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Problem:scaability”

¥ Many legeey applicaions don®scde well on multicore architectures’
¥ Forinstance, Memcahed (GET/SET requess):
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Why?

¥ Criticd sectons = bottleneckon multicore architeciures'
¥ High contertion Bllockacauisifon iscosty"
Pl More coresBiimore cortertion’

. 100%" ==SPLASH-2/Radiosity"

% f00 -=-SP|ASH-2/Raytrace”

TU; “#*=Phoenix2/LG"

2 60%" Phoenix2/SM"

; i} Phoenix2/MM"

g 0% “®=Memcached/GET"

$ 20%" Memcached/SET"

';% o | Berkeley DB/OS"

; o 7 4 8" 16" 22" 320 48 Berkeley DB/SL"
Number of cores" %

* Including lock acquisition time"



Solution: designing better locks'

¥ Better resisénceto cortertion’
¥ No needto redesig the gpplicaion"
¥ Custom microkenchmark to compare locls”
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Remote Core Lockng'

Objective: remove aomicinstructions and reduce cache misse's
¥ BExecue cortended criticd sectons on adedicaed semner core'
¥ Very fasttransker of cortrol,no syrc on gobal variable"

Bl Faster than lockacquisitons when cortention is high"
¥ Shared dataremans on seiver core Blfewer cache misses
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Imdemenation: generd ided’

¥ Impdemenation basedon cache line-sied malboxes'
¥ Three beld:lock cortext, function®

lock context function

C &lock2 0xc0d54800 NULL req,
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n o) q -
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c '
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w
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Hardware cache line size (L)

¥ Cliert Pllsthe beldand walits for the function to be reset
¥ Server loopsacrossthe belg™
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Usirg RCL in legacy applicdions (1)"

RCL Runtime :

¥ Handlesblockingin criticd sectons (1/0, page faultsE) "
Bl Pool of senicirg threads on sener”

Pl Able to senice other (independent) criticd sectons when blocled"

¥ Makesit possile to usecordition variables(cond/wait)"
Bl Usedby ~50%o0f applicaions that usePOSX locksin Debian 60.3"



Usirg RCL in legacy applicdions (2)"

Reengineering:

¥ Criticd sectons must be encgpsuated into functions
Bl Locd varieblessen as parameters (corntext)"



Usirg RCL in legacy applicdions (2)"

Reengineering:

pthread mutex_lock(); !
= f(a); !

f(b); !

pthread_mutex_unlock();

E !

31

gpsuaedinto functionsn ) |

ikt 496 yaridales%se N as paramelers (cor

tﬁiﬁ)"func (void ) { !

I struct context c; !

lintx; !

| El

lca=E; !

| E!

I execute_rcl(__cs, &cC); !
| El

3!

void _ cs ( struct context *c) { !
I c->a = f(c->a) !
I f(c->b) !

}!

QL




Usirg RCL in legacy applicdions (2)"

Reengineering:

iticd ‘?‘QZ‘?/ éWmsuawdmo funetionsy |
i dqgd varisblegsent as parameters (Contexd)" func (void {

= L-struct-eontext c; !
. 7 . '

E ) | Fint X;
a=E; ! | | E!
E | lca=E; |
N | | El
g E e/z;j m“f"l'\ lock(); ' I execute rcl(__cs, &c); !
=ra); - | E!
f(b), 1 H
pthread_mutex_unlock(); ! e
£ | void _ cs ( struct context *c) { !
: I c->a = f(c->a) !
1 'f(c->b) !
}!

QL
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Usirg RCL in legacy applicdions (2)"

Reengineering:

el:g,e(% Wmsd&@dMo@n@ﬁmmb t |
& 49¢d varisblegsert as parameters (contexd)" func (void ).

" E' Lstruct-eontext c; I
| Fint x; I

y '@olfto reergineer app ..caiohsajtomaslcal}é
FNRgssiths toxpiekisirich locks use RCL” £ . !

I execute_rcl(__cs, &0C);

TF?)aw dalseseidizaion! B
D)y ol g ik i ccar 5 "
pthre‘aﬁu mmmP'&’ﬂWé?{ty'? seiver( )hmdlexhhlchlecl(s).

E | void _ cs ( struct context *c) { !
I'c->a = f(c->a) !

! | | f(c->b) |

}!

=

QL




Usirg RCL in legacy applicdions (2)"

Reengineering:

¥ Criticd sectons must be encgpsuated into functions
Bl Locd varieblessen as parameters (corntext)"

¥ Tool to reergneer gpplicaions automaticdly”
Bl Possilte to pickwhichlocks use RCL"

Bl To avoid faseseidizdion!
Possilte to pickwhich sever(s)handle whichlocks)

10"



Usirg RCL in legecy applicdions (3)"

Profiling:
¥ Custom proPlerto Prd good candidates'
¥ Metric:timespent in criticd sectons’

¥ Running the probleron the microkenchmark shrows that:"
Bl Iftimespent in CS> 20%RCL ismore efbcieh than POSX locks'
Bl Iftimespent in CS> 70%RCL ismore efbciet than al other locls'

100 ——
N % of time in CS
Lc) 80 ' All other locks have collapsed (60000 cycles): 70%
S 60|
£ a0}
© 50 | Collapse of POSIX (120000 cycles): 20%
x

O ‘ ‘ L ‘ ‘ L ‘ ‘ L
100 1000 10000 100000 1e+06

Delay (cycles) 1T



Expenmerns’

¥ Benchmarks (hichly cortended B 70%timespert in CS™"

Pl SPLASH-2 benchmark suite "
B3 gpplicdions out of 10 are highly contended"

Bl Phoenix2 benchmark suite "
Bl 3 gpplicdions out of 7 are highly contended"

Bl Memcached "
B Highly contended with the GET workload"

Pl Berkeley DB /TPC-C "
BiHighly corntended with 2 workloads (Order StatusSock Lewel)"

12"



Bvauation resuts (1)"

¥ Better performance and scaability whentimein CS> 70%
Bl Rerformance improvemert comrrelaed with timein CS'

¥ Only one or two locksreplacedeachtime’
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Bvauation resuts (2)"

¥ BerkeleyDB with TPC-C (100 clients)'
¥ Large gains,%in CSunderesimaed'

Base 1 Flat Combining ]

POSIX MCS-TP
CAS spinlock —] RCL —
10 + S 9 10
< 4 o9 ® N N oSN
- O «+€H O < I O «H - N~

XXXXXXXXXX

» (o]
» (o]

N
T
N

Higher isbetter"

2 L

1 dlmidu

Order Status Stock Level
% in CS: ! 53%" 56%"

N

o

Performance relative to base application (100 clients)



RCL Scdability (1)

¥ Memcahed, SET requess?

POSIX
CAS spinlock ——

RCL

MCS +—te—

5 _ | | |
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Speedup
w
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1 | |

15
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RCL Scdability (2)"

¥ BerkeleyDB/TPC-C, SockLewl requess!
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RCL Scdability (2)"

¥ BerkeleyDB/TPC-C, SockLewl requess!
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Throughput (transactions/s)

10

RCL Scdability (2)"

¥ BerkeleyDB/TPC-C, SockLewl requess!
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Conclusior!

¥ RCL reauceslockacauisiion time and improvesdata locdity"
¥ Problerto detectwhen RCL can be usefll"
¥ Tool to easethe transbrmation of legacy code”

¥ Fuure work: adaptive RCL runtimé”

B Dynamicdly switch betweenlockng strateges
Bl Load baancing betweenseners'



