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Abstract
Multiple cell upsets (MCUs) are formed into a serious reliability problem in
memory applications. To make fault-tolerant memory cells, Error correction
codes (ECCs) are widely used against soft errors for years. In this paper, Parity
matrix code is discussed to improve the error correction capability with reduced
number of check bits. Maximum error correction can be achieved by parity
algorithm. Parity Matrix Code is compared with the existing Decimal Matrix
Code in terms of Power and Delay requirements.
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1. Introduction
Multiple cell upsets are defined as instantaneous errors
in more than one memory cell made by a single event. The
idea of the MCU contains both upsets that can be fixed by
error detection/correction code as well as those which
cannot. MBU of memory cells may cause wrong
functioning of computer systems. In addition, MCU can be
a risk in mission-critical systems with an extreme number of
logic devices that are mainly protected by spatial or time
redundancies.
Though single bit upset is a major problem in memory
reliability, multiple cell upsets (MCUs) have become a
serious reliability issue in some memory applications. To
avoid memory reliability issues, some error correction codes
(ECCs) have been widely used. Conventional error
correction codes explain various methods that relate soft
error. For example, the Bose–Chaudhuri–Hocquenghem [4]
codes, Reed–Solomon codes [8], and punctured difference
set (PDS) [2] codes have been used to handle with MCUs in
memories. But these codes need more area, power, and
delay overheads subsequently the encoding and decoding
circuits are more complex in these complicated codes.
Interleaving method [3] has been used to solve MCUs,
which reorder cells in the physical arrangement to isolate
the bits in the equivalent logical word into changed physical
words. [7] [9] Because of the tight connection of hardware
arrangements from both cells and comparison circuit
configurations interleaving method may not be practically
used in content-addressable memory (CAM). Built-in
current sensors (BICS) are suggested to assist with singleerror rectification and double-error identification codes to
provide protection against MCUs. [5] [6] But this method is
capable of correcting two errors only in a word. In [4],
matrix codes (MCs) are projected to proficiently correct
MCUs for each word with a reduced delay overhead. In MC
one word is separated into several rows and columns in
logical. The bits in each row are secured by Hamming code
and column bits are protected by parity code. But MC is
capable of fixing two errors only. In [1], Decimal Matrix
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Code has been proposed with enhanced error correction
capability and has lower Area, Power and delay overheads.
It uses decimal integer addition and subtraction for error
detection and correction. It uses Encoder Reuse Technique
to reduce the delay and has less encoder and decoder circuit
complexity. But it needs more number of check bits for
memory protection.
This paper gives a method, Parity Matrix Code (PMC).
A parity algorithm (matrix multiplication and matrix
addition) is used to identify and fix many errors which need
fewer number of check bits compared to decimal matrix
codes (DMC). This paper fixes maximum number of slips in
memories.
This paper is divided into the following sections. DMC
is discussed in Section II. The suggested PMC is presented
in section III. Results of PMC and DMC are shown in
section IV. Finally, some decisions of this paper are
conferred and united in Section V.

2. Decimal Matrix Code
The diagram of fault-tolerant memory is represented in
Fig.1. Firstly, throughout the encoding process, data bits D
are given to the DMC encoder, and then the horizontal
check bits H and vertical check bits V are found from the
DMC encoder. When the encoding procedure is completed,
the achieved DMC encryption term is stored in the memory.
MCUs happen in the memory means these errors can be
fixed by the decoding process [1].

Fig: 1. Memory protected with DMC
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A.

DMC Encoder
First of all in the DMC encoder the divide-symbol and
arrange-matrix concepts are accomplished, i.e., the N-bit
word is separated into k symbols of m bits (N = k × m), and
these symbols are set in a k1× k2 2-D matrix (k = k1× k2,
where the values of k1 and k2 denote the numbers of rows
and columns respectively). Instant, the horizontal check bits
H are formed by doing decimal integer addition of
designated symbols for each row. Finally, the vertical check
bits V are formed by Exoring the bits for each column.
To clarify the DMC structure, we take a 32-bit word as
presented in Fig. 2. symbol 7 symbol 2 symbol 5 symbol 0

the code subsequently. A bit storage type of Content
Addressable Memory is used for storage.

