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The multi-core revolution 

 

 

 

 

 

ÅBig challenges in hardware & software 

ÅSoftware 

ïscalabilityΥ ҧ ǇŜǊŦƻǊƳŀƴŎŜ ōȅ ҧ ƴǳƳōŜǊ ƻŦ ŎƻǊŜǎ 
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Synchronization is one of the biggest scalability bottlenecks 
Vasileios Trigonakis (EPFL) 



Synchronization 

ÅCannot always be avoided  

ïnot all applications embarrassingly parallel 

 

ÅSynchronization is just an overhead 

ïbut guarantees correctness 

 

ÅScalability of synchronization 

ïŘƻ ƴƻǘ Ҩ ǇŜǊŦƻǊƳŀƴŎŜ ŀǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ cores ҧ 
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Scalability of synchronization is key to application scalability 
Vasileios Trigonakis (EPFL) 



Synchronization is difficult 

ÅTons of work 
ïdesign of synchronization schemes ώL{/!ΩуфΣ ¢t5{ΩфлΣ !{t[h{ΩфмΣ 
¢h/{ΩфмΣ ttƻttΩлмΣ th5/ΩфрΣ L/ttΩлсΣ {t!!ΩмлΣ Lt5t{ΩммΣ ttƻttΩмнΣ !¢/ΩмнΣ Χϐ 

ïfix synchronization bottlenecks ώ{h{tΩуф, It/!ΩлтΣ h{5LΩффΣ h{5LΩлуΣ 
{h{tΩлфΣ !t[h{ΩлфΣ h{wΩлфΣ h{5LΩмлΣ Χϐ 

ÅScalability issues? 
ïhardware 

ïusage of specific atomic operations 

ïsynchronization algorithm 

ïapplication context 

ïworkload 
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Limited understanding of the behavior of synchronization 
Vasileios Trigonakis (EPFL) 



Take a step back 
and perform a thorough analysis of synchronization on modern hardware 

What is the main source of  

scalability problems in synchronization?  
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Scalability of synchronization is 
mainly a property of the hardware 

 

Answer 

Vasileios Trigonakis (EPFL) 



Key observations 

1. Crossing sockets is a killer 

 

 

2. Sharing within a socket is necessary but not sufficient 

 

 

3. Intra-socket uniformity matters 

 

 

 

4. Loads & stores can be as expensive as atomic operations 

5. Simple locks are powerful 

  Χ 
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Disclaimer J 

We do not claim 

ά.ŀŘ ǎȅƴŎƘǊƻƴƛȊŀǘƛƻƴέ in software  
will scale well due to hardware 

 

 

 
We claim 

άDƻƻŘ ǎȅƴŎƘǊƻƴƛȊŀǘƛƻƴέ in software 
 might not scale as expected due to hardware 
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Analysis method 

Hardware processors 
 

 

Multi -sockets 
ÅAMD Opteron (4x 6172 - 48 cores) 

ÅIntel Xeon (8x E7-8867L - 80 cores) 

 

 

Single-sockets 
ÅSun Niagara 2 (8 cores) 

ÅTilera TILE-Gx36 (36 cores) 

 

 

 

Synchronization layers 

systems / applications 
(e.g., hash table) 

software primitives 
(e.g., locks) 

atomic operations  
(e.g., CAS) 

cache coherence  
(load and store) 
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Outline 

1. Crossing sockets  

2. Sharing within a socket 

3. Intra-socket uniformity 

4. Atomic operations 

5. Simple locks 
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applications 

primitives 

atomic ops  

cache coherence  



Opteron 

ÅWithin socket: 40 ns 

ÅPer hop: +40 ns 

ÅUp to 3x more 

 

 

Xeon 

ÅWithin socket: 20 ς 40 ns 

ÅPer hop: +50 ns  

ÅUp to 8x more 
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Crossing sockets is a killer: up to 8x more expensive  

Distance on multi-sockets 
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