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Abstract

Error correcting codes (ECCs) are commonly used to protect against the soft errors. Single error correcting and
double error detecting (SEC-DED) codes are generally used for this purpose. The proposed approach in this paper
selectively reduced power consumption, delay, and area in single-error correcting, double error-detecting checker
circuits that perform memory error correction. The multi-objective genetic algorithm is employed to solve the
non-linear optimization problem. The proposed method allows that user can choose one of different non-dominated
solutions depending on which consideration is important among them. Because we use multi-objective genetic
algorithm, we can find various dominated solutions. Therefore, we can choose the ECC according to the important
factor of the power, delay and area. The method is applied to odd-column weight Hsiao code which is well- known

ECC code and experiments were performed to show the performance of the proposed method.
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1. Introduction

As technology continues to scale with smaller fea-
tures sizes, lower power supply voltages and higher op-
erating frequencies, the soft error rate in logic circuits
is rapidly increasing [1]. Concurrent error detection us
ing error correcting codes (ECCs) at the outputs of a
circuit provides means to detect soft errors quickly be-
fore they have a chance to propagate and compromise
the data integrity of a system. Therefore, we can en
hance system reliability and data integrity using the er-
ror correcting codes which commonly used to protect
against soft errors. For this reason, such circuits are
widely used in industry in all types of memories includ-
ing caches and embedded memories.

On the other hands, a power reduction design crite
rion has become very important in recent times [2].
With increasing miniaturization of devices, power has
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become a first-order design consideration motivating
researchers to look at techniques of reducing power
consumption in all components of system design.
Particularly, power reduction is an important consid-
eration in ECC, since the ECC checker circuit is acti-
vated during reading and writing access to the memory,
which happen frequently. Not only power consumption,
but also area and delay are very important factors in
ECC circuit design criterion. As power, delay and area
have become an important consideration, researchers
have proposed various methods to reduce power con-
sumption and delay and area in error detection circuitry.
Most of the works, however, have been developed for
general circuits can be applied to the design of error
detection circuitry in a straightforward manner.

In this paper, we proposed a new method to reduce
power consumption and minimize the delay and size in
specific memory ECC checkers. There are many ways
to construct SEC-DED codes and implement the corre-
sponding ECC circuitry. The proposed approach selects
a parity check matrix that minimizes power, area and
delay using multi-objective genetic algorithm (GA). GA
provides an adaptive and robust computational proce-
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dure modeled on the mechanics of natural genetic sys-
tems [3]. Through multi-objective GA, we can find
various non-dominated optimal solutions of ECC circui-
try design problems with respect to power, area, and
delay. Therefore, the proposed method allows that ECC
circuit user can choose one of various non-dominated
solutions depending on which consideration is important
among power, area and delay. The paper is organized
as follows: Section 2 gives backgrounds about the ECC
and multi-objective genetic algorithms. Section 3 gives
the proposed implementing way to the memory ECC
checkers. In Section 4, the experimental results and dis-
cussion are presented. We give our conclusions in
Section b.

2. Background

2.1 Error Correcting Code

Error correcting codes are commonly used to protect
against soft errors. The codes are represented by a
parity—check matrix, A which is used on every memory
access (both read and write). Once H has been selected,
the corresponding ECC circuitry for implementing the
codes can be synthesized in a straghtforward way.
Let's consider an (m,k) code, n is the code word
length, k is the number of data bits and (n—k) is the
number of parity check bits. The H-matrix defined as

H=[AT7_,] )

where A is a k-by-(n—k) parity check generator ma-
trix and Z_, is an (n—k)-by-(n—Fk) identity matrix.
Therefore, the parity check matrix has (n—k) row,
one for each check bit, and n columns, one for each bit
in the codeword. To construct a SEC-DED codes, the
H-matrix must be formed in a way that the minimum
distance between any codes words is four, which im-
plies that three or fewer columns of the H-matrix are
linearly independent. Hsiao [4] shows that one way to
satisfy this condition is to have the columns of the H#
-matrix meet the following constraints:

1) There are no all-0 columns.
2) Every column is distinct.
3) Every column contains an odd number of 1's

Therefore, there are many ways to construct ECC
code that provide SEC-DED capability and different H
-matrices result in different power, size and delay.
When we design the Hsiao code, there are two degrees
of freedom in selecting the HA-matrix that can be used
to reduce the power, size and delay. The first degree of
freedom is simply permuting the columns of the parity
check matrix. The second degree of freedom is selecting
the odd weight columns that are included in the matrix.
Therefore, if we select an appreciate H-matrix, power,
size and delay reduction of the ECC can be obtained.
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2.2 Multiobjective Genetic Agorithm

