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Abstract— In this paper a new approach for solving the problem 

of the optimization of the power dissipation under test sequence 

application is proposed. This approach is based on the 

redundancy of test sequences and consists of the steps: redundant 

test generation, evaluating power dissipation for generated test 

sequences and construction subset of sequences with optimal 

parameters. The last stage is the task of the combinatorial 

optimization and its solution is based on the simulating annealing 

algorithm. Also we give the results of the computer experiments 

on the ISCAS-89 benchmark circuits that shows the effectiveness 

of the propose approach. 
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I.  INTRODUCTION

The requirements of the electronic market push 

manufacturers to produce products with minimal consumption 

of electric energy, which corresponds to the current trend 

towards reducing the consumption of all forms of energy by 

humanity. 

Digital technology is well known [1], is that peak 

consumption occurs during the start of the test, because right 

now we involve the largest (maximum) part of the logic 

device (circuit). In addition to the entire test and its heat 

dissipation parameter, one of the most commonly used 

indicators in assessing the quality of diagnostic input 

sequences is presented. 

To solve the problem of constructing a test with minimal 

heat dissipation, several approaches have been proposed. 

Among them, the famous adaptation algorithms in which were 

introduced additional restrictions. For example, in [2] was 

introduced a test generator based on the algorithm PODEM 

wherein assigning values for undefined lines occurs so as to 

minimize the number of events (activities). In [3] the same 

objectives are achieved at the expense of the order of input 

vectors in a pre-built test. 

Recently, to solve many technical diagnostics problems 

generally we adopt non-deterministic methods such as genetic 

algorithms [4-5]. This is due to the inadequacies of the 

classical methods based on the transformation of a Boolean 

representation of the scheme [6], or on the construction of a 

decision tree [7] in which memory overflows occur, which 

makes them practically inapplicable to the actual size of 

today's digital devices. 

Recently, the authors have actively started studying a new 

strategy optimization "SA annealing simulation." However, 

from the domain of metallurgy [8], retaining its initial 

characteristics, it was developed as an optimization approach 

in [9]. The strategy itself appears conceptually more 

transparent and easier to implement in comparison with 

genetic algorithms. This is due to the fact that it represents an 

evolution (improvement of the properties for the realization of 

the complete solution) which potentially occurs for the 

individually chosen solutions. This allows the algorithm to 

break free from cumbersome procedures for handling 

construction of the population. For the approval (validation) of 

the optimized properties of this strategy, the authors have 

already built on its basis a single-level algorithm for the 

generation of initialization sequences [10] and have 

demonstrated its effectiveness. 

In this paper, we propose a 3-step approach for the 

construction of tests with minimal thermal dissipation based 

on the concept of test redundancy (excessive test). Its 

peculiarity is that the algorithm, to choose the optimal set of 

sequences in the third phase uses the new strategy of 

annealing simulation. 

This paper is organized as follows. In the introduction we 

have shown the relevance of the other works (contributions) 

and our relationship with them in this sense. In the first section 
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we describe the formal declaration of proposed problem and 

the steps of resolution. The second part will be devoted to the 

description of the simulation annealing algorithm choosing 

optimal subsets of the input sequences. In the third section we 

present the results of experiments with the implementation of 

the algorithm. At the end, some conclusions are drawn and 

highlighted the prospects and possible future research. 

II. THE GENERAL APPROACH FOR SOLVING THE PROBLEM

The model chosen in our work uses synchronous 

sequential circuits with a minimal delay of the propagation of 

the defects and of the physical implementation 

(implementation) using CMOS technology . 

The goal of the work is to develop an algorithm that builds 

input sequences for testing with minimal thermal dissipation. 

The realization of this task is performed in three steps: 

a) Excessive generation to cover the faults and defects

of the input sequences.

b) Evaluation of the quality of the solution for each of

these sequences.

c) Search for the optimal part of the input sequences.

The first two stages are two preparatory steps, while the

third is to the resolution of combinatorial optimization using 

simulated annealing algorithm. 

For the formal declaration of the problem, we define the 

redundancy of the input sequences of the tests. 

A. Definition 1

The fault  is detected (verified) by the given 

sequence   with a redundancy r, if 

there are at least r sequences  with 

 which control the fault f. Thus r is called a 

redundancy factor. Here        is compressed by the 

equivalence of the set of simple defects having a single 

constant. 

B. Definition 2

The  test input sequence has full redundancy r, if 

each fault in   class checks the sequence r at least once. 

C. Definition 3

The excessive plenitude of the  sequence with 

redundancy r is equal to: 

 (1) 

where  : it is the number of defects 

of the set  which is verified at least r times with the aid 

of the given input sequence. 

Step 1: Solving the problem consists of constructing an input 

sequence (set of sequences)                     that 

includes excessive fullness necessary with a fixed redundancy 

r. Furthermore, for each fixed defect of

there is guaranteed the existence of at least r input sub-

sequences belonging to S such that each of them detects this 

defect. The guarantee of redundancy for certain defect will 

then allow depending on the purpose of the job task to choose 

the best sequence. 

