract, a.k.a. an ABI (Application Binary Interface)
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Pharo calls into C a lot using FFI
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FFI

Bloc

Iceberg

etc.



malloc: size

^ self ffiCall: #(void* malloc(int size))
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Foreign Function Interfaces Example

- Name of the function 
- Return type 
- Number of arguments 
- Types of the arguments

Function meta-data

Function argument



malloc: size

^ self ffiCall: #(void* malloc(int size))
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Foreign Function Interfaces Example

- Name of the function 
- Return type 
- Number of arguments 
- Types of the arguments

Function meta-data

Function argument
Known at run time

Known statically



Roadmap
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• FFI and why do we need it


• Current FFI implementation and its problems  

• Our new design and how it solves those problems


• Early results
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Interpreter >> primitiveFFICallout
| functionMetadata argumentArray |
functionMetadata := self pop.
argumentArray := self pop.
argumentArray := self marshallArguments: argumentArray

usingFunctionMetadata: functionMetadata.
result := self

ffiCall: functionMetadata
arguments: argumentArray.
…

• Only in the interpreter

One FFI Primitive to rule them all
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Interpreter >> primitiveFFICallout
| functionMetadata argumentArray |
functionMetadata := self pop.
argumentArray := self pop.
argumentArray := self marshallArguments: argumentArray

usingFunctionMetadata: functionMetadata.
result := self

ffiCall: functionMetadata
arguments: argumentArray.
…

• Only in the interpreter


• Function meta-data known 


at run time

One FFI Primitive to rule them all
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Interpreter >> primitiveFFICallout
| functionMetadata argumentArray |
functionMetadata := self pop.
argumentArray := self pop.
argumentArray := self marshallArguments: argumentArray

usingFunctionMetadata: functionMetadata.
result := self

ffiCall: functionMetadata
arguments: argumentArray.
…

• Only in the interpreter


• Function meta-data known 


at run time 


• Run time checks of arguments

One FFI Primitive to rule them all
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Interpreter >> primitiveFFICallout
| functionMetadata argumentArray |
functionMetadata := self pop.
argumentArray := self pop.
argumentArray := self marshallArguments: argumentArray

usingFunctionMetadata: functionMetadata.
result := self

ffiCall: functionMetadata
arguments: argumentArray.
…

• Only in the interpreter


• Function meta-data known 


at run time 


• Run time checks of arguments


• Supports all cases with libffi

One FFI Primitive to rule them all



Analyzing the current implementation
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• Pros 

• Simple maintenance: single implementation, leveraging libffi


• Cons 

• General solution incurs high overhead for all cases



The most used signatures are often the same ones
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Analyzing the current implementation



Goal: Redesign FFI to take advantage of the JIT compiler
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• Pros 

• Simple maintenance: single implementation, leveraging libffi


• Cons 

• General solution incurs high overhead for all cases

=> Keep maintenance low

=> Specialize compilation for common function signatures



Challenges

• VM Primitives do not allow specialization: Cogit JIT compiler does not 
support specializing a method/primitive with respect to an argument.


• Missing compilation context: Function meta-data is available as a run time 
argument
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malloc: size

^ self ffiCall: #(void* malloc(int size))
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- Name of the function 
- Return type 
- Number of arguments 
- Types of the arguments

Function meta-data

Function argument
Known at run time

Missing compilation context

Known statically BUT the primitive  
does not use it statically! 

It treats it as another run-time argument



Roadmap
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• FFI and why do we need it


• Current FFI implementation and its problems 


• Our new design and how it solves those problems 

• Early results



Design Principle: Separate Fast from Slow
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Slow path

• All function signatures


• Relies on current primitive


• Performs just like before

Fast path

• Common function signatures


• JIT specialized


• Leverages compile-time information
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Our solution is based on a new bytecode instruction

bytecodeFFICallWithArg: size

   …

inlining

The bytecode gets inlined so there is no run time call then we access the function  
meta-data at compile time. 

malloc: size

^ self ffiCall: #(void* malloc(int size))

Only data known at run time



JIT >> bytecodeFFICall
| functionMetadata |
functionMetadata := self getFirstLiteral.

…

Accessing to the function meta-data at compile time
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…
<E6 01> ffiCall: “function”

a CompiledMethod

1: Function meta-data

Bytecodes

 …

 …

Literals



JIT >> bytecodeFFICall
| functionMetadata result |
functionMetadata := self getFirstLiteral.

…

self popAndMarshallArgumentsUsing: functionMetadata

…

self marshallAndPushResult: result.

Specialize marshaling at compile time
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Convert the arguments  
(Pharo objects) to C types before  
passing them to the function

Inverse process with  
the return value



JIT >> bytecodeFFICall
| functionMetadata result |
functionMetadata := self getFirstLiteral.

