Static Calls in a Dynamically-typed Language:
From Implementation Challenges to Opportunities

IWST’26

Faouzi Rayane Mokhefi, Stéphane Ducasse, Luc Fabresse, Pablo Tesone, Guillermo Polito - 18/06/2026

y 4

2 RIStAL A4_x ’
(reeia — t ESUG'26
cherc ormatig Ecole Mines-Télécom
Signal et Automatique de Lille IMT-Université de Lille

Centre de Recherche en Informatique,

International Workshop for Smalltalk Technologies 2026
1



Contributions and Agenda

 Two static calls implementations in Pharo
* |mage-side support (syntax)

* Interpreter-based (hew bytecode)

e JIT-based

e Evaluations
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Context: Dynamically-typed Language

MySuperObject
 Dynamic dispatch is slow _

+ foo

* Possible optimizations:

* Caches (Global, inline)

 Devirtualization MyObject

o := MyQObject new

o foo



Context: Dynamically-typed Language

+ foo

* Possible optimizations:

MySuperObject
 Dynamic dispatch is slow _

* Caches (Global, inline)

 Devirtualization MyObject

o := MyQObject new

Call site . ofoo




Static Calls

e Specify the exact method to execute
directly in the call site at compile time

* No late-binding/lookup

New syntax or static message:

Recelver classname selector

+ foo

MySuperObject

MyODbiject

o := MyQObject new



Why Static Calls ?

Empower developers:
* Basic Building block for advanced mechanisms
= |mage and VM side communication (primitives)
» Direct method call without late binding

v More efficient

Y No Guard => errors may occur



Static Calls

 New syntax (IR and AST

a CompiledMethod (Undefined... ¥ & () s [E: aCompiledMethod (Undefined.. % & () s« [
node with type information) |
Method Source  Bytes Bytecode IR  AST IR AST Header Raw  Breakpoints Meta
1| f -Variable - Value
. . ] 00 : .
* TWO'byte INnstruction: 2| » 13 _Smallinteger_myFactorial e DridetoadOo;eci=¥loa
B B 2 literal0 -1152921504606846972
] 2 literall 13
1. Static Call opcode (246) + ( }literal2

» (€ literal3 an AdditionalMethodState (74938
. » (©) literald #UndefinedObject->UndefinedOb
2. Literal offset of the S bl 32
target method S
2 bc43
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Static Calls: Interpreter implementation



Overview of message sends at runtime

Message send

append lookup result
to global cache

/ 3rd

Lookup method in global cache

Miss

-

\/

Miss

Hit
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full method Lookup

target method execution




Message Sending Implementation (Interpreter)

{1.1.0.10000000000000000000. 1/4}

do: [ :num | num negated ]



Message Sending Implementation (Interpreter)

{1.1.0.10000000000000000000. 1/4}

do: [ :num | num negated ]

Global cache



Message Sending Implementation (Interpreter)

{1.1.0.10000000000000000000. 1/4}

Number>>#negated
do: [ :num | num negated ]

Float>>#negated

ash(type,selector)

LargePositivelnt>>#negated

Fraction>>#negated

Global cache
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Message Sending Implementation (Interpreter)

{1.1.0.10000000000000000000. 1/4}

1 Number>>#negated
do: [ :num | num negated ]

D Float>>#negated

3 |LargePositivelnt>>#negated

Fraction>>#negated

Hash collisions are possible

Global cache
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Static Calls Interpreter Implementation

In a Nutshell

 Doesn’t pass through the global cache nor the lookup

* Fetches the method from the literal frame and activates it directly
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Extending Interpreter to support Static Calls

nend lookup re
global cag

h 4

A y =

target method execution

ﬁ

full method Lookup

Static message send — Lookup method in global cache 4




Static Calls: JIT-based implementation



Current Message Sending

Jit
{1.1.0.10000000000000000000. 1/4}
do: [ :num | num negated ]
num = 1 num = 1.0 num = 10000000000000

A >>

arg

coIr

Unlinked site Monomorphic site

v

rewritten as

Polymorphic site

rewritten as
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rewritten as

Megamorphic site



Current Message Sending
Jit

[N

{1.1.0.10000000000000000000. 1/4}

do: [ :num | num negated ]

num = : num = 1.0 num = 10000000000000
Unlinked site Monomorphic sitcfe Polymorphic site Megamorphic site
. v Sao g L ~a o _ W
rewritten as frewritten as rewritten as
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Unlinked to Monomorphic
1.1.0. 1000000000000000008%

do: [ :num | num negated ]

guardedEntry(targetMethod)

e Q\ited method

functions, like patching and lookup

* First call is managed by Trampoline / num = 1

* Runtime performs lookup, Patches / Unlinked site Monomorphic site
the site to the right target rewritten as