Step 2: This step is dedicated to the evaluation (calculation) of 

the energy dissipation estimates       for each subsequence 

. The problem is actually in the simulation of the 

circuit at a given input sequence and obtaining on this basis 

the necessary data. 

The indicator of the dissipation of the thermal energy with the 

simulation of a given input sequence        largely depends 

on the technology of the physical realization of the 

microcircuits. Currently, the most common production 

technology for microcircuits (chips) is CMOS. The activity of 

the simulated circuit due to the application of the given input 

sequence influences only the dynamic component of the 

thermal dissipation when the static part does not depend on it. 

It is also known that the dynamic component of thermal 

dissipation is dominant. 

It is known in [11] that the CMOS technology for power 

dissipation and for a given input sequence is determined by 

the following expression: 

  (2) 

where V: the voltage of the circuit, C: the physical capacitance 

of the output valve, f: the operating frequency of the circuit 

and  : the number of events in the simulation to a 

given input sequence. 

Thus, to estimate the power of the heat dissipation from the 

accuracy to the exact coefficient, we must calculate the 

parameter  which in turn admits the following 

representation: 

 = (3)
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where L: the length of the input sequence (the number of input 

vectors) and the activity of the valve is determined by the 

expression: 

    (4) 

Performing the             parameter calculation allows us 

to make any event modeling algorithm that works with faulty 

circuits. To solve this problem, previously, the authors 

described the algorithm [12] with propagation signal delays.  

III. THE SIMULATED ANNEALING ALGORITHM FOR THE 

SELECTION OF THE SET OF SUBSEQUENCES

Step 3: On the basis of the SA algorithm, we involve the 

selection (choice) of the subset of sequences     so as to 

satisfy the following two conditions: 

    (5) 

         (6) 

Let's take an example that reveals the heart of the stage. 

Suppose that for some circuits (schema) the set of testable 

defects , the test sequence 

   where the subsequences  , 

  have the following characteristics: 

Suppose in the possible solutions we use the following subset 

S: 

  and 

Let us list the characteristics of these sequences: 

From the calculations, it is clear that we must exclude the  
series from the list of potential solutions since it represents 

worse (lower) properties than those of the other series. Among 

the remaining set of series with better properties, we must 

choose the one that admits the lowest dissipation parameter, 

namely,    . Thus, from the example we see that the set  is 

excessive and from this set, without the loss of its integrality, 

we can exclude either the sequence     (energy dissipation = 

73) or the sequence     (energy dissipation = 88) although in 

these cases the fullness of the tests is 100% whereas their 

power dissipation parameter is higher than that in the other 

cases and this set will not be chosen as optimal. 

Let us present some basic concepts that will be necessary for 

the description of the strategy (algorithm) of the annealing 

simulation. This strategy is presented as an iterative algorithm 

for improving the properties of a potential solution. For each 

step i of the algorithm, a configuration  is associated and 

each function  corresponds to a function which indicates 

the quality of this configuration from the point of view of the 

resolution of the problem, this is the cost function  

 . In addition we have introduced modification 

operations which make it possible to construct an environment 

(a concept) that is only a set of points with altered 

characteristics. The calculation of the evaluation function for 

the points of the environment can show the degradation of 

their quality in relation to the starting point. The acceptance or 

rejection of such deterioration is demonstrated by the 

temperature distribution     . The purpose of the construction 

of this distribution is that, with high temperatures, the 

probability of choosing the worst solution is higher than at low 

temperatures. The choice of the temperature distribution 

defines the cooling rate of the substance and thus significantly 

influences the search results. 

On this basis we give a brief description of the annealing 

simulation algorithm: 
1) The algorithm starts with the construction of its initial

configuration         and its cost         . Also for 
the distribution of temperatures we choose the initial 

temperature        . The following steps of the algorithm 
are repeated iteratively until the solution is found or until the 
maximum number of iterations is reached. 

2) For the current temperature    and by applying the 

modification operations on this configuration     , builds its 

environment omposed of N configurations  

3) For each configuration    of the environment    it 

computes its cost          as well as the cost 

improvement parameter           , the changes made 

as a result of the disruption, or will be accepted, or rejected if 
the change in the cost function is negative, so the intermediate 
configuration replaces the current one. Otherwise, such a 
change will take place on the basis of the Boltzmann 
distribution: 
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where k - a Boltzmann heuristic constant 

4) By incrementing the iteration counter         , the 
current temperature changes according to the chosen 

temperature distribution:                    . 

5) Go to step 2.

In the quality of the configurations in the proposed algorithm, 

it acts the set of numbers of the subsequences of S which in 

fact define the input sequence. The numbers in different 

configurations vary during the evolution as well as their 

number, but we will not take into consideration the order of 

the numbers in the configurations. 

Three conventional disturbance operations for sets are used: 

modification, deletion or addition of any element. The choice 

between the types of operations is also random. 

The algorithm is divided into two phases, and in each phase 

applies its own cost function. 

