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Hey, it’s me: Sebastian

• Software Engineer & PhD student at INRIA Lille


• Open-source contributor since 2020


• Professional developper since 2017


• Passionate about languages – speak Spanish, French, English, and learning 
Italian :D


• Check me out on        at jordanmontt 

• I’ll be looking for a job next year 👀
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• King Crimson = best progressive rock group  🎸🎼

* 100% real no fake



I’m doing a PhD @ INRIA - France
Memory profilers and safe code instrumentation for OOP
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Me StefGuille



Pharo’s generational garbage collector
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Eden S1 S2 Tenured

Young generation Old generation

Fixed size Variable size



Default parameters (some)*
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Eden S1 S2 Tenured

Young generation Old generation

16 MB 2 MB 2 MB No Limit (GB)

* for Pharo 13



Why are you talking about this?
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Most objects die young ☠🐣🔫
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Generation scavenging: A non‑disruptive high performance storage reclamation algorithm, Ungar, 1984 

Weak generational hypothesis



Because
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Eden S1 S2

Young generation Old generation

Way slower !

Variable size (GB)16 MB 2 MB 2 MB



Some info
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Open Pharo, open a Playground write some random code


• Hundreds++ of scavenges


• ZERO old generation traversals (normally)
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Normally when we allocated objects

Young generation Old generation



Only few survive the scavenges
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Young generation Old generation



Few objects get tenured*
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Young generation Old generation

* Tenured = promoted to the old generation



But some applications have different 
memory behaviours
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Young generation Old generation



We start to put the old generation under 
heavy pressure
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Young generation Old generation



The VM spends more time managing 
memory than actually executing code
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And we do not want that
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We can use object lifetimes to improve this 
situation
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The eternal lifetimes return
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Young generation Old generation

If we know the object will be long-lived
We can skip copying it from new to old space

No extra stress 
in the new space
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Young generation Old generation

Pretenuring
When we allocate an object directly in the old generation

Behavior >> basicNewTenured: 

    <primitive: 597>Behavior >> basicNewTenured 

    <primitive: 597>



Understanding object lifetimes
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Object’s allocation Object becomes 
unreachable

GC* prepares 
the object

Lifetime

GC* frees

the object

* GC = Garbage Collector



Estimating an object’s lifetime
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lifetime = tcollection - tallocation
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CMSimulation >> #recordData 

data add: 

(self activeProbs 

collect: [ :probe | probe name -> probe value]) asDictionary

Object >> #-> 

^ Association key: self value: anObject

Association class >> #key:value: 

^ self basicNew key: newKey value: newValue
Behavior >> basicNew 

  

    <primitive: 70>

Motivating example

🔥

🔥

🔥



Where should we pretenure?
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CMSimulation >> #recordData 

data add: 

(self activeProbs 

collect: [ :probe | probe name -> probe value]) asDictionary

Object >> #-> 

^ Association key: self value: anObject

Association class >> #key:value: 

^ self basicNew key: newKey value: newValue
Behavior >> basicNew 

  

    <primitive: 70>



Maybe here?
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CMSimulation >> #recordData 

data add: 

(self activeProbs 

collect: [ :probe | probe name -> probe value]) asDictionary

Object >> #-> 

^ Association key: self value: anObject

Association class >> #key:value: 

^ self basicNew key: newKey value: newValue
Behavior >> basicNew 

  

    <primitive: 70>
self basicNewTenured



We will pretenure all Associations ❌
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CMSimulation >> #recordData 

data add: 

(self activeProbs 

collect: [ :probe | probe name -> probe value]) asDictionary

Object >> #-> 

^ Association key: self value: anObject

Association class >> #key:value: 

^ self basicNew key: newKey value: newValue
Behavior >> basicNew 

  

    <primitive: 70>
self basicNewTenured



Same, we will pretenure all Associations ❌
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CMSimulation >> #recordData 

data add: 

(self activeProbs 

collect: [ :probe | probe name -> probe value]) asDictionary

Object >> #-> 

^ Association key: self value: anObject

Association class >> #key:value: 

^ self basicNew key: newKey value: newValue
Behavior >> basicNew 

  

    <primitive: 70>



We want to pretenure *only* when it comes from Cormas ✅
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CMSimulation >> #recordData 

data add: 

(self activeProbs 

collect: [ :probe | probe name -> probe value]) asDictionary

Object >> #-> 

^ Association key: self value: anObject

Association class >> #key:value: 

