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- Fromhere! (born in Nice, grewup in Antibes)

- BeforemyPhD :
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- Télécom ParisTech(Paris)

- Masters in Université Pierre et Marie Curie (Paris)
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PhD in Computer Science (άallocataire moniteurέ)

άTowardsmore scalablemutualexclusion for multicorearchitecturesέ

Under the supervision of Gilles Muller and Gaël Thomas

REGAL/WHISPER team:άWell-HonedInfrastructure Software for 
ProgrammingEnvironmentsand Runtimesέ

[ŀōƻǊŀǘƻƛǊŜ ŘΩLƴŦƻǊƳŀǘƛǉǳŜ ŘŜ tŀǊƛǎ сΣ ¦ta/Σ tŀǊƛǎ

Postdoctoral ResearchFellow, then UniversityResearchAssociate

Under the supervision of Alexandra Fedorova

SYNAR team:άSystemsNetworking and Architecture Researchέ

Simon Fraser University(SFU), Vancouver, Canada

Until July 2014

Until Sept. 2015
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- Threemain projects:
- RemoteCoreLocking: dedicatingcoresfor the executionof criticalsections

- Hector: automatedfault detectionin error-handling codes

- A decadeof idlecores: schedulingbugs in Linux

- Domain: systems!
- Multicorearchitectures, synchronization/ lock algorithms

- Automatedsource code analysis, bug detection

- Schedulers(on multicorearchitectures, again)

- Probablynot yourdomainΧ
- I will just give a quick overview of my previous work, no details

- Objective: workwith youon someprojects! Low-levelsystemsstuff neededfor performanceΧ

- If interested, we candiscussthingsin more detail



Project 1
RemoteCoreLocking: dedicatingcoresfor faster

executionof criticalsections
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Project 1: RemoteCoreLocking

Context: multicorearchitectures

- Decadesof increasingCPU clockspeeds, now issues with power usage / heat

- Increasingnumbersof coresto keepincreasingprocessingpower
- Possible becausenumberof transistors keepincreasing
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Project 1: RemoteCoreLocking

Problem: 

- Manylegacyapplications ŘƻƴΩǘscalewell on modern multicorearchitectures

- For instance, Memcachedon an x86 48-core machine (Get/Set requests):
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Project 1: RemoteCoreLocking

Poor scalabilityon multicorearchitectures: why?

- Bottleneck= criticalsections, protectedby locks

- High contention => lock acquisition iscostly(more cores=> highercontention)
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Project 1: RemoteCoreLocking

Poor scalabilityon multicorearchitectures: why?

- Bottleneck= criticalsections, protectedby locks

- High contention => lock acquisition iscostly(more cores=> highercontention)

Twopossible solutions:

- Redesignapplications (fine-grainedlocking)

- Costly(millions of linesof legacycode)

- Design better locks!
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ċ Higher contention

MCS Č

CAS spinlock Č

Critical sections access 5 cache lines each
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Project 1: RemoteCoreLocking

Designingbetter locks

- No needto redesignthe application, better resistanceto contention

- Custom microbenchmarkto compare locks:
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Designingbetter locks

- Custom microbenchmarkto compare locks:
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Flat Combining Đ
Blocking locks Č

MCS Č

CAS spinlock Č



Project 1: RemoteCoreLocking

Question : whyare lock algorithmsinefficient ?
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Project 1: RemoteCoreLocking

Question : whyare lock algorithmsinefficient ?

Becausecriticalpathsare too long!

- Overhead1: costlylock handovers

- Overhead2: poor localityof criticalsections
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Project 1: RemoteCoreLocking

Overhead1: costlylock handovers
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Overhead1: costlylock handovers
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Spinlocks: busy-waiting,
POSIX locks: context switch,
MCS: sending a message from one thread to the next,
Flat combining:sometimes acquires a spinlock



Project 1: RemoteCoreLocking

Overhead2: poor localityof criticalsections
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Overhead2: poor localityof criticalsections
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Project 1: RemoteCoreLocking

Idea: RCL = shortenthe criticalpathas muchas possible by dedicatinga server core!
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Project 1: RemoteCoreLocking

Performance ?
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Combining locks {



Project 1: RemoteCoreLocking

That wasthe generalideaΧ ōǳǘ w/[ ƛǎ ƳǳŎƘ ƳƻǊŜ ǘƘŀƴ ǘƘŀǘΗ

RCL offers:

- A runtime designedto work with legacyapplications: i.e., it worksefficientlywith
multiple locksper serverand/or multiple servers,it handlescritical sectionsthat
busy-wait/block, that supportscondition variables/ trylocks/ nested/ recursive
criticalsectionsΧlotsof complexproblemsto solvehere!

- A reengineeringtool that transformsapplicationsto use RCL: ŎŀƴΩǘbe usedwith
only lock/unlockfunctions,needto encapsulatecriticalsections,andshipthem to
servercores...WeŘƻƴΩǘwant to do thismanually!

- A profiler to detect applications that can benefit from RCL: even with the
reengineringtool, usingRCLtakestimeΧWe want to makesure we can benefit
from it! Usecase: applicationswith highlycontendedlocksor criticalsectionsw/
poor locality...
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void func ( void ) {

int a, b, x;

é

a = é;

é

pthread_mutex_lock ();

a = f(a);

f(b);

pthread_mutex_unlock ();

é

}

struct context { int a, b };

void func ( void ) {

struct context c;

int x;

é

c.a = é;

é

execute_rcl (__ cs , &c);

é

}

void __cs ( struct context *c) {

c- >a = f(c - >a)

f(c - >b)

}
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Reengineeringtool: a simple case
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Performance in legacyapplications:
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