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Microarchitectures are becoming more and more complex
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Á Performance engineering: άencompasses the set of roles, skills, activities, practices, tools, and 
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 
performance (such as throughput, latency, or memory usage).έ

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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Trust me, IΩm an 
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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Scientific PerformanceEngineering

1) Observe
2) Model

3) Understand
4) Build
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Å PCIemodel
Å Used for 

multi-GPU
system

Compute Node Model

Martinassoet al., SCΩ16

Å Automatic application modeling
for optimization and co-design

Application Model

f (p) = ck ×pik ×log2

jk (p)
k=1

n

å

Calotoiuet al., SCΩ14

Å Close-to-optimal
network topology
design

Network Model

Bestaet al., SCΩ14

Å Detailed memory
architecture 
models for 
development 

CPU Model

Ramos et al., IPDPSΩ17
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Modeling by example: KNL Architecture (mesh)
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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
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Write back overhead

Location: only 5-15% difference 

That is curious!

Contention effects?

All values are medians within 10% of the 95% nonparametric CI, cf. TH, RB: άScientific Benchmarking of Parallel Computing Systemsέ, SC16


