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Whoam|?

- Fromhere! (bornin Nice grewup in Antibes)

- BeforemyPhD :
-59!D aL!{Z [AOSYOS RQLYFT2NXI GAljdzS b
- TéléconmParisTecl(Paris)
- Masters in Université Pierre et Marie Curie (Paris)
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Whoam|?

Until July 2014 PhD in Computer Scien@eallocataire moniteus)
dTowardsmore scalablemutualexclusion fomulticorearchitectures
Under the supervision of Gilles Muller and Gaél Thomas

REGAL/WHISPER teaiellHonedInfrastructure Software for
Programmindg=nvironmentand Runtimes

[ 02N> 02ANB RQLYF2NXI GAljdzS RS t I N

Until Sept. 2015 PostdoctoraResearcliellow then UniversityResearci\ssociate
Under the supervision of Alexandfadorova
SYNAR teamSystem$etworking and ArchitectuiResearch
Simon FrasddniversitSFU), Vancouvé&anada



Whoam|?

- Threemainprojects
- RemoteCorelLockingdedicatingcoresfor the executionof criticalsections
- Hector.automatedfault detectionin error-handling codes
- Adecadeof idle cores schedulindbugs inLinux

- Domainsystems
- Multicorearchitecturessynchronizatior lockalgorithms
- Automatedsource cod@nalysisbugdetection
- Schedulerg¢on multicorearchitecturesagair)

- Probablynot yourdomairX
- | will just give a quick overview of my previous work, no details
- Objectiveworkwith youon someprojects! Lowlevelsystemsstuff neededfor performance
- If interested we candiscusghingsin moredetail



Project 1

RemoteCorel.ockingdedicatingcoresfor faster
executiorof criticalsections
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Project 1RemoteCorelLocking

Context multicorearchitectures
- Decade®f increasingCPltlockspeedsnow issueswith power usage heat

- Increasinghumbersof coresto keepincreasingporocessingower
- Possibldecausenumberof transistorkeepincreasing
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Context multicorearchitectures
- Decade®f increasingCPltlockspeedsnow issueswith power usage heat

- Increasinghumbersof coresto keepincreasingporocessingower
- Possibldecausenumberof transistorkeepincreasing

> # transistors

—>  Clock speed
—  Power consumption

| el 7 Ratio power/speed

ooooo
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Project 1RemoteCorelLocking

Problem
- ManylegacyapplicationR 2 ys€&ligwell on modernmulticorearchitectures

- For instancelMemcachedn an x86 4&ore machineGetSetrequests:
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4.5 I
Al T - = At - W N A .
",,Er B“'B\. ' —
,;E ‘ E---E"-.B ‘ q_)
3.5 er """""""""""""""""""""" "'ﬁ.;;;ti;j """"""""""" .
"’ 3 i i -.-B---B-"E- .f: GJ
= 3 oo 13” —————————— T S SIS I3 o
g 5 | | | 2
@ . S —— e Lo R
! : : (D)
C% /Fﬁ 3 3 3 N
2 Lo SRR EERE e S R -1 D
1 f 3 | T
1.5 ;/'B‘~B‘-B'-B.'E-—B--B__E__E" """""""""""" !
Iy s B O-8-6-6-8-p-.g_g
———————————————————————————————————————————————————————————————————— e S x XX 3 B
[F \ i i
1 6 12 18 22
# threads

JeanPierre Lozt Past activity



Project 1 RemoteCorelLocking

Problem
- ManylegacyapplicationR 2 ys€&l@well on multicorearchitectures

- For instanceMemcachedn an x86 4&ore machineGetSetrequests:

Memcached/Get ---g3--- Memcached/Set --g--

4.5

Speedup
N
(&)
Higher is better

2
S # threads
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Project 1RemoteCorelLocking

Poorscalabilityon multicorearchitectureswhy?
- Bottleneck=criticalsectionsprotectedby locks
- High contention => lock acquisitimtostly(more cores=>highercontention)
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Project 1RemoteCorelLocking

Poorscalabilityon multicorearchitectureswhy?
- Bottleneck=criticalsectionsprotectedby locks
- High contention => lock acquisitimtostly(more cores=>highercontention)
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Project 1RemoteCorelLocking

Poorscalabilityon multicorearchitectureswhy?
- Bottleneck=criticalsectionsprotectedby locks
- High contention => lock acquisitimtostly(more cores=>highercontention)

Twopossible solutions:
- Redesigmapplications (fingrainedlocking
- Costly(millions oflinesof legacycode)
- Desigrbetter locks!
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Project 1RemoteCorelLocking

Designingetter locks
- Noneedto redesigrthe applicationbetter resistanceo contention

- Custommicrobenchmarko compare locks:
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Project 1RemoteCorelLocking

Designingetter locks
- Noneedto redesigrthe applicationbetter resistanceo contention

- Custommicrobenchmarko compare locks:

e ewe

€L

CAS spinlock C
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Execution time (cycles)
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110,000

Critical sections access 5 cache lines each L L L L L 1,000
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Designingetter locks
- Custommicrobenchmarko compare locks:

POSIX —s— MCS - -x-.
Spinlock —+— Flat Comb. —e—

e e
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CAS spinlock C
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¢ Higher contention Dpelay Lower contention C
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Project 1 RemoteCorelLocking

Question whyare loclalgorithmsanefficient ?
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Project 1RemoteCorelLocking

Question whyare loclalgorithmsanefficient ?

