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Cost  of  low  blocking:  high  overhead
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ContribuIons

Four  lock  server  paradigms

•  ImplementaIon

•  EvaluaIon

Lock  server  coordinaIon  protocol
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The  Idea
	   Remote	  Core	  Locking	  
◦ used	  to	  reduce	  cri&cal-‐sec&on	  lengths	  [1]	  
	   We	  developed:	  lock	  servers	  
◦ used	  to	  reduce	  overhead	  
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Lock	  server:	  a	  process	  dedicated	  to	  
performing	  lock	  and	  unlock	  func&ons	  

[1]	  J.	  Lozi,	  F.	  David,	  G.	  Thomas,	  J.	  Lawall,	  and	  G.	  Muller.	  Remote	  core	  locking:	  migra&ng	  cri&cal-‐
sec&on	  execu&on	  to	  improve	  the	  performance	  of	  mul&threaded	  applica&ons.	  USENIX	  ATC	  2012.	  
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Key	  insight:	  use	  mul&ple	  lock	  servers	  
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locality	  

mobility	  

Global	   Local	  

Sta2c	   -‐	  Lose	  1	  core	  
+	  L1	  cache	  affinity	  

-‐	  Lose	  mul&ple	  cores	  
+	  L1	  cache	  affinity	  

Floa2ng	   -‐	  No	  guaranteed	  
cache	  affinity	   +	  L3	  cache	  affinity	  

coordina&on	  with	  R2LP,	  
addi&onal	  blocking	  
considera&ons	  



Experimental  EvaluaIon
	   Measured	  overhead	  and	  blocking	  
	   One	  task	  per	  core	  issuing	  10,000	  random	  requests	  
	   64	  resources,	  each	  task	  requests	  4	  of	  these,	  cri&cal-‐
sec&on	  lengths	  =	  40µs	  	  
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Experimental  EvaluaIon
	   By	  how	  much	  can	  a	  lock	  server	  paradigm	  
reduce	  worst-‐case	  overhead?	  
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Global	   Local	  

Sta2c	   -‐	  Lose	  1	  core	  
+	  L1	  cache	  affinity	  

-‐	  Lose	  mul&ple	  cores	  
+	  L1	  cache	  affinity	  

Floa2ng	   -‐	  No	  guaranteed	  
cache	  affinity	   +	  L3	  cache	  affinity	  

How	  do	  overhead	  and	  blocking	  differ	  
between	  sta&c	  and	  floa&ng	  lock	  servers?	  
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Sta&c	  lock	  servers	  tend	  to	  reduce	  overhead	  more	  than	  
floa&ng	  lock	  servers.	  
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With	  the	  use	  of	  a	  global	  lock	  server,	  blocking	  is	  nearly	  
iden&cal	  to	  that	  without	  using	  a	  lock	  server.	  
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Global	   Local	  

Sta2c	   -‐	  Lose	  1	  core	  
+	  L1	  cache	  affinity	  

-‐	  Lose	  mul&ple	  cores	  
+	  L1	  cache	  affinity	  

Floa2ng	   -‐	  No	  guaranteed	  
cache	  affinity	   +	  L3	  cache	  affinity	  

Experimental  EvaluaIon
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How	  do	  overhead	  and	  blocking	  differ	  
between	  global	  and	  local	  lock	  servers?	  
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Local	  lock	  servers	  reduce	  overhead	  more	  than	  global	  lock	  
servers.	  
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Local	  lock	  servers	  result	  in	  increased	  blocking	  
compared	  to	  global	  lock	  servers.	  
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Experimental  EvaluaIon
	   Measured	  overhead	  and	  blocking	  
	   One	  task	  per	  core	  issuing	  10,000	  random	  requests	  
	   Parameter	  sweep:	  

◦ Number	  of	  tasks:	  {2,4,…,36}	  
◦ Total	  #	  of	  resources:	  {16,	  32,	  64}	  
◦ #	  resources	  per	  request:	  {1,2,4,6,8,10}	  
◦ Cri&cal-‐sec&on	  lengths:	  {1,	  20,	  40,	  …,	  100}	  μs	  
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ContribuIons