Genetic algorithms (GAs) are numerical optimization
algorithms inspired by natural selection and natural ge-
netics and these methods have been applied to a wide
range of problems [5]. The GAs typically maintain a
population of individuals which represents the set of
solution candidates for the problem to be solved. The
goodness of each candidate solution is evaluated based
on its fitness value. The population of the GAs evolves
by selection, crossover and mutation. In the selection
process, some individuals are selected to be copied into
a tentative next population. Individuals with higher fit—
ness values are more likely to be selected for the next
generation with the number of copies proportional to
their fitness values. The selected individuals are altered
to search for a global optimal solution in the mutation
and crossover. Given below is the basic configuration of
the GA.

procedure Genetic Algorithm

begin
initialize P(t);
while termination—condition not satisfied do
begin
evaluate P(t);
select P(t+1) from P(t);
crossover P(t+1);
mutation P(t+1);
t=t+1;
end
end

The multi-objective genetic local search algorithm
tries to find all non-dominated solutions of an opti-
mization problem with multiple objectives [6]. Let us
consider the following multi-objective optimization
problem with n objectives

minfl(:E),f2(m),...,fn(m) (2)

when the following inequalities hold between two sol-
utions x, and =, the solution z, is said to dominate

the solution z;:
Viif(z,) = f,(z)and 35: fi(2) > filzy) )

If a solution is not dominated by any other solutions
of the multi-objective optimization problem, that sol-
ution is said to be a non-dominated solution. Examples
of non-dominated solutions are shown in Fig. 1, where
dominated solutions and non-dominated solutions are
depicted by open circles and closed circles in a two-di-
mensional (2-D) objective space, respectively. The 2-D
objective space in Fig. 1 corresponds to the following
two objective optimization problem:

min f,(z) and min f,(z) (4)

As is shown in Fig. 1, multi-objective optimization



problems usually have several non~dominated solutions.
The aim of multi-objective genetic algorithm is not to
determine a single final solution but to try to find all
non-dominated solutions of the multi-objective opti

mization problem in (2).
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Fig. 1. Non-dominated solutions and dominated

solutions

3. New Multi-Objective Design Method for
ECC

In this paper, we design an ECC based on the mul
ti-objective GA. Because GA is a good solution for the
complicated combinational problem in a large search
space, among a number of possible ECC codes, we can
find the most efficient code in terms of the power, area
and delay [7].

3.1 Encoding

The Hsiao code is composed of all low order odd
weight columns and some of high order odd weight
columns. Therefore, the chromosome includes both the
permutation part of low order odd weight columns and
the list part of selected high order odd weight columns.
The input permutation part is encoded as a string of
the mapping for the input memory bits position and an
additional component representing the design of the A
-matrix. Because we use 64-bit architecture, we index
the 56 possible weight 5 columns in increasing order of
their binary representation. The chromosome is repre
sented by both the permutation of the 64 with all possi-
ble weight-1 and weight-3 columns and the indices of
the 8 weight-5 columns in the 56 possible ones. 8
weight-5 columns are selected to fill up the last & posi-
tions of the H-matrix which is selection part. Fig. 2
shows the structure of the chromosome for Hsiao code.
In the general case, for architectures of other sizes, the
chromosome would have a representation of a similar
design choice of selecting some columns from a total
set of possible odd weight columns.
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Fig. 2. Chromosome of the ECC code
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3.2 Genetic Operator

The genetic operators are used to create new sol-
utions in the new generation from the existing solutions
in the current population. Basically, there are two types
of genetic operators: crossover and mutation. Crossover
takes two chromosomes and produces two new
chromosomes. In this paper, we use cycle crossover [8]
and arithmetic crossover. We apply the cycle crossover
to the permutation part and arithmetic crossover to the
selection part as shown in Fig. 3.

N

chromosome Sclection part

Permutation part

Selection part

nd .
chromusome |ﬁ Permutation part

cycle crossover arithmetic crossover

Fig. 3. Crossover

The absolute positions of the genes in the parent
chromosomes denote the column of the parity check
matrix and the cycle crossover preserves the important
positions. The cycle crossover builds offspring in such
a way that each position comes from one of the
parents. For this reason, in our former work [S], we
suggested an idea of combining cycle and arithmetic
crossover and obtained new chromosomes which inherit
the features of the parents.

