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How are HP computers architected?

• Independent of the target compute domain, 
the architectural paradigms are similar

– Convergence between traditional HPC systems 
and high-performance embedded systems

• We have already stressed a few keywords

– Architectural Heterogeneity

– Massive Parallelism
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Vocabulary in the multi-era

⚫ AMP (Asymmetric MP)

 Each processor has local memory

 Tasks statically allocated to one processor

⚫ SMP (Symmetric MP)

 Processors share memory

 Tasks dynamically scheduled to any processor
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Vocabulary in the multi-era

⚫ Heterogeneous:

 Specialization among processors

 Often different instruction sets

 Usually AMP design

⚫ Homogeneous:

 All processors have the same instruction set

 Processors can run any task

 Usually SMP design
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Modern HP systems

Locally homogeneous

Globally heterogeneous
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But how did we get there?
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Multicore “Revolution”



Universität Dortmund

Why Multicores?
The SPECint performance of the hottest chip grew by 52% per year from 1986 to 

2002, and then grew only 20% in the next three years (about 6% per year). 

Diminishing returns from 

uniprocessor designs

[from Patterson & Hennessy]
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Moore’s Law

• The number of transistors in an integrated
circuit (IC) doubles every two years
– Until the early 2000’s this meant an ever-increasing

number of smaller transistors for each new processor 
generration
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Roadmap for CPU Clock Speed: Circa 2005

Here is the result of the best thought in 2005. By 2015, the clock speed

of the top “hot chip” would be in the 20 – 25 GHz range.

[from Patterson & Hennessy]
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The CPU Clock Speed Roadmap 
(A Few Revisions Later)

This reflects the practical experience gained with dense chips that were literally

“hot”; they radiated considerable thermal power and were difficult to cool.

Law of Physics: All electrical power consumed is eventually radiated as heat.

[from Patterson & Hennessy]
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It’s all about physics

• Smaller transistors→ faster processor

• Faster processor → higher energy 
consumption

• Higher energy consumption→more heat

• More heat→ unreliable processor

FrequencyVoltageload CapacitivePower 2 =
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Power Wall
• The design goal for the late 

1990’s and early 2000’s was to 

drive the clock rate up. 

• by adding more 

transistors to a smaller 

chip.

[from Patterson & Hennessy]

• Unfortunately, this increased 

the power dissipation of the 

CPU chip beyond the 

capacity of inexpensive 

cooling techniques
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..and a few more ‘‘walls’’

• The memory wall: access to data is a limiting factor.

• The ILP wall: all the
existing
instruction-level
parallelism (ILP) is
already being used.

• Conclusion:
– Explicit parallel mechanisms and explicit parallel programming 

are required for performance scaling



Universität Dortmund

The Multicore Approach

Multiple cores on the same chip
– Simpler

– Slower

– Less power demanding
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Multi-Core & Power
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mArchitecture Techniques
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Transition to Multicore

Sequential App 
Performance

Intel Xeon

(18cores)
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And how about system 

heterogeneity?
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Dark silicon
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Dark silicon
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Dark silicon
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Dark silicon
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Dark silicon
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Dark silicon
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Dark silicon
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Dark silicon



Universität Dortmund

Dark silicon
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Dark silicon
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Dark silicon
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Dark silicon
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Dark silicon



Universität Dortmund

Dark silicon
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Dark silicon
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Dark silicon
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Dark silicon
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Dark silicon
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Dark silicon

Spatial Dimming
• Gen1&2 multicores (higher core 

counts → lower freqs)

• Near-threshold voltage operation

Temporal Dimming

Thermally limited systems
• ARM Big-little (A15 power usage way above

sustainable for phone → 10sec burst at most)

• Battery-limited systems

• Quad-core mobile application processor
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Dark silicon

Specialization is the goal behind architectural heterogeneity
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Dark silicon


