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Hey, it’s me: Sebastian

o Software Engineer & PhD student at INRIA Lille

 Open-source contributor since 2020 iy —
* Professional developper since 2017

* Passionate about languages — speak Spanish, French, English, and learning
ltalian :D

e Check me out on@ at jordanmontt

* I’ll be looking for a job next year *»

« King Crimson = best progressive rock group &



’m doing a PhD @ INRIA - France

Memory profilers and safe code instrumentation for OOP

Guille Me Stef



Pharo’s generational garbage collector

Fixed size Variable size

Young generation Old generation



Default parameters (some)*

16MB 2MB 2MB )

Young generation Old generation

*for Pharo 13



Why are you talking about this?




Most objects die young == <"
Weak generational hypothesis

Generation scavenging: A non-disruptive high performance storage reclamation algorithm, Ungar, 1984

Generation Scavenging: A Non-disruptive High Performance
Storage Reclamation Algorithm

David Ungar

Computer Science Division
Department of Electrical Engineering and Computer Sciences
University of California
Berkeley, California 94720

ABSTRACT

Many interactive computing environments
provide automatic storage reclamation and vir-
tual memory to ease the burden of managing
storage. Unfortunately, many storage reclama-
tion algorithms impede interaction with dis-
tracting pauses. Generation Scavenging is a rec-
lamation algorithm that has no noticeable
pauses, eliminates page faults for transient
objects, compacts objects without resorting to
indirection, and reclaims circular structures, in
one third the time of traditional approaches.

We have incorporated Generation Scaveng-
ing in Berkeley Smalltalk (BS), our Smalltalk-

80" implementation, and instrumented it to
obtain performance data. We are also designing

a ;qliiiiiiiiiiil iI" iiiiwili i‘l'iiil il e meshes well with virtual memoi|

1. Introduction

Researchers have designed several interactive pro-
gramming environments to expedite software construc-
tion [She83] Central to such environments are high level
languages like Lisp, Cedar Mesa, and Smalltalk- go™
[GoR83], that provide virtual memory and sutomatic
storage reclamation. Traditionally, the cost of a storage
management strategy has been measured by its use of
CPU time, primary memory, and backing store opera-
tions averaged over a session. Interactive systems
demand good short-term performance as well. Large,
unexpected pauses caused by thrashing or storage recla-
mation are distracting and reduce productivity. We have
designed, implemented, and measured Generation
Scavenging, 2 new garbage collector that

e limits pause times to a fraction of a second,
e requires no hardware support,
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Some info

Open Pharo, open a Playground write some random code

 Hundreds++ of scavenges

 ZERO old generation traversals (normally)



Normally when we allocated objects

Young generation Old generation
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nly few survive the scavenges
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Few objects get tenured”

—— g

Young generation Old generation

* Tenured = promoted to the old generation
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But some applications have different
memory behaviours

Young generation Old generation
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We start to put the old generation under
heavy pressure
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Old generation
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The VM spends more time managing
memory than actually executing code
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And we do not want that

20 Moniteur d'activité ® @ @ v Processeur  Mémoire Energie Disque Réseau

Toutes les opérations

Nom du processus Mém... Threads Ports PID Utilisateur

® Pharo (ne répond pas) 14,14 Go 8 434 98065  sebastian

WindowServer 3,74 GO 21 6073 166 _windowserver
Keynote 3,28 Go 13 5052 5894 sebastian
Firefox 1,61 Go 95 994 10686 sebastian
LibreOffice 752,1 Mo 10 379 10034 root

FirefoxCP WebExtensions 737,6 Mo 30 120 10696 sebastian

Discord Helper (Renderer) 721,1 Mo 52 1196 967 sebastian
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We can use object lifetimes to improve this
situation

The eternal lifetimes return



If we know the object will be long-lived

We can skip copying it from new to old space
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Pretenuring

When we allocate an object directly in the old generation

S - - ) - oal S
RS S By -

Old generation

— o a2 - RPN O3 N %

Young generation

Profile-Based Pretenuring

fBehavior >> basicNewTenured: |

STEPHEN M. BLACKBURN USSR R
Australian National University <gBehavior >> basicNewTenured ‘
MATTHEW HERTZ S ‘? |
Canisius College

KATHRYN S. McKINLEY N . 5 97 ~ , N
University of Texas at Austin I | ' — A 19

and
| EI1'INT B MNOAQCC AanA TINA VAN

<primitive:




Understanding object lifetimes

Lifetime

GC”* frees
the object

Object becomes
unreachable

Object’s allocation

GC” prepares
the object

* GC = Garbage Collector 20



Estimating an object’s lifetime




Motivating example

ICMSimulation >> #recordData

DEILE E0e.-
/
(self activeProbs ﬁfjb

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

» Assoclation Keys seli welltiey cladlegiciehs

iBehavior >> basicNew |

VAN

self basicNew key: newKey value:

<jorlmilielyes 7>

cormas

COmmon pool Resources
and Multi-Agent Simulations

newValue

22



Where should we pretenure?