In the first phase, subsets will be selected from S, each of 

which satisfies the following condition:   , 

namely, the subsequences included in the set    all show the 

non-maintainability dismantled by the sequences of S. In this 

case, the evaluation function is then given by: 

        (8) 

As soon as the set of subsequences that satisfy the condition 

(5) is discovered, the SA algorithm immediately proceeds to

phase 2 for the optimization of this set.

In the second phase, the configurations are developed in such

a way as to reduce the dissipation of heat for the subset of the

sequences and the evaluation takes the form:

         (9) 

where          . Thus the disturbance operations 

which lead to the violation of condition (5) are considered 

non-corrective. 

The efficiency of the SA algorithm is measured by the 

decrease in heat dissipation for the input and output 

configuration of phase 2. 

Note that since for a single temperature distribution, two 

different cost functions will be used for the different phases of 

the resolution, then it is necessary experimentally to choose 

two values of Boltzmann constants. 

IV. THE EXPERIMENTAL DATA

For 3-step algorithms, the authors solved their problems by 

implementing a programming (software or application). The 

first step in the construction of redundant test sequences has 

been adapted to that described previously by the authors of the 

genetic algorithms for the construction of the tests [13]. The 

modifications relate to this code fragment, in which 

determines the effect of the modeling fault on this input set. In 

the modified version of the algorithm for the assignment of the 

defect in modeling, first we have established a requirement 

that the fault has been tested at least r times with r: this is the 

redundancy parameter. In addition, the original test generator 

constructed a sequence without fixing within independent 

subsequences. Our algorithm uses this important information. 

Therefore, in the data structure that stores the test sets, a 

change has been imported by setting the cycle time for the test 

sequence in which the subsequences begin.  

In the second step, we proposed an adaptation to the old 

proposals of event modeling algorithms for fault-based digital 

circuits [12]. 

In the results of the job, a file was constructed that contains 

the following information: 

 The total number of sub-sequences;

 The total number of defects in the compressed list;

 Then, for each sequence: the length, the number of
events of the modelization, a list containing the
numbers of the tested defects.

The third step was devoted to the programming and 

implementation of the SA algorithm described above. The 

volume of the software is 1100 lines of code. The experiments 

were performed on an instrumental computer with a 2.4GHz 

Core2Quad processor, 2GB of RAM. 

For the selection (choice) of the optimal values of the heuristic 

constants, a series of preliminary experiments has been carried 

out. To alleviate the problem and for the sake of brevity, we 

will not show the search steps of the algorithm for the 

selection of the constants. Note that for the results we have 

chosen the following values: redundancy parameter     , 

 , number of configurations 

tested for a single temperature = 450 , Boltzmann constant for 

First step:        , the Boltzmann constant for the second 

step:        , the number of iterations without 

improvement = 50. 
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TABLE I. THE EXPERIMENTAL RESULTS 

Circuit 

Diagram 

Completeness 

of the test, % 

Reduction of heat 

dissipation,  % 

Operating 

Time, Sec 

s298 85,71 92,02 1 

s344 96,19 92,97 1 

s349 95,42 91,73 1 

s382 89,47 91,02 1 

s386 73,95 90,77 1 

s400 88,21 93,08 <1 

s444 79,32 88,72 1 

s526 8,65 72,53 <1 

s635 0,15 54,43 <1 

s641 44,75 88,91 3 

s713 81,93 91,56 1 

s832 48,05 89,74 4 

s938 4,40 86,31 <1 

s967 7,41 89,56 1 

s1196 91,22 84,19 23 

s1238 77,86 76,32 6 

s1269 17,87 87,77 1 

s1423 73,47 81,89 5 

s1488 92,19 83,25 20 

s1494 95,22 89,55 9 

s1512 4,86 84,75 1 

s2081 8,29 93,28 <1 

s3271 96,57 89,60 64 

s3330 66,45 88,28 5 

On average 86,34 

The experiments were carried out using circuits from the 

ISCAS-89 international catalog [14]. The results are shown in 

Tab. 1. The "Reduction of heat dissipation" column includes 

the result for a subsequence set that performs the transition to 

phase 2 of the SA algorithm. In analyzing the results, we can 

draw the following conclusions: 

 The best results, about 90% were obtained with the
easily testable circuits;

 The worst results are obtained with the circuits difficult
to test for which in the first step a small number of
subsequences has been generated.

V. CONCLUSION

In this paper, we proposed an approach for the construction 

of test sequences with minimal energy dissipation. The 

approach consists of three successive steps: the construction of 

the redundant test sequence, the evaluation of the heat 

dissipation for each sequence and the choice of the optimal set 

of sequences. To solve the problem of the third step, we 

proposed to use the simulated annealing algorithm. The 

effectiveness of the proposed approach is demonstrated with 

ISCAS-89 control circuits with an average reduction in heat 

dissipation equal to 86.34% and up to 93.28% in the best 

cases. 

As perspectives, we can seek to use this approach to solve 

other problems of optimization of input sequences for example 

the reduction of their length. 
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