* Trampolines are used for different call sendTraI:r;poIine i caII:eneFFFampeﬁne

E guarded| if class != Integer
! abort()
3
! unguarded Integer_negated
Native | native code
Code e L

Zone
19



Current Message Sending
Jit

[N

{1.1.0.10000000000000000000. 1/4}

do: [ :num | num negated ]

num =1 num = 1.0 num = 10000000000000
Unlinked site EMonomorphic site Polymorphic siteé Megamorphic site
N . v TS //1 TN o - _w
rewritten Eas rewritten as rewritten as
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Monomorphic to Polymorphic

num = 1 num = 1.0

Monomorphic site Polymorphic site

a - o> a- o o
- - —
- -
-—

call- guardedEntry(ta,r;;’etMethod) é call guardedMethodEntry
: : : | C
Monomorphic call jumps into ; i
method check entry offset | K\J
Jitted method PIC1
Type fail calls Trampoline quarded] W class ™= Integer f class = Float
unguarded Integer_negated j.ump unguardedEntry(Float_negated)
Creates d PIC Wlth 2 entries native code J!Lcmli)sjnzgLr:r%geedrEntry(lnteger_negated)
: : else:
Patch call site with new PIC abort(
Jitted method
guarded [ if class != Float
abort()
unguarded

Float_negated
1 native code




Current Message Sending
Jit

A >> method1: argA

arg foo

compiled into :
A new method1: 1 A new method1::1.0 A new method1: Object new

Unlinked site Monomorphic site EPonmorphic site Megamorphic site
\\ ,’v N : v M prad

-
-
- - -
- -— - -— -
-— - i - S -—
e - - e - e e - -

rewritten as rewritten as: rewritten as
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Polymorphic to Megamorphic

aum = 1.0 num = 10000000000000
Polymorphic site Megamorphic site
 PIC reaches 6 entries e e
call &PICH call @RICH
» Trampoline patches the site to call a /\) I e
global cache lookup function !
PIC1
» Shared by all sites with the same e e aodEntry(Float_negated

selector

If class = Integer
jump unguardedEntry(Integer_negated)

else:
abort()
Jitted method
guarded | if class != Float
abort()
unguarded

Float_negated
native code
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Static Calls JIT-based Implementation

In a Nutshell

4 new trampolines
* Jump to jitted code (ceStaticMessageSend:)
 Precomputes the handling of arguments.

* A new instruction to generate assembly for: fetching the target method to be
executed from literals

» (Call inverse trampoline when unable to locate/generate jitted target method
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Extending JIT to support Static Calls

\

A

T~
A >> compute: arg A Point >> degreesm
A (100@100) _Point_degrees
.7 compiled into A
Unlinked site Static site

Jitted method _A_Compute

guarded

If class 1= A
abort()

unguarded

call staticSendTrampoline

guarded
rewrittenas___

— — —
——
- —
—
—
——
——
—

unguarded
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Jitted method _A_Compute

if class 1= A
abort()

call staticSend¥frampoline
unguardedEntry(targetMethod)

\

Jitted method _Point_degrees ,"

guarded| if class != Point
abort()

unguarded




Static Calls: Evaluation



Evaluation: Setup

1 initializeCaches
2 3 timesRepeat: [

3 self

4 sending64TimeMessageTlo: Set;

5 sending64TimeMessageTlo: 1;

6 sending64TimeMessageTo: Object new;
7 sending64TimeMessageTlo: 1.0;

8 sending64TimeMessageTo: "toto’;

9 sending64TimeMessageTo: Object |

10

11 1 to: iterations do: [ :e | self sending64TimeMessageTo: Set ].
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Evaluation: Interpreter

Interpreter-Only VM Microbenchmarks Runtime — Relative to ‘MonoMorphic’' Mean
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Evaluation: JIT

JIT Microbenchmarks Runtime — Relative to 'MonoMorphic’' Mean
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Conclusion

 New static calls implementation at the Interpreter and JIT compiler levels

o Static calls speed up the interpreter. But not as much in JIT due to already
fast monomorphic inline caches

* A building block for future experiments

 Breach image to VM access restriction, without generating new VMs
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Static Calls in a Dynamically-typed Language:
From Implementation Challenges to Opportunities

e Questions ?
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