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Mobile Devices: Trends & Thermal Challenges
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- Chip and skin temperatures elevate to critical levels.
- On/off-chipthermal couplinggxieSid It &3 L/ /! 5Rmo@xp &N} 1 &K SiG | f &2

- Powerand formfactor restrictions limit coolingapabilities.

A Thermal throttling

A Unsustainable user experience over extended applicationuse

[T http:// www.arm.com/files/pdf/ATExploring the Design of the Cort&t5.pdf
1 http:// arstechnica.com/gadgets/2013/11/whemenchmarksarent-enoughcpuperformancein-the-nexus5s 2
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V We aim at providingustainable performancand proposdghermally-efficient
QoSmanagement
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V We demonstrate and analyze the performance impactsoltiple thermal
constraintsof modern mobile devices.

V We presentuntime techniquesfor improving thermal efficiency:
V Finegrained DVFS scheduling
V Criticalitydriven scheduling
V CPUGPU thermal coupling aware runtime

V We evaluate these technigues on mobile platforms
V with homogeneousandheterogeneousmulti-core CPUs,
V underCPUand skin temperatureconstraints,

and achieve up to 8x longer durations of extended sustainable performance.
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Experimental Setup & Methodology

Platforms: Applications:
- Nexus 5 and - A ScimarFFT, SOR);
Device Qualcomm MDP8974 Odroid-XU3 A SPEC (I:(PU 5 6)4)
e Qualcomm Samsung ’
SoC Snapdragon 800 Exynos 5422 A PAR_SE(bOdytraC@
CPU Krait 400 ARM A15 + A7 A Gaming(Edge of Tomorrow, Real
Cores 4 i+4 Racing);
CJPCUPFGeq. AQ{Q GH;U 2.1 C;Iilzl +T1;GHZ A WebGL(Aquarium, Pearl Boy, Rain);
N Adreno 3: Tali-T628& .
CDPU Freq. 150 MHz 543 MHz A \P/:g%) rg)_layer appfvix Player, Rock
A CPU & skin temperature control policies. Throttling
I 90°C and 4€C thermal limits, respectively. Mechanism ‘f |
A Policy implementations: CPU  [|fess| CPUFREQ
. : : Governor Driver
I cpufreqginterface for frequency scaling

I sched_setaffinityfor threadto-core mapping
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Thermal Constraints in Modern Smartphones

A CPU temperature induced throttling largelyAModern smartphones are also constrained
degradeQ0S by skin temperature levels (e.g.,843°C
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Userswill experiencesignificantperformancelosswhen the deviceis usedfor extended
durations(e.g., gaming,streaming etc.)
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Thermal Constraints in Modern Smartphones

A CPU vs. skin level thermal constraints.
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A Throttling CPU to lower skin temperature can leadsige waste in CPU
thermal headroom




Thermal Constraints in Modern Smartphones

A Platformlevel thermal management using
additional knobs (e.g., display).

A CPU can better utilize its headroom.
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(b) MX Player application

A Current scope of our work focuses on CPU level control knobs.

We propose QoScentric thermal managementto achieve sustainedperformance and
providenovelobservationdo improvethermal efficiency
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ProvidingQoSTemperature Tradeoff

Trading off short term performance for sustainable performance.

Traditional approach:

A Maximizing performance under thermal o ™

limits.

A Unsustainable performance if apps run 3

longer.
Our approach:

A Limitshortterm performanceio ad 2 dza (5
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A Extend sustainability of acceptal@®S
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Finegrained DVFS State Scheduling

Finegrained, thermallyefficient scheduling of discrete DVFS states.

Key ideaDivide high frequency interval into firgrained bins and distribute temporally
while achieving same average frequency.
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ExploitingHW/SWHeterogeneity for Thermakfficiency

|dentifying and leveraging pg¢hread criticality in scheduling.
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CPUGPU Thermal Coupling Aware Runtime Management

Identifying thermallyefficient cores based on CREPU thermal couplings.

CPUGPU thermal coupling déxynos [Sahiret
It ®s L//!5Qmc8

A Most thermallyefficient CPU cores

depend on GPU usage.

I Application dependent! Power (L), temperature (M) ar@oS(right)
[SahinSG |t & L/ /! 5Qm

A Offline characterization of thermal coupling vigcrobenchmarks
A Varying levels of GPU power Record the ordering of cores from the lowest to

highest maximum temperature.



