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Energy Efficient Computing: Overall processor Power
Transition to Multlcore
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What is Next?
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Trends in “The Cloud”

Rapid Cloud Growth: Reduces the hassle for users and providers.
User needs only a browser: No worry about software installation, patches etc
HW & Service Providers: Focus on Total Cost of Ownership
SW Providers: Apps in controlled env and no shrink warp worries
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Big & Small cores Research

Recent measurements (SPECcpu and Bio workloads)
Comparison of Atom to Core 2 Duo
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Observations: Varying perf difference (1.03x — 2.63x) across applications
Shows the use case for heterogeneity
Knowledge of performance/power difference can help in scheduling
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Hetero Core Solution Space

e Multiple compute elements that are tightly coupled
- Big core, Atom, Smaller Cores and Hardware accelerators
- Sharing cache coherency and common memory
- Can be managed by a single OS or User level or Other means

e Power is key
- Objective is to minimize energy per task
- ldeally, each task is performed in most efficient compute element

- Using a smaller core reduces power by an order of magnitude. Performance/Power
improves.
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With all big cores, scalability is a problem because of power wall
With all small cores, it single thread performance that suffers . )
. . . te ),
With heterogeneous (big + small), we can strike a power/performance balance
2 continue to scale
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Heterogeneous Architecture Design Space

 Performance asymmetry

- Cores have different performance and power
- E.g., asymmetric cache sizes, clock speeds, uarch

- Apps can run anywhere, but get different performance

 Functional asymmetry
- Cores have different ISAs
- Difference can be in many dimensions

- Instructions, registers, data types, addressing modes, memory
architecture, exception handling, I/0

- (Can have various degrees of difference

Same ISA Overlapping ISAs Disjoint ISAs
—

Degree of functional asymmetry

(intel'



Heterogeneous Architecture Space

Hetero OS

Traditional SMP OS

Driver Model
(e.g. OpenCL)

same ISA, same

uArch platform
resource differences Heterogeneous
(NUCA/NUMA) prl)gesn()ce”’
diff ISA,diff uArch
Homogeneous
cores same ISA, Afferent speeds
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HeteroOS Research work @ Intel

Cost effective solution
for ST and MT

Various scheduling

options examined and III III I| I‘
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Many Core and Multi-Core

Many Integrated Cores at 1-1.2 GHz Multi-core Intel Xeon at 2.26-3.5 GHz
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In Intel® MIC, each core is smaller and lower power, has lower single thread
performance, but higher aggregate performance

Many core relies on a to compensate for the lower speed of
each individual core

Relatively few specialized applications today are highly parallel, but those applications
will benefit from Intel® MIC
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Generalized Forms

Fixed Function
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Fixed Function
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Fixed Function
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Fixed Function
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Fixed Function
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cohehetienace
domains

» domains

coherence domains

coherence coherence coherence
domains domains domains
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SW challenges

Should be tolerant of coherence domains

Scheduling policies
Hierarchical?
OS centered?
User level orchestrated?

Heterogeneous friendly
Big core / Little core
Fixed function
Migratory (similar)
Absence / Presence (dissimilar)

Let us turn this into our opportunity & Innovate
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HW Challenges

- Along with existing cores - need continuity
- Cores communicating in a fault tolerant fashion
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Network On Chip communication

Multiple Clock domains & Voltage islands

SOC and 3D chip/platform will be the norm
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How Not To Do Hetero CMP

Future Workload »

~L gt s | ‘
: 5 .Y

b Y

GPU, Accel

Let us get this mix right

More Discussion and state of current work on Friday
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