Fig: 1: Memory protected with PMC
PMC Encoder
In PMC encoder, firstly Parity Matrix H is generated as
combination of data bits and identity matrix (data bits are
shifted right)
A.

Fig: 2. 32 bit word arrangement in DMC
The cells from D0 to D31 are data bits. This 32-bit word
has been separated into eight symbols of 4-bit. k1= 2 and k2
= 4 have been taken instantaneously. H0–H19 are horizontal
check bits; V0 through V15 are vertical check bits. But the
problem is maximum correction capability and the number
of redundant bits is dependent on the values of k and m.
The horizontal check bits H can be found as,
H4H3H2H1H0 = D3D2D1D0 + D11D10D9D8
(1)
H9H8H7H6H5 = D7D6D5D4 + D15D14D13D12
(2)
And likewise for the remaining horizontal check bits
H14H13H12H11H10 and H19H18H17H16H15,
The vertical check bits V can be found as,
V0 = D0 ⊕ D16
(3)
V1 = D1 ⊕ D17
(4)
And likewise for the remaining vertical check bits V2 to
V15.
B. DMC Decoder
To achieve a term being fixed, the decoding process is
necessary. Firstly, the received check bits H4H3H2H1H0’
and V0’− V3’ are produced by the received data bits D’.
Instant, the horizontal syndrome bits ΔH4H3H2H1H0 and
the vertical syndrome bits S3 − S0 can be obtained as in [1]
ΔH4H3H2H1H0 = H4H3H2H1H0’− H4H3H2H1H0
(5)
S0 = V0’⊕ V0
(6)
And likewise for the remaining syndrome bits
ΔH9H8H7H6H5,
ΔH14H13H12H11H10,
ΔH19H18H17H16H15 and S1 to S15
When ΔH4H3H2H1H0 and S3 − S0 are equivalent to
zero, the kept encryption term has original data bits in
symbol0 where no errors happen. When ΔH4H3H2H1H0
and S3 − S0 are nonzero, the made errors are identified and
found in symbol0, and then these errors can be fixed by
D0 correct = D0 ⊕ S0. (7)
Even though DMC has lower area, power and delay
overheads with extreme error rectification ability, it requires
more number of check bits for memory security. The
suggested PMC will overcome this problem.

3. Parity Matrix Code
Parity matrix codes are calculated by creating a sparse
parity-check matrix and then shaping a generator matrix for
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Then matrix G is generated from H matrix by row
column operations (transposing)

Then check bits are generated by matrix addition and
multiplication of G matrix with data bits

The obtained code word stored in CAM. If MCU’s
happened in memory it will be handled by the decoder.
B. PMC Decoder
The decoder just undoes the encoding process so that
the original data can be recovered. To analyze the error
detection and correction capability of the projected method,
binary operation on check bits has been used.

4. Results
In this section, DMC and PMC codes are implemented
in HDL, simulated with ModelSim and tested for
functionality by given various inputs. The encoder and
decoder circuits are synthesized using Xilinx.
Fig.3 depicts the simulation result of existing Decimal
Matrix Code.
Simulation result of Parity Matrix Code implemented
in CAM is depicted in Fig.4.
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Table 1 compares the error correction capability of the
existing DMC with the proposed PMC. From that it is noted
that proposed method has the maximum error correction
capability with reduced number of check bits compared to
the existing method.
Table: 2. Power and Delay Estimation

Fig: 3. Simulation Result of DMC in CAM

Table 2 compares the Power and delay overheads of
DMC with PMC. From that it is noted that PMC has equal
delay and has a small decrease in power with respect to
DMC.

5. Conclusion

Fig: 4. Simulation result of PMC in CAM
Table: 1: Error Correction capability Compsrison
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