1. NoCs: What’s the point?

What is the role of networks-on-chip in future
many-core systems?

What topologies are most promising for
performance?

What about for energy scaling?

How heavily utilized are NoCs in practical

applications, and how does that affect your
answers?



On-Die Communication Power

80 Core TFLOP Chip (2006)
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Bus—The Other Extreme...

Issues:
Slow, < 300MHz
Shared, limited scalability?

Solutions:

Repeaters to increase freq
Wide busses for bandwidth
Multiple busses for scalability

Benefits:
Power?
Simpler cache coherency

(Move away from frequency, embrace parallelism
3



Mesh—Retrospective

Bus: Good at board level, does not extend well

* Transmission line issues: loss and signal integrity, limited frequency
* Width is limited by pins and board area

* Broadcast, simple to implement

Point to point busses: fast signaling over longer distance
* Board level, between boards, and racks

* High frequency, narrow links

* 1D Ring, 2D Mesh and Torus to reduce latency

* Higher complexity and latency in each node

Hence, emergence of packet switched network

But, pt-to-pt packet switched network on a chip?



Interconnect Delay & Energy.
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A Circult Switched Network
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= High bandwidth and energy efficiency (1.6 to 0.6 pJ/bit)

Anders et al, A 4.1Tb/s Bisection-Bandwidth 560Gb/s/W Streaming Circuit-Switched 8 x8 Mesh Network-on-Chip in 45nm CMOS, ISSCC 2008




Hierarchical & Heterogeneous...

Bus to connect over
short distances

CttiarershyhizfaBussest
and packet switched
networks



...and Tapered BW
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2. Low-hanging Fruit

Asking for both on-chip and chip-to-chip wires,
separately: Is there a physical (circuit or logic)
technology that, for relatively low investment or
cost, can return large dividends in energy and/or
performance? Where should we be looking to
improve interconnects?

Answer:
I do not see one today



3. Bend, but don’t break

Is there a role for interconnect in overall system
resilience?

Must interconnects change to maintain or enable
large-scale resilience, and if so, how?
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Resiliency

Faults Example Faults cause errors (data & control)

Permanent faults | Stuck-at 0 & 1 Datapath errors Detected by parity/ECC

Gradual faults Variability Silent data corruption | Need HW hooks
Temperature Control errors Control lost (Blue screen)

Intermittent faults | Soft errors

\oltage droops

Aging faults

Degradation

Minimal overhead for resiliency

Error detection
Fault isolation
Fault confinement
Reconfiguration
Recovery & Adapt

Interconnect plays peripheral role in resiliency 11



4, Packaging

For chip-to-chip interconnects (or even for on-chip
wires), what is the enabling or supporting role
played by packaging/packages, and where do we
need to make the most direct research
investment?

Answer:
1. Research investment in 3D design tools and

automation
(Not in 3D processing and packaging technology)

2. Low cost, low loss, materials, cables...etc.

12
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3D Memory Architecture
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Other Potential Applications

Network on a chip IO Hub
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5. Worries

What, if anything, keeps you up at night
regarding interconnect scalability?

Is cost (NRE, complexity, design time) a factor?
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