ICMSimulation >> #recordData

DEILE E0e.-
(self activeProbs

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

COrMmas

COmmon pool Resources
and Multi-Agent Simulations

» Assoclation Keys seli welltiey cladlegiciehs

iBehavior >> basicNew |

VAN

self basicNew key: newKey value: newValue

<jorlmilielyes 7>
23



Maybe here?

ICMSimulation >> #recordData

data add:
(self activeProbs

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

cormas

COmmon pool Resources
and Multi-Agent Simulations

» Assoclation Keys seli welltiey cladlegiciehs

?

\ /} —.
V. ) - =
% “a e —-
/’A'.\ = = p—
= . < .

/Assoc:.atlon class >> #key = e

= g ~ 1
|
\

\‘

'Behavior >> basicNew |

VAN

self bastreNew key: newKey value: newValue
self ba81cNewTenured

\;\§_

<primitive: 70>

”
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We will pretenure all Associations X

ICMSimulation >> #recordData

DEILE E0e.-
(self activeProbs

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

cormas

COmmon pool Resources
and Multi-Agent Simulations

» Assoclation Keys seli welltiey cladlegiciehs

?

\/) —
'y L =_
7. =

= . _ . —
=
: - il —— - “l— —
—— =S =
= -

— - T

'Behavior >> basicNew |

VAN

self bastreNew key: newKey value: newValue

$§;' self ba81cNewTenured \H“w»w“»lw_»lw;Hv

<jorlmilielyes 7>

"
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Same, we will pretenure all Associations X

ICMSimulation >> #recordData

DEILE E0e.-
(self activeProbs

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

cormas

COmmon pool Resources
and Multi-Agent Simulations

S g ;” ;/i

{Object >> #-> :

» Asgociliaclion KEws el awwelbbiek.

IAssoclation class >> #key:value: f

iBehavior >> basicNew |

VAN

self basicNew key: newKey value: newValue %

<jorlmilielyes 7>
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We want to pretenure *only* when it comes from Cormas

/

ICMS 11 ulation >> #recordData

4/

DEILE E0e.-

(self activeProbs

S chaclo N gein@locmiaime’ => probe value}l )

cormas

COmmon pool Resources
and Multi-Agent Simulations

» Assoclation Keys seli welltiey cladlegiciehs

IAssoclation class >> #key:value: f

'Behavior >> basicNew |

VAN

self basicNew key: newKey value: newValue %

<primitive: 70>
27



Solution overview

reconstructPath

| path previous |
"If no path exists between the start and the end n«

end pathDistance = Float infinity ifTrue: [ * #(

"If the end node is part of a negative cycle"

end pathDistance = Flg 0 gInfinity ifTrue: I-l

path := LinkedListffy

previous := end.

path addFirst: en

[ previous = start ileFalse: [
previous := previ¥ previous
path addFirst: previte

A path




Step 1. Profiling

To estimate the object lifetimes

Array new: /

MethodProxies [1]

Capture the allocation

= +

Register the finalization s s

Ephemerons [2]

Object lifetime profiler

1] github.com/pharo-contributions/MethodProxies

O jordanmontt/illimani-memory-profiler

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

29


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

Step 1. Profiling

The profiler give us

Object lifetime profiler

O jordanmontt/illimani-memory-profiler

Object lifetimes

Stack trace for each
allocation

Size in memory
Object types

And other useful iInformation

30



Step 2. Allocation call graph

We build the allocation call graph




Cormas real pruned allocation call graph

Sym bo@ﬁvalue: CMSimulatiofi=}#recordData

ECECFor r>>itstepCMSlmulatior@iactiveProbe Colles n>@sDictionary

CMAg >Hdie ECECForag #treproduce ECECForag) move Arra @ #as:

o

b

CMAbstractModel>>f#femoveDestroyedEntities ECECForager>>#nearest yLoxauenWithinRadius: ollcctio

Entlty>>w (elehbourhoodAndSelf

CMAbstractModelc@»ﬁms CMSptialEntity»wneares@ptyNeighborWithinRadius: ECECFoxdgeye>#move Ord

Collcclion»nr@chllSucthal:Packag@classcs CMSpatnaInli(y>>nncarcsl{%p!ch|ghborswnninRadlus: EQECForager>xgrandbghWa

