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Dark Silicon has come......
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Utilization wall:

W System scaling theory

¥ Experimental result

¥ What we observed everyday
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Introduction 1

Utilization wall:

W System scaling theory

Dark silicon trends for different

¥ What we observed everyday
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Introduction 1

Utilization wall:

With each successive process generation, the percentage of a chip
that can actively switch drops exponentially due to power constraints.

W System scaling theory

¥ Experimental result

¥ What we observed everyday

* Battery limited system
* Increasing power density

* Chip hotspot




What 1s dark silicon ?

avold overheating

cannot be powered-on all at the nominal operating voltage for a given
TDP constraint

fraction of cores should be ‘Dark’ or ‘Dim’



How to deal with dark silicon?

Leverage dark silicon to fight the utilization wall

When & Which
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Motivation

8*8 Alpha 21264 core array
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Motivation 2
2.0-

-a- Normalized Performance
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Contradictions appeared:
-- Pattern 1, 2, 3 have better performance than 4

-- Pattern 4 is the best dark silicon g """ “hanearly worst performance
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Physical and Logical View

Goals:

¥ Physical arrangement on the chip
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¥ Logical Interconnection
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Physical and Logical View

Goals:

¥ Physical arrangement on the chip
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Physical and Logical View
Goals:

5504 [—— Mesh
—— Unfolded Torus
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FoToNoC : collaboration on clustered Folded 7orus-like NoC




Hierarchical Organization of FoToNoC

Logical Interconnection Transformation

9D 14
s i C S
i s ot

56
| &

— 1 -- Stretching
AT T

j" -- Conversion
O

(1, 2), (9, 10), (7.8)...,(63,64), (57, 58)
—(1,9), (3, 11), (2,10)...,(54,62), (56,64)

S
s

e

&)

©
‘@1'
@l
(37
&

P
£

e

oy
(S
@
3
£
V‘
?A
&)

()
i
it
‘?4
!
BN
B
AN
5

RO ©
e ©
=]

S
e
)
B

-- Little (L): Low energy consumption
-- Big (b): High performance

 [Cluster type [[Freq (GH z) [Cache level [ Power (W) [Area (mm?)
L 3.0 L2 3715 0816
My 3.5 L2 6.544 1.046
Mo 4.0 L2 19.691 1.086
b 4.5 L2 28.808 1.178

‘Technology node: Alpha 21264 cores in 22-nm technology.
Power: Per-core power from McPAT [4].




Hierarchical Organization of FoToNoC

Physical-logical View 0
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Cluster Management Strategy
Main CMS:

22, return (FALSE, -1, -1,-1)%
23, end if
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Performance Evaluation 6

VS.1 Application Performance:
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Application performance: 39.44% higher



Performance Evaluation

VS.2 Thermal distribution:

| Thermal states on Mesh

Thermal states on folded torus




Performance Evaluation

VS.3 System Energy Consumption:

Task For Free Realistic H.264
Applications Benchmark Applications
Hate_in NCMS CMS E_Impu Hate_in NCMS CM5 E_Impu
(apps/s) Hyco Ene/Jd fie Eo/d (%) (apps/s) Ayve  Enc/J RHo  bBo/J (%)
0.0017 0.00% 1708572 [0.00% 1084415 30720 00Ot/ 13.33% 62740 JU00% 3524047 36.65%
0.0020 0.00% 25361.99 [0.00% 11893.03 | 53.11% (0.0020 6.67% 3040513 |0.00% 35677.66 | 20.22%
0.0025 0.00% 2031520 | 0.00% 12337.59 | 30.26% (0.0025 13.33%  48461.13 |6.67% 30517.30 | 37.03%
0.0031 3.88% 2352744 | 0.00% 124824 46.95% 0.0031 26067% 4530341 (13.33% 3842393 | 15.19%
0.0036 3.88% 2287637 |0.00% 17523.37 | 23.40% 0.0036 20.00%  53926.83 |13.33% 48683.68 0.72%
0.0040 11.76%  24390.85 |0.00% 09626.71 60.53% 0.0040 20.00%  39837.72 |13.33% 3045475 | 23.55%
0.0045 11.76% 10487.82 | 5.88% 16675.62 | 14.43% 0.0045 33.33%  49068.54 |0.00% 1902254 | 61.23%
0.0050 11.76% 2211787 | 5.88% 1574338 | 28.82% 0.0050 33.33% 2149772 (13.33% 13117.73 | 38.98%
0.0056 23.53%  21357.8%8 |5.88% 1412043 | 33.84% (0.0056 26.67% 4530341 |0.00% 20721.64 | 34.30%
0.0059 3.880% 2629728 | 5.88% 10278.83 | 60.91% 0.0059 4000% 4044512 |(0.00% 30607.98 | 24.32%
0.0077 23.53% 18347.37 |588% 1464548 | 20.18% 0.0077 4000%  40445.12  |(0.00% 25209.63 | 37.67%
0.0100 33.20% 2113416 (23.53% 14653.93 | 30.66% 0.0100 53.33%  35586.83 |6.67% 20839.35 | 41.38%
0.0125 35.29%  22030.42 (2041% T7054.49 69.24% 0.0125 60.00%  18340.00 |20.00% 12417.68 | 32.20%
0.0200 47.06%  20199.93 |23.53% 0867.29 3L 15% 0.0200 60.00%  25262.84 |60.00% 19610.16 | 22.38%
0.0250 52.94% 14456.66 |41.18% T805.71 45.38% 0.0250 60.00%  26963.41 33.33% 1220021 | 54.42%
0.0500 70.59% 12052.38  47.06% 3460.49 29.80% 0.0500 66.67% 2210512  |60.00% 1137027 | 48.56%
0.1000 70.59% 14001.3  |52.94% 875158 | ~3J=00— (0.1000 73.33%  22105.12  |60.00% 10369.75 |m33.0080-
Average energy consumption reduction  42.02% Average energy consumpiion reduction 1 30.29%

System energy consumption: 45.02%, 35.29% lower
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* Fast increasing number of transistors
* Slow voltage/capacitance scaling
* Limited physical device cooling technology and heat dissipation ability

* Thermal management problem with long-distance communication

e Communication overhead reduction

* Application performance improvement
* System energy consumption reduction

* Chip temperature reduction

* Safe temperature reliability enhancing

* Trade-offs by Physical- Logical Isolation



Conclusion

* Physical- Logical isolation in the dark silicon era:

-- Isolate and addressed the mixed design concerns of hierarchical H/'W co-design

* FoToNoC architecture organization

-- Keep safe regarding temperature reliability via distributed core activation

-- Reduce communication overhead through “dark silicon-friendly” architecture

* Efficient clustered management strategies

-- Maximize the benefits of FoToNoC in the dark silicon era
-- Manage heterogeneous cores in clusters with DVFS

--Optimized chip temperature, application performance , system power consumption.



Conclusion

I » Future Work ‘

* Long-range links:
-- Communication delay analysis

-- Power consumption for on-chip communication

* Heterogeneous cores arrangement
-- Inter-cluster Heterogeneity instead of homogeneity
-- Number of the types of processing cores
-- Fine-grained run-time Voltage/Frequency scaling

-- Run-time task migration within/among clusters
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