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Abstract Power consumption issue of real-time system has been paid much attention to by both
academia and industry due to its constraints on energy, peak temperature and deadline of real-time
task. Up to now, there have been many related researches. Temperature-unaware traditional
researches usually adopt DVS to scale processor states for optimal power management. However,
with the increasing power density of processors due to the continuous shrinking of chip size, the
mutual effect between temperature and power has become unignorably. As a consequence, many new
temperature-aware optimization approaches have derived based on the traditional methods. This paper
firstly makes an overview of the three models (task, thermal and power) this research bases on;
secondly, this paper divides existing researches into two categories: temperature-unaware traditional
researches and temperature-aware optimization researches, and the latter one is further divided as
single task optimization and multi-task scheduling; thirdly, this paper makes a comparison of the
researches from mechanism, optimization goal and effect, and scheduling time etc. , analyzing their

advantages and disadvantages; finally, this paper points out the future research directions.
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Temperature Independent Research

Temperature Aware Research

i Single Task Optimization

H Multi-Task Scheduling

Goal:
@ Performance Goal: Goal:
@ Energy Consumption @ Peak Temperature @ Performance )
® Energy Consumption ® Energy Consumption
@ Energy Efficiency

Approach: DVS

Approach : PSS
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11| Approach : Temperature aware |

EE Task-to-Core mapping with

. CS-DVS & VP- il o Lo
Naive DVS CS-DVS-P TALK | PB MO TALK | single task optimization
Fig. 1 Optimization research on thermal and power management for real-time systems.
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Fig. 7 Task allocation in a system with 3X3 layout.
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Table 1 Optimization Approaches Comparison of Thermal and Power Management for Real-time Systems
®1 IHEFEENEREEMUFEILE
Temperature Fixed
! Category Approach Mechanism Goal Pros & Cons Timing
Research Voltage
. Set voltage to be the possible maximum Highest performance with .
Naive Performance . . . Y Offline
Ignore value. highest energy consumption.
Temperature
perat P Set voltage to be the possible minimum Energy  Lower energy consumption .
Independent DVS . . . Y Offline
value. Consumption with lower performance.
Research
Consider CS-DVS & Ener,
- Set voltage to be the critical value. . gyA Lowest energy consumption Y Offline
P CS-DVS-P Consumption
TALK: Decide the state (active Minimize peak temperature
or sleep) of the processor b Ener and energy consumption
TALK P P oo & | cnergy consumption Y Online
comparing current workload Consumption while resulting in possible
with temperature. deadline misses.
. . Further reduce ener;
PB.: Simplify the P, model., b . " &y .
. consumption compared with
and explore the optimal n and Energy . .
PB o . . TALK, while energy Y Online
PSS. the best work-sleep oscillating Consumption . ;
consumption model is only
Equally mode.
) o for the steady state.
Single divide
Tas ; MO: Simplify the Py, model,
Task period Py Alkg Further reduce energy
Optimization into n and explore the optimal n and Energy . . .
MO . L. . . consumption on the basis Y Online
segments. the best high-low oscillating Consumption {PB
o .
then speed mode.
VP-TALK : Predict the workload
. Further reduce energy
to decide the voltage and . .
Temperature ) . consumption compared with
optimal n, select the best one Energy . .
Aware VP-TALK . . the above 3 methods N Online
among the 4 methods, and Consumption
Research . through workload
improve DPTM through the dicti
rediction.
feedback from machine learning. P
(@ Divide tasks into Hot and Cold by
Execution comparing Ty with Ty.xs then find the Performance/ Minimize the delay of task N Onli
1 nline
Plan execution plan according to the specific ~ Throughput and increase the throughput.
scenarios.
@ Dynamically decide the voltages of
. cores, and allocate tasks to cores .
Multi-task . . o Energy  Reduce energy consumption .
. according to the following principle: . . . Y Online
Scheduling . . Consumption from different aspects.
DVFES &.  allocate hot tasks to cores with little
Task-to-Core temperature effect on the other ones.
Mapping  (3) Analyze the system’s energy efficiency
features and schedule it with different Energy  Improve EE from different v Onli
. .. nline
granularities in regard to: fan-speed, Efficiency levels and granularities.

Task-to-Core and DVFS,
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