Becauseriticalpathsaretoo long!
- Overheadl: costlylockhandovers
- Overhead: poor localityof criticalsections
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Overheadl.: costlylockhandovers
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Overheadl.: costlylockhandovers
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Overheadl.: costlylockhandovers
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Overheadl.: costlylockhandovers
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Project 1 RemoteCorelLocking

Overhea®: poor localityof criticalsections

Shared variable 1 Tl T2 T3
Shared variable 4 L. CS1 1 J_
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Project 1 RemoteCorelLocking

Overhea®: poor localityof criticalsections
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Project 1 RemoteCorelLocking

Overhea®: poor localityof criticalsections
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Project 1 RemoteCorelLocking

ldea RCL shortenthe criticalpathasmuchas possible bgledicatinga servercorée

JeanPierre Lozi Past activity
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ldea RCL shortenthe criticalpathasmuchas possible bgiledicatinga servercore
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Project 1 RemoteCorelLocking

ldea RCL shortenthe criticalpathasmuchas possible bgledicatinga servercorée

T1 T2 T3 Server core
. L ___________ Shared variable 1
B Shared variable 2
""""""""" L CS No cache misses!
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ldea RCL shortenthe criticalpathasmuchas possible bgiledicatinga servercore

T1 T2 T3 Server core
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Project 1 RemoteCorelLocking

Performance ?
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Project 1 RemoteCorelLocking

POSIX —s— MCS - -x-. RCL —e—
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POSIX —e— Flat Comb. —e— RCL —e—
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Project 1RemoteCorelLocking

ThatwasthegeneraideaX odzi w/ [ A& YdzOK Y2NB GKI Y
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Project 1RemoteCorelLocking

ThatwasthegeneraideaX odzi w/ [ A& YdzOK Y2NB GKI Yy
Focusiegacysystem(C)applications RCloffers

- Aruntime designedio work with legacyapplicationsi.e., it works efficiently with
multiple locksper serverand/ or multiple serversit handlescritical sectionsthat
busywait / block,that supportscondltlonvarlables/ trylocks/ nested/ recursive
criticalsection¥ lots of algorithmic/ engineeringoroblemsto solvehere!
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ThatwasthegeneraideaX odzi w/ [ A& YdzOK Y2NB GKI Yy
Focusiegacysystem(C)applicationsRCloffers

- Aruntime designedio work with legacyapplicationsi.e., it works efficiently with
multiple locksper serverand/ or multiple serversit handlescritical sectionsthat
busywait / block,that supportscondltlonvarlables/ trylocks/ nested/ recursive
criticalsection¥ lots of algorithmic/ engineeringoroblemsto solvehere!

- A reengineeringool that transformsapplicationsto use RCLO | yb&uised with
only lock/ unlockfunctions,needto encapsulatecritical sections,and ship them
to servercores.. WeR 2 yvvﬂnﬂto do this manually!
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ThatwasthegeneraideaX odzi w/ [ A& YdzOK Y2NB GKI Yy
Focusiegacysystem(C)applications. RQiffers

- Aruntime designedio work with legacyapplicationsi.e., it works efficiently with
multiple locksper serverand/ or multiple serversit handlescritical sectionsthat
busywait / block,that supportscondltlonvarlables/ trylocks/ nested/ recursive
criticalsection¥ lots of algorithmic/ engineeringoroblemsto solvehere!

- A reengineeringool that transformsapplicationsto use RCLO | yb&uised with
only lock/ unlockfunctions,needto encapsulatecritical sections,and ship them
to servercores.. WeR 2 yvvﬁnﬂto do this manually!

- A profiler to detect applicationsthat can benefit from RCL even with the
reengineringtool, usingRCLtakestimeX We want to make sure we can benefit
from it! Usecase: applicationswith highlycontendedlocksor critical sectionsw/
poorlocality..
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Project 1RemoteCorelLocking

Reengineeringpol: a simple case

void func (void ){
int a, b, x; void func (void ) {
. struct  context c;
int  x;
é
ca = ¢é;
: é
pthread _mutex_lock 0O; SN
é

pthread_mutex_unlock  ();
e

}
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Reengineeringpol: a simple case

void func (void ){
int a, b, X;
. ct  contextc;

int  Xx;

é

ca = §é;

é

execute_rcl (__ cs, &c);

é

pthread _mutex_unlock
é
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Reengineeringpol: a simple case

void func (void ){

int a, b, Xx; /
: ct  contextc;
int  X;
é ; =
. ca = ¢€,;
) é
pthread_mu s 0 execute_rcl  (__cs, &c);

e

pthread _mutex_unlock
é
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Reengineeringpol: a simple case

void func (void ){
int a, b, x;
z ct context c;
int  Xx;
é
ca = ¢€&;

pthread _mutex_unlock
é
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Performance ihegacyapplications:

POSIX MCS mmmm CC-Synch mmmm RCL

Spinlock mmmm  Flat Combining s DSM-Synch mmmm

Higher is better

Best perf. / best POSIX perf.

oes not run
oes not run
oes not run

:
£
- E
S

oes not run
oes not run

i

il

[ANala [aNala
Memcached:  String Raytrace: Memcached: Linear Radiosity =~ Raytrace: Matrix
Set Match Balls4 Get Regression Car Multiply
%in CS: 44.7% 63.9% 65.7% 79.0% 81.6% 87.7% 90.2% 92.2%
(many DCMs)
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Performance ihegacyapplications:

POSIX
Spinlock s

CC-Synch mmmm

MCS mmmm
Flat Combining mm
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Best perf. / best POSIX perf.
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Set

44.7%
(many DCMs)
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DSM-Synch mmmm

................

Higher is better

il
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Linear
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Car
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Get
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String
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Performance ihegacyapplications:

Higher is better

%in CS: 44.7% 63.9% 65.7% 79.0% 81.6% 87.7% 90.2% 92.2%
(many DCMs)
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