3.3 Fitness Function

The fitness function is computed by combination of
the delay in the circuit, the size of the circuit and the
power dissipation. It is a weighted linear combination of
the three components. It is inversely proportional to the
power dissipated during ECC checking where we use
2-input XOR gates and the power dissipation occur
when gates switch the output. And it is also inversely
proportional to the delay and size which is modeled by
the number of total gates in the circuit and variance
between the depths of the XOR circuits. When we ap -
ply GA to the multi-objective optimization problem, we
have to evaluate a fitness value of each solution. We
define a fitness function of the solution by the following
weighted sum of the objectives:

min f(r) =—w,f, () —w,f,(x) —w,f,(x) 5)

where f, (). fy(r) and f,(z) are normalized values of

the power dissipation, size and delay, respectively, and

wy.awy andw, dre non negative weights for the ob-

jectives, which satisfy the following relations:
w; = 0fori=1,2,3

w; twy,twy =1 6

In previous method [10], they used fixed and constant
weighs in (5). Therefore, the search direction by GA is
fixed. To solve the problem and realize various search
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directions, we use the weight values which are de-
termined as [11]

rand,
fori=1,2,3

T3
Z rand, @

i=1

w;

where rand; is non-negative random real numbers.
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4. Experiments

In this section, we present some experiments that il-
lustrate the performance of the suggested method.
These experiments deal with synthetic data. We per—
formed experiment on three synthetic 64 bit memory
data.

Fig. 4 shows the characteristics of the three syn-
thetic data. While all bits of the data set 1 are likely to
have an even distribution between zero and one, the
high order bits of the data set 3 are more likely to be a
zero than one and the low order bits are more likely to
have an even distribution between zero and one. The
characteristics of data set 2 lies between the character—
istics of data set 1 and data set 3. The evolution pa-
rameters used in this paper are given in Table 1.

Table 1. Evolution parameters

Parameter Value

Max. generation number 200
Population number 200
Crossover rate 0.6
Mutation rate 0.05

In Table 2, the results of the proposed methods are
given. We compare the proposed method with the pre-
vious method [10] in terms of the non-dominated sol-
utions for power, delay and area. To estimate power
consumption, delay and area, the circuit corresponding
to each parity check matrix was synthesized by multi-
ple output logic minimization with 2-input XOR gates.
The power consumption is computed by the number of
transitions in the outputs of the XOR gates. Further,
the size and delay of circuit are checked by the number
of total gates in the circuit and the variance between
the depths of the XOR circuits, respectively.

Table 2. Non-dominated solutions of the proposed
method

Data set 1 Data set 2 Data set 3
Power 10549 10211 9791
Delay 8 8 8
Area 181 181 181

Data set 1 Data set 2 Data set 3
Power 10805 10442 10293
Delay 8 8 8
Area 179 179 179

Data set 1 Data set 2 Data set 3
Power 10837 10411 9880
Delay 7 7 7
Area 180 181 180




In Table 3, we give some solutions that have high
fitness value and are contained in the last generated
population of the previous genetic method. It can be
seen that solutions of pervious method are dominated
by those of proposed method in terms of the all ECC
design factors. Therefore, through proposed method, we
can choose the ECC according to the important factor
of the power, delay and area.

Table 3. Dominated solutions of the previous method

Data set 1 Data set 2 Data set 3
Power 10656 10233 9946
Delay 8 8 8
Area 182 181 181

Data set 1 Data set 2 Data set 3
Power 10752 10248 97%
Delay 8 8 3
Area 183 182 182

Data set 1 Data set 2 Data set 3
Power 10812 10313 10134
Delay 8 8 9
Area 180 181 180

5. Conclusion

In this paper, we optimize the H-matrix of the mem
ory ECC checker using multi-objective GA with re
ducing the power consumption and delay and area of
the circuit. Once the H-matrix has been selected, the
corresponding ECC circuitry for implementing the code
can be synthesized. A design criterions that has become
very important in recent times are power, delay and
area. The proposed approach selects a parity check ma
trix that minimizes power, area and delay using mul
ti-ohjective genetic algorithm. Because we use mul-
ti- objective genetic algorithm and employ special ge-
netic operator for ECC design problem, we can find
various dominated solutions comparison with previous
method. Therefore, we can choose the ECC according to
the important factor of the ECC design factors. The
method is applied to odd-column weight Hsiao code
which is well-known ECC code and experiments shows
that our method can find non-dominated solutions com-
parison with those of the pervious method.
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