…
self popAndMarshallArgumentsUsing: functionMetadata

…
self putArgumentsInRegistersUsing: functionMetadata.
self Call: functionMetadata functionAddress.
result := self getResultFromRegister.

self marshallAndPushResult: result

…

Specialize function call avoiding libffi
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Do the call ourselves: 

• Prepare the arguments 

• Generate a call instruction 

• Get the result from register



JIT >> bytecodeFFICall
| functionMetadata result |
functionMetadata := self getFirstLiteral.
(self isFunctionSignatureOptimizable: functionMetadata)
    ifFalse: [ self fallbackToPrimitive ].

self popAndMarshallArgumentsUsing: functionMetadata
    ifSomeError: [ self fallbackToPrimitive ]. 

self putArgumentsInRegistersUsing: functionMetadata.
self Call: functionMetadata functionAddress.
result := self getResultFromRegister.

self selfMarshallAndPushResult: result
  ifSomeError: [ self fallbackToPrimitive ].
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Fallback For the unoptimized signatures and error  

handling, fallback to the current primitive



JIT >> bytecodeFFICall
| functionMetadata result |
functionMetadata := self getFirstLiteral.
(self isFunctionSignatureOptimizable: functionMetadata)
    ifFalse: [ self fallbackToPrimitive ].

self popAndMarshallArgumentsUsing: functionMetadata
    ifSomeError: [ self fallbackToPrimitive ]. 

self putArgumentsInRegistersUsing: functionMetadata.
self Call: functionMetadata functionAddress.
result := self getResultFromRegister.

self selfMarshallAndPushResult: result
  ifSomeError: [ self fallbackToPrimitive ].
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Key idea: At compile time we detect which path we take

Slow path

Fast path



Roadmap

25

• FFI and why do we need it


• Current FFI implementation and its problems 


• Our new design and how it solves those problems


• Early results



Results
Our new design  
with JIT active

Baseline: current 
implementation 
with no JIT active

Fast path 
uint64 uint64

higher is better

Slow pathFast path 
void ptr 26



Results

27

No impact on  
the slow path!

12x improvement 
on the fast path 
with JIT active

3x improvement 
on the fast path 
with no JIT Fast path Slow path



More in the paper
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You can find a more detailed description of how it all works in the article




Conclusion

• Current primitive is too generic


• Introduced a new FFI call design for Pharo that is faster for the most 
commonly used function signatures


• Achieved up to 12x improvement over the current implementation


• Slow path performs just like before
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Extra - Marshaling
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Two levels of marshaling
There is a high-level marshaling and a low-level one
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Any Pharo object Pharo primitive types Native C types

high-level

low-level

Image VM



Example
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Any Pharo object Pharo primitive types Native C types

'15'
A Pharo String 

15
A Pharo SmallInteger 

15

A C integer

asInteger untag

Image VM

Consider a C function that takes an integer but from Pharo we call it with a String



Specializing marshaling at compile time
• The function meta-data will tell us how many and the type of the arguments 


• We obtain them from the stack and convert them to their corresponding C 
native types


• For each type of value, the conversion Pharo type -> C type will be different
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Specializing marshaling at compile time: Example

• The function meta-data tells us that the function has only an argument and its type is uint32_t


• So the machine code we generate would look like this:


jumpBadArg := objectRepresentation genJumpNotSmallInteger: RegisterForArg0.

objectRepresentation genConvertSmallIntegerToIntegerInReg: RegisterForArg0.

self CmpCq: 0 R: RegisterForArg0.

jumpBelowRep := self JumpLess: 0.

self CmpCq: UINT32_MAX R: RegisterForArg0.

jumpAboveRep := self JumpGreater: 0.

…

34



Extra - TFExternalFunction
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TFExternalFunction
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A description of the external function

- Return type 

- Number of arguments 

- Argument types

TFExternalFunction CIF

A description of the arguments and return type
Memory address of the external function

0x7ff800e9e184
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external 
address

external 
address

handle

definition

…
handle

paramTypes

returnType

Header

Header

TFExternalFunction

TFFunctionDefinition ExternalAddress

ExternalAddress

Pharo Native

C function

struct 
ffi_cif

Header

Header

Layout of a TFExternalFunction object

…



Extra - libffi
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libffi
Pharo calls the ffi_call function defined by libffi
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Pointer to the CIF

Pointer to the function to call }We have this information inside our

 TFExternalFunction object

Holders for the arguments and return value
The holder avalue is the way we pass the arguments to 

the external function

The holder rvalue is where the external function given by 
the fn pointer will put the return value 

Essentially, it is a memory location we reserve beforehand 

for the external function to put something in there

}

}