Four  lock  server  paradigms

•  ImplementaIon

•  EvaluaIon

Lock  server  coordinaIon  protocol
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Lock  Server  CoordinaIon
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Original	  C-‐RNLP	  bound:	  

Two-‐server	  C-‐RNLP	  bound	  with	  R2LP:	  

(ci	  +	  1)LMAX	  

(ci,s	  +	  1)(LMAX,1	  +	  LMAX,2)	  



C-‐RNLP  bound
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(ci	  +	  1)LMAX	  =	  (7	  +1)(5)	  =	  40	  &me	  units	  

40	  &me	  units	  
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Arbitrary  Split
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Server	  1	   Server	  2	  

Blocking	  

Server	  1:	  (3	  +	  1)(5	  +	  5)	  =	  40	  

Server	  2:	  (3	  +	  1)(5	  +	  5)	  =	  40	  

(ci,s	  +	  1)(LMAX,1	  +	  LMAX,2)	  



Even  Split  by  CriIcal-‐SecIon  Length
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Blocking	  

Server	  1:	  (3	  +	  1)(3	  +	  5)	  =	  32	  

Server	  2:	  (3	  +	  1)(3	  +	  5)	  =	  32	  

(ci,s	  +	  1)(LMAX,1	  +	  LMAX,2)	  
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Uneven  Split  by  CriIcal-‐SecIon  Length
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Blocking	  

Server	  1:	  (1	  +	  1)(1	  +	  5)	  =	  12	  

Server	  2:	  (5	  +	  1)(1	  +	  5)	  =	  36	  

(ci,s	  +	  1)(LMAX,1	  +	  LMAX,2)	  
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Blocking  Bounds

32	  

36	  &me	  units	  

Uneven	  split	  by	  cri&cal-‐sec&on	  length	  
12	  &me	  units	  

40	  &me	  units	  
Baseline	  –	  no	  lock	  server	  

40	  &me	  units	  

40	  &me	  units	  

Arbitrary	  split	  

32	  &me	  units	  

32	  &me	  units	  

Even	  split	  by	  cri&cal-‐sec&on	  length	  

Server	  1:	  

Server	  2:	  

Server	  1:	  

Server	  2:	  

Server	  1:	  

Server	  2:	  



Future  Work
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• Choose	  how	  to	  split	  tasks	  (based	  on	  requests)	  
when	  using	  lock	  servers	  
• Explore	  accoun&ng	  for	  sta&c	  servers	  
•  Set	  server	  at	  highest	  priority,	  ensure	  lock	  state	  in	  
cache	  
• Use	  a	  dedicated	  IRQ-‐handling	  core	  
•  Treat	  as	  a	  special	  kind	  of	  interrupt	  

• Conduct	  a	  large-‐scale	  overhead-‐aware	  
schedulability	  study	  
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cache	  affinity	   +	  L3	  cache	  affinity	  
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12	  &me	  units	  

Server	  Coordina&on:	  R2LP	  

QuesIons?

dx.doi.org/10.4230/DARTS.4.2.2	  
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Case  Study:  Four  Sockets
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four-‐socket,	  6-‐cores-‐per-‐socket	  
Intel	  Xeon	  L7455	  

L1	  data:	  32KB	  
L1	  instruc&on:	  32KB	  
L2:	  3MB	  
L3:	  12MB	  



Case  Study:  Profile  of  Requests
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Case  Study:  Nested  Requests

37	  

B.	  Brandenburg	  and	  J.	  Anderson.	  Feather-‐trace:	  A	  
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Handling  Nested  Requests
	   Non-‐nested	  lock	  request	  

	   With	  Dynamic	  Group	  Locks	  (DGLs)	  
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lock(A)  
    lock(B) 
      //critical section 
    unlock(B) 
unlock(A)  

lock(A) 
    //critical section 
unlock(A)  

lock(A) 
    //critical section 
unlock(A)  

lock(A,B) 
    //critical section 
unlock(A,B)  

	   Nested	  lock	  request	  



AddiIonal  Experimental  Results
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Challenge:  Blocking  Chains
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