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Motivation
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" The Power/Utilization Wall
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Utilization Wall: The percentage of a chip that can
switch at full frequency drops exponentially due to
power constraints.
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" The Dark Silicon Era

Dark Silicon:
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S Near Threshold Computing e

o Vdd aggressively tuned close to the Vth value of
the transistors

o Lower frequency but larger number of cores
available - -

Total

o Promising energy savings = | <7 ognami
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parallelization S L
0 0.2 04 0.6 038
Pinckney et al., DAC ’ 12 vead (V)

DIPARTIMENTO DI ELETTRONICA, INFORMAZIONE E BIOINGEGNERIA | POLITECNICO DI MILANO



Problem Specification
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W Performance Degradation @ NTC 3

o Limited maximum achievable clock frequency

0 Vdd-Vth difference reduction imposes a significant
performance degradation

o Open Issue: How to sustain performance when
exploiting higher task parallelism at lower clock
frequencies under process variability ?



S The Variability Problem
Variability:
the deviation of

device parameters
(Vth, eff. channel Die 1

FAST
length, etc.) from
their nominal values
Die 2
Die-to-Die (D2D)/
Variability
Die 3
SLOW

Dighe et al., JSSC’ 11

t

Within-die Variability
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B Variability @ NTC
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Proposed Solution/
Framework
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" Target Architecture

Manycore Architecture Tile Architecture
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Abstract view of tile based many-core architecture
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W Voltage Island Formation

o SFMV(Single Frequency Multiple Voltages) Approach:

. One chip-wide frequency but many voltage domains
(Voltage Islands)

o Each VI can include a certain number of cores and the
Vdd can be tuned in a custom way

o Adjust Vdd according to the underlying variability in order
to reach the desired frequency that sustains the
application performance



" Proposed Framework (1)
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" Proposed Framework (1)

m
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Experimental Setup
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I Experimental Setup

Parameters Value
Process Technology 22nm
STC Frequency 3.2GHz
STC Supply Voltage 1.05V
Nominal V3, /ov,, 0.23V/0.025
Core Area 6mm?2
Private Cache Size/Area 320KB/4.14mm?

Last Level Cache S; Size — Area (2 x i) MB / (3.88 x i)mm?

Splash-2 Benchmark Suite, run in Sniper sim Sa%elr

radiosity barnes raytrace

water-nsq water-sp

+ an average case workload
Variability maps: VARIUS-NTV Karpuzcu et al., DSN’ 12
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S Architecture and Floorplan

A. Tile based many-core
architecture
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B. Floorplan: 128 cores,
22nm technology
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Experimental Results
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" Power Reduction @ NTC
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16-core STC versus 128-core NTC



Power Gain of Variability-aware
- technique w.r.t Overdesign
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Single VI: ~ 5% Finest VI:
S1: 34-42% S4: 25-28%
S2: 29-34% S8: 18-23%
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Impact of Voltage Island Granularity
on Power Consumption
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(f) average

the finer the granularity of the voltage island the higher the power savings.
S1: 30-35% S4: 19-24%
S2: 24-30% S8: 14-18%

SingleVI=>Finest VI
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- Impact of Voltage Island Granularity

Power [W]

on Power Consumption

1.0 ] ] ] ] | ] ] ]
8x1lo 4x16 4x8 4x4 2x8 2x4 1x4 2x2 1x2 1x1
Voltage Island Granularity
the finer the granularity of the voltage island the higher the power savings.
. . S1:35%  S4:21%
SingleVI=finest VI

S2: 28% S8: 16%
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Impact of Voltage Regulator Resolution
on power efficiency at NTC
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Voltage Regulator Resolution

o Power overhead: the normalized difference between the power consumed in the
ideal case and the power with the specific value of voltage precision

o The higher is the resolution the smaller is the overhead

o Even the 12% can be tolerable for applications that exhibit ideal or good scaling
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Conclusion
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W Conclusions

o A variability-aware framework for exploring the power-efficiency
of Near-Threshold Computing

o Voltage island formation combined with the operation at the near-
threshold regime proposed as an effective technique for building

power efficient many-core architectures while sustaining super
threshold performance

o Promising results shown, depending on both workload
characteristics and the underlying architectural organization

o ~ 65% average power gain
o ~ 15-35% extra savings for finest VI granularity
n ~ 2.5 -12% power degradation due to VR quantization



Thank Youl!!

Questions???
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- Backup Slides
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- Vdd Distribution at NT regime
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o Narrow Vdd distribution

o No need of allocating multiple levels of supply voltage
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S The DIBL Effect -

[W]

Power

70 I ,
60 = DynPower K X XX 7]
50 | LeakPower X.QXCONd =
40 .
RY XXV XY XY X
30 F RS =
(S 025
20 |- AR EAR SN —
GIOEIREREGRN exmm oo p
0
16 128 (w/oDIBL) 128 (w/DIBL)
Cores [#]
Ve—Vs—Vro—vVs+nVps —VbDs
Isub = I()e Vi (1 — e Vin )
Vth = thermal voltage
n = subthreshold swing coefficient
Y = linearized body effect coefficient,

n = DIBL coefficient
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