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Microarchitectures are becoming more and more complex
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Á Performance engineering: άŜƴŎƻƳǇŀǎǎŜǎ ǘƘŜ ǎŜǘ ƻŦ ǊƻƭŜǎΣ ǎƪƛƭƭǎΣ ŀŎǘƛǾƛǘƛŜǎΣ ǇǊŀŎǘƛŎŜǎΣ ǘƻƻƭǎΣ ŀƴŘ 
deliverables applied at every phase of the systems development life cycle which ensures that a solution 
will be designed, implemented, and operationally supported to meet the non-functional requirements for 
ǇŜǊŦƻǊƳŀƴŎŜ όǎǳŎƘ ŀǎ ǘƘǊƻǳƎƘǇǳǘΣ ƭŀǘŜƴŎȅΣ ƻǊ ƳŜƳƻǊȅ ǳǎŀƎŜύΦέ

Á Manuallyprofile codes and tune them to the given architecture

ÁRequires highly-skilled performance engineers

ÁNeed familiarity with

NUMA (topology, bandwidths etc.)

Caches (associativity, sizes etc.)

Microarchitecture (number of outstanding loads etc.)

How to optimize codes for these complex architectures?
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¢Ǌǳǎǘ ƳŜΣ LΩƳ ŀƴ 
engineer!
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An engineering example ςTacoma Narrows Bridge
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Scientific PerformanceEngineering

1) Observe
2) Model

3) Understand
4) Build
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KNL Architecture (memory: Flat & Cache)
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KNL Architecture (all to all mode)
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KNL Architecture (Quadrant or Hemisphere)
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KNL Architecture (SNC-4 or SNC-2)
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KNL Architecture

How much does this all matter? 

What is the real cost of accessing cache?

What is the cost of accessing memory?
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Step 1: Understand core-to-core transfers ςMESIF cache coherence

12

Write back overhead

Location: only 5-15% difference 

That is curious!

Contention effects?

!ƭƭ ǾŀƭǳŜǎ ŀǊŜ ƳŜŘƛŀƴǎ ǿƛǘƘƛƴ мл҈ ƻŦ ǘƘŜ фр҈ ƴƻƴǇŀǊŀƳŜǘǊƛŎ /LΣ ŎŦΦ ¢IΣ w.Υ ά{ŎƛŜƴǘƛŦƛŎ .ŜƴŎƘƳŀǊƪƛƴƎ ƻŦ tŀǊŀƭƭŜƭ /ƻƳǇǳǘƛƴƎ {ȅǎtemǎέΣ {/мс



spcl.inf.ethz.ch

@spcl_eth

Step 2: Understand core-to-memory transfers ςDRAM and MCDRAM

13!ƭƭ ǾŀƭǳŜǎ ŀǊŜ ƳŜŘƛŀƴǎ ǿƛǘƘƛƴ мл҈ ƻŦ ǘƘŜ фр҈ ƴƻƴǇŀǊŀƳŜǘǊƛŎ /LΣ ŎŦΦ ¢IΣ w.Υ ά{ŎƛŜƴǘƛŦƛŎ .ŜƴŎƘƳŀǊƪƛƴƎ ƻŦ tŀǊŀƭƭŜƭ /ƻƳǇǳǘƛƴƎ {ȅǎtemǎέΣ {/мс

MCDRAM 20% slower!

MCDRAM 4-6x faster!

Need to read andwrite for full bandwidth

Cache mode >20% slower

Bandwidth suffers a bit