^ self basicNew key: newKey value: newValue
Behavior >> basicNew 

  

    <primitive: 70>



Solution overview
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Object lifetime profiler

1⃣ 2⃣ 3⃣

4⃣ 5⃣

longlong

pretenuring

short



Step 1. Profiling
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jordanmontt/illimani-memory-profiler

Array new: 7

Capture the allocation

Register the finalization

MethodProxies [1]

Ephemerons [2]

[1] github.com/pharo-contributions/MethodProxies

[2] github.com/pharo-project/pheps/blob/main/phep-0003.md

Object lifetime profiler

=

To estimate the object lifetimes

http://github.com/pharo-contributions/MethodProxies


Step 1. Profiling
The profiler give us

• Object lifetimes


• Stack trace for each 
allocation 

• Size in memory


• Object types


• And other useful information
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jordanmontt/illimani-memory-profiler

Object lifetime profiler



Step 2. Allocation call graph
We build the allocation call graph
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Cormas real pruned allocation call graph
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We classify each edge as long or short lived
Step 3. Allocation sites classification



Step 4. Allocation sites identification
Where we should pretenure the allocations

34



Step 4. Allocation sites identification
We start at the leaves
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Step 4. Allocation sites identification
We go up in the hierarchy
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Step 4. Allocation sites identification
We go up
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Step 4. Allocation sites identification
And up
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Step 4. Allocation sites identification
Until we found the desire allocation site
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Step 4. Allocation sites identification
All of them
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Step 4. Allocation sites identification
Why not taking the other nodes?
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Step 4. Allocation sites identification
Because we’ll also be tenuring the short-lived allocations
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We’ll penalize the 
short-lived allocations



Step 4. Allocation sites identification
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We take this one

So we use different strategies to avoid the penalization



Step 5. Code rewriting
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We replace the calls to the allocation primitives



Coming back to a concrete example
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IllMemoryProfiler new 

 profileOn: [ CormasExperiment new run ]; 

 yourself.

We profile Cormas
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Cormas >> #recordData

Object >> #->

Association 
>> #key:value:

Behavior >> #basicNew

We build the allocation call graph

…
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Cormas >> #recordData

Object >> #->

Association 
>> #key:value:

Behavior >> #basicNew

We identify from where we want to pretenure

…



We create copies with unique selectors of 
the methods being called
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Cormas >> #recordData

Object >> #->

Association 
>> #key:value:

Behavior >> #basicNew

Object >> 
#_pretenure_22:

Association >> 
#_pretenure_23_key:value

Behavior 
>> #basicNewTenured

…



That end up calling the pretenuring primitive
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Cormas >> #recordData

Object >> #->

Association 
>> #key:value:

Behavior >> #basicNew

Object >> 
#_pretenure_22:

Association >> 
#_pretenure_23_key:value

Behavior 
>> #basicNewTenured

…



We replace the call
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Cormas >> #recordData

Object >> #->

Association 
>> #key:value:

Behavior >> #basicNew

…

Object >> 
#_pretenure_22:

Association >> 
#_pretenure_23_key:value

Behavior 
>> #basicNewTenured

Goes directly 
to the old 
space



We *do not affect* the other users of #-> 
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Cormas >> #recordData

Object >> #->

Association 
>> #key:value:

Behavior >> #basicNew

…

Object >> 
#_pretenure_22:

Association >> 
#_pretenure_23_key:value

Behavior 
>> #basicNewTenured

Goes to the new 
space (normal 
allocation)
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CMSimulation >> #recordData 

data add: 

(self activeProbs 

collect: [ :probe | probe name _pretenure_23412: probe value]) asDictionary

Object >> #_pretenure_23412: anObject 

^ Association _pretenure_23412_key: self value: anObject

Association class >> #_pretenure_23412_key:value: 

^ self basicNewTenured key: newKey value: newValue

How the code rewriting looks

Behavior >> basicNewTenured 

  

    <primitive: 597>



• Around 15% faster 🔥✅


• More are about to come 😎 
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Some results



EvreffervE

Selective pretenuring
• We can use an object lifetimes profiler to identify long-lived allocation sites


• Pretenuring can reduce the GC overhead


• We only pretenure the application-specific allocations

Sebastian JORDAN MONTAÑO 
sebastian.jordan@inria.fr

jordanmontt/illimani-memory-profiler

jordanmontt/senders-chain-transformer

http://github.com/jordanmontt/illimani-memory-profiler
http://github.com/jordanmontt/senders-chain-transformer