Package>> inedClasses Colle@n»w, Package>># ndedClasse
Collagtion 8 atCollect: Array:

Collection>f)

OSModseMo

Path cla@:withAll:

fivndpe
Aot ]

'@ a
py|

N
Behavior{>8basicNew SequenceableColl

String cl

%‘v’: tf Dictig a@#values

HashedCollex§j@nif#sthitialize:
N

Array clfsg>#new:
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Step 3. Allocation sites classification

We classify each edge as long or short lived

DataFrame>>
fromISON

33



Step 4. Allocation sites identification

Where we should pretenure the allocations

Long

S .
. hort JSON>>read Lo

= S
Lon
. Short | I
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Step 4. Allocation sites identification

We start at the leaves
- Datrame))

N\ o

OC>>collect:
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Step 4. Allocation sites identification
We go up In the hierarchy

Long

S .
. hort JSON>>read Lo

g O
N
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Step 4. Allocation sites identification
We go up

DataFrame>>
fromISON
sh - |
. ort JISON>>read Long
Lon&
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Step 4. Allocation sites identification
And up

38



Step 4. Allocation sites identification

Until we found the desire allocation site
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Step 4. Allocation sites identification
All of them

_ DataFrame>>
\\\ | CrOMJSON y g

pac Sy
e e ——— "~
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Step 4. Allocation sites identification
Why not taking the other nodes?

41



Step 4. Allocation sites identification

Because we’ll also be tenuring the short-lived allocations

DataFrame>>
fFromISON
sh - |
. ort JISON>>read Lor\g

| We’ll penalize the
| short-lived allocations || 4=\

T e e ——
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Step 4. Allocation sites identification

So we use different strategies to avoid the penalization

| We take this one {? -

. e e | Al

Long,

- N
T e l;\‘ ’w,‘n a5y \‘ )
G , i )
e T (| /
PR / L ) \ ,’/
! * ' ~.~ 4 " 4
s s X P
q : <\ — "o, e e —
l’\ A" -
Short —
. JISON>>read Lon

\‘«;
Long e
&K ;‘ b
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Step 5. Code rewriting

We replace the calls to the allocation primitives

"/ DoataFrame>>
\o fromISON

—~— - -
) -
T - - — -7

n Long Short T s
or S |
. "I

Behavior>>basicNew Behavior>>basicNewTenured

—_——

e ———————
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Coming back to a concrete example

COrmas

COmmon pool Resources
and Multi-Agent Simulations



We profile Cormas

fIllMemoryProfilernew

profileOn: [ CormasExperiment new run ]; |

yourselliE -
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We build the allocation call graph

Cormas >> #recordData

Object >> #->
Association
>> #Key:value:

Behavior >> #basicNew



We identify from where we want to pretenure

Object >> #->
Association
>> #key:value:
Behavior >> #basicNew
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We create copies with unique selectors of
the methods being called

Cormas >> #recordData
Object >>
Object >> #-> # pretenure_22:

Association : Associa;i:;)nk>>. |
>> #key:value: _pretenure_23_key:value

Behavior >> #basicNew Behavior
>> #basicNewTenured




That end up calling the pretenuring primitive

Cormas >> #recordData
Object >>
Object >> #-> # pretenure_22:
Association : Associa;i:;)nk>>. |
>> #key:value: _pretenure_23_key:value
Behavior >> #basicNew
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We replace the call

Cormas >> #recordData

Goes directly

to the old
space

Object >>
# pretenure_22:

Association >>
#_pretenure_23 key:value
Behavior
>> #basicNewTenured

51



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

Goes to the new
space (hormal

allocation) Object -

Assomahon
>> #key value:
Behawor >> #basicNew



How the code rewriting looks

CMSimulation >> #recordData

Clchn - -lGlle]

i (self activeProbs

collect: [ :probe | probe name pretenure 23412: probe value]) asDictionary

Object >> # pretenure 23412: anObject

~ Assoclation pretenure 23412 key: self value: anObject

iIBehavior >> basicNewTenured

P as AT — e

iAssociation class >> # pretenure 23412 key:value:

~ self basicNewTenured key: newKey value: newValue

<ouetigalielyisis SIS



Some results

« Around 15% faster V%64 @

cormas

COmmon pool Resources
and Multi-Agent Simulations

e More are about to come =
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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 MONTANO Ojordanmontt/ilIimani—memory—profiler

sebastian.jordan@inria.fr 0jordanmontt/senders—chain—transformer
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http://github.com/jordanmontt/illimani-memory-profiler
http://github.com/jordanmontt/senders-chain-transformer

