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❑ Main features:

• periodical input data stream;

• parallel and asynchronous real-time (RT) 

computations;

• fixed list of tasks to be solved;

• high dimensionality;

• multiple causes of faults:

(hardware and/or software failures, ...).
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Power Model. Example. (Background)
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Distributed Diagnostics Model (Background)
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Problem statement
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Object: The system includes a set of identical cores interacting via shared

memory. It is assumed that for each core, you can set the value of its clock

frequency and voltage.

Algorithm 1. Determination of the energy-efficient architecture
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dnM =

Initial architecture:

Energy-efficient architecture:
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Analysis of the algorithm for determining energy-efficient architecture
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Example.
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Example. Results.
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The resulting system contains seven cores and is characterized by the following vector of average 

computing loads for the stages ത𝑃 = (2.1 2 1). Let us estimate approximately the reduction in

power consumption obtained. As an estimate of the power consumed by the original system (in

conventional units):

𝑃0 =

𝑗

ത𝑃Σ,𝑗 = 40

In this case, for the transformed system, the equation takes the form:

𝑃 =

𝑗

ത𝑃Σ,𝑗

(𝑘𝑗)
2 = 12.3

where 𝑘𝑗 is the frequency reduction coefficient (supply voltage).

Then, the power reduction is given as:
𝑷𝟎

𝑷
= 𝟑.𝟐𝟓

Design of a decentralized energy-efficient fault-tolerant multicore system on a chip
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1. Introduction of redundancy: splitting a core.

2. Finding a failed core : distributed diagnostics (PMC-model).

3. Failure detection decision-making: decentralized procedure.

4. Failure recovery: core fusion.
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Sufficient conditions for t-diagnosability (localization of t failed cores)
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PMC-model:

1. system of 𝑛 cores are valid: 𝑛 ≥ 2𝑡 + 1;
2. there are no two cores testing each other;

3. each core is tested by at least by 𝑡 cores.

There are two most common approaches:

1. Case of 𝒕 = 𝟏. It assumes the allocation of the Hamiltonian cycle in the graph of links of 

the system (the cycle passing through all the nodes (cores) of the system; in so doing, each 

vertex is passed no more than once). Further, each core tests only one core of the system,

namely, the one following it in the Hamiltonian cycle. Clearly, this diagnostic experiment 

satisfies the above sufficient conditions. 

2. Case of 𝒕 > 𝟏. The Hamiltonian cycle is not allocated, and each core tests all of its 

immediate neighbors. It is obvious that the number of tests depends on the number of 

neighbors, i.e., communication geometry implemented in the communication system.

Example
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Consider the experiment that uses a Hamiltonian cycle in a three-core system:

Table shows the syndromes of tests. The table rows are matched with core failures, and the

columns, with checks. «0» means a positive result of the test, «1» - a negative result, «x» - an 

undefined result. It can be seen that in any variant of its definition, the rows of the table will not 

coincide, and, therefore, the failures will be distinguishable.

Let us analyze the requirements for a communication system. The shared memory of the communication system

is divided into areas that correspond to informational links of specific core pairs. It is clear that, on the one hand,

the number of such links should be reduced in order to reduce the area of the chip occupied by the common

memory. However, on the other hand, the number and geometry of these links affect the effectiveness of the

diagnostic experiment.

Characteristics of communication system
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The applied communication system must not only admit of the organization of the accepted 

diagnostic experiment in the system, but in addition, it should not make it too long, remaining 

within the prescribed limitations on the chip area. To design a communication system, it is 

necessary to know the values of its relevant characteristics.

Simulation in the YACSIM environment was carried with the aim 

to obtain such characteristics. 

Three types of communication systems were studied:
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The aim of the simulation was to determine the duration of the diagnostic experiment, including 

mutual intercore tests and accumulation of all the results in each core. The simulation was carried out 

under the assumption that the experiment is carried out with testing of neighboring cores, wherein the 

time needed for one core to test another one was taken to be 2.1 conventional units, and the time of 

diagnostic information transmission from the core input to its output, 1.4 conventional units.
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Design a communication system

Alexander Gruzlikov 4 october 2019

The diagnostic experiment has shown that the torus-type configuration is 

the most effective communication system from the standpoint of decision-

making.

Conclusions

An approach to designing a decentralized fault-tolerant and energy-efficient

system on a multicore chip has been proposed. The approach consists in

determination of an energy-efficient architecture, which is made possible due

to the introduction of additional cores into the system, resulting in a decrease

in the clock frequency and supply voltage, and the development of

procedures for the system diagnosis and reconfiguration.
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Thank you for your attention!
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