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VM development is a destinationVM development is a destination

VM development is a never-ending process
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What is the best possible performance
for an input P?
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We know where the performance ceiling isWe know where the performance ceiling is

We don’t know how well we’re doing
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Most optimisations are ad-hoc and/or
unpredictable

e.g. mono→ poly→megamorphic JS calls

5 / 20 http://soft-dev.org/

http://soft-dev.org/


We’re good at optimising abstractionsWe’re good at optimising abstractions

Most optimisations are ad-hoc and/or
unpredictable

e.g. mono→ poly→megamorphic JS calls

5 / 20 http://soft-dev.org/

http://soft-dev.org/


We’re good at optimising abstractionsWe’re good at optimising abstractions

Most optimisations are ad-hoc and/or
unpredictable

e.g. mono→ poly→megamorphic JS calls

5 / 20 http://soft-dev.org/

http://soft-dev.org/


We’re good at optimising abstractionsWe’re good at optimising abstractions

How to communicate optimisations to users?
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What is the effect of e.g. pointer tagging?

GC and register allocation only
fairly deeply studied topics?
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We know how features interactWe know how features interact

Performance non-determinism is rife
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We understand how large systems performWe understand how large systems perform

How convenient!
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We understand how large systems performWe understand how large systems perform
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VMs are expensive to create

Why not reuse that hard work?

CPython vs. Jython parable

10 / 20 http://soft-dev.org/

http://soft-dev.org/


Multi-language VMsMulti-language VMs

VMs are expensive to create

Why not reuse that hard work?

CPython vs. Jython parable

10 / 20 http://soft-dev.org/

http://soft-dev.org/


Multi-language VMsMulti-language VMs

VMs are expensive to create

Why not reuse that hard work?

CPython vs. Jython parable

10 / 20 http://soft-dev.org/

http://soft-dev.org/


Multi-language VMsMulti-language VMs

VMs are expensive to create

Why not reuse that hard work?

CPython vs. Jython parable

10 / 20 http://soft-dev.org/

http://soft-dev.org/


Semantic mismatchSemantic mismatch

11 / 20 http://soft-dev.org/

http://soft-dev.org/


Semantic mismatchSemantic mismatch

Generic Specific

11 / 20 http://soft-dev.org/

http://soft-dev.org/


Semantic mismatchSemantic mismatch

Generic Specific

x86

11 / 20 http://soft-dev.org/

http://soft-dev.org/


Semantic mismatchSemantic mismatch

Generic Specific

x86
Python

bytecode

11 / 20 http://soft-dev.org/

http://soft-dev.org/


Semantic mismatchSemantic mismatch

Generic Specific

x86
Python

bytecode
JVM

bytecode

11 / 20 http://soft-dev.org/

http://soft-dev.org/


Semantic mismatchSemantic mismatch

Generic Specific

x86
Python

bytecode
JVM

bytecode

11 / 20 http://soft-dev.org/

http://soft-dev.org/


Semantic mismatchSemantic mismatch

Generic Specific

x86
Python

bytecode
JVM

bytecodeContinuations

11 / 20 http://soft-dev.org/

http://soft-dev.org/


Semantic mismatchSemantic mismatch

Generic Specific

x86
Python

bytecode
JVM

bytecodeFeaturen

11 / 20 http://soft-dev.org/

http://soft-dev.org/


Semantic mismatchSemantic mismatch

Generic Specific

x86
Python

bytecode
JVM

bytecode

11 / 20 http://soft-dev.org/

http://soft-dev.org/


Semantic mismatchSemantic mismatch

Generic Specific

x86
Python

bytecode
JVM

bytecode

11 / 20 http://soft-dev.org/

http://soft-dev.org/
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One solution: language design tweaks
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Source: https://www.cvedetails.com/product/19117/Oracle-JRE.html?vendor_id=93
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Thin pointers for dynamic dispatchThin pointers for dynamic dispatch

VMs use dynamic dispatch extensively

use std::mem::size_of;

trait T { }

fn main() {
assert_eq!(size_of::<&bool>(), size_of::<&u128>());
assert_eq!(size_of::<&bool>(), size_of::<usize>());
assert_eq!(size_of::<&dyn T>(), size_of::<usize>() * 2);
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Thin pointers for dynamic dispatchThin pointers for dynamic dispatch

let x: &dyn T = ...;
let (ptr, vtable) = unsafe {
mem::transmute<_, (*mut u8, *mut u8)>(x)

};
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Thin pointers for dynamic dispatchThin pointers for dynamic dispatch
#[repr(C)]
struct ThinPtr { objptr: *mut u8 }

impl ThinPtr {
fn new<U>(o: U) -> ThinPtr
where *const U: CoerceUnsized<*const (dyn T + ’static)>,

U: T + ’static
{
let (dataptr, vtable) = unsafe { mem::transmute<_, (*mut u8, *mut u8)>(x) };
let objptr = malloc(size_of::<*mut u8>() + size_of::<U>());
unsafe { ptr::write(objptr, &vtable, size_of::<*mut u8>()) };
unsafe { ptr::write(objptr + 1, ptr, size_of::<U>()) };
ThinPtr { objptr }

}
}

impl Deref for ThinPtr {
type Target = dyn T;
fn deref(&self) -> &(dyn T + ’static) {
let vtable = unsafe { ptr::read(objptr, size_of::<*mut u8>()) };
unsafe { transmute::<(*const _, *const _), _>((self.objptr + 1, vtable)) }

}
}
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Thin pointers for dynamic dispatchThin pointers for dynamic dispatch

#[repr(C)]
struct ThinPtr { objptr: *mut u8 }

impl ThinPtr {
fn try_downcast<U: T>(&self) -> Option<&U> {

let t_vtable = unsafe {
transmute::<&dyn T, (*mut u8, *mut u8)>(ptr::null() as *const U) };

let vtable = unsafe { ptr::read(objptr, size_of::<*mut u8>()) };
if vtable == t_vtable {
Some(unsafe { &* (self.objptr + 1) as *const U })

} else {
None

}
}

}
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Thin pointers for dynamic dispatchThin pointers for dynamic dispatch

#[narrowable_abgc(ThinObj)]
trait Obj { }

struct VMInt { x: u64 }

impl Obj for VMInt { }

fn f(v: ThinObj) {
if let Some(o) = v.try_downcast::<VMInt>() {

println!(o.x);
}

}
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Where can we go next?Where can we go next?

We understand less than we should
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Where can we go next?Where can we go next?

Clear problems
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Where can we go next?Where can we go next?

Opportunities!
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