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Title: Power Management in Real-Time Embedded Systems

With the advancement of CMOS fabrication technology, multi-core chips are widely used
in real-time embedded systems due to their potential to achieve high performance with
low cost. As the size of CMOS transistors is continuously reduced, most of the cores and
electronic devices are integrated on a single chip. As the power density for an advanced
multi-core chip is rapidly increasing, power management should be considered as one of
the critical issues that adversely affects the chip cooling efficiency and chip reliability. To



this end, various power management methods have been proposed to minimize the
power consumption or to minimize the chip temperature by controlling the average power
consumption without violating the timing requirements. Therefore, power management of
a multi-core chip is an important issue in the design of real-time embedded systems. It
should be noted that most of the existing methods reduce the average power
consumption by reducing the total energy consumption or reducing the temperature of
the chip. However, little attention has been paid to the worst-case instantaneous behavior
of the power consumption in a chip (peak power consumption at the chip level).

The worst-case instantaneous behavior of the power consumption is an important design
criterion in determining the cost, chip size and power supply. The increasing integration
trend in multi-core chips will increase the digital logic and consequently increase the
power consumption of the entire chip. This increase in power is referred to as dark silicon
and means that in multi-core systems, a significant percentage of the available cores
cannot be active simultaneously due to temperature and power limitations. Typically,
manufacturers of multi-core chips provide a number called the thermal design power for
each chip. The TDP value is the maximum acceptable power consumption that the chip
can consume without using efficiency degradation mechanisms; Among these
mechanisms, we can mention the dynamic thermal management method. In embedded
systems, due to the limited energy resources and the negative effect of the active cooling
unit on reliability, there is usually no active cooling in many cases and a passive cooling
is used, which significantly reduces TDP.

An important category of distributed embedded systems are systems that are used in
applications with hard real-time constraints. Hard real-time embedded systems are
usually used in applications that are directly related to human life, the environment, or the
economy and security of countries. Among these applications, we can mention medical,
aerospace, communication and military equipment systems. Therefore, any malfunction
in these systems can lead to heavy and irreparable damage to life, money and the
environment. Therefore, these systems must have very high reliability, which is achieved
through fault tolerance. Hard real-time embedded systems with fault tolerance are
designed and built to have three characteristics: 1) the work assigned to these systems
is performed correctly and with complete accuracy, 2) the time constraints are met so that
the hard real-time deadline is not violated, and 3) the TDP limit of the chip is respected;
because violating any of the above may cause these systems to experience reliability
degradation. In this type of system, fault tolerance is achieved through task repetition
based on hardware and software redundancy. On the other hand, methods based on task
repetition impose a very significant power consumption overhead on the system.

Hardware redundancy and time redundancy are usually used for fault tolerance in hard
real-time embedded systems. Time redundancy uses idle time to recover from faults,
which has less hardware overhead than hardware redundancy. This redundancy is only
useful when there is enough time to rerun the failed tasks. On the other hand, with
hardware redundancy, multiple instances of a task are usually executed simultaneously
or overlapped during task execution. Therefore, power management is one of the
important challenges in fault-tolerant embedded systems.



