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Correspondence.

A Class of Odd-Weight-Column SEC-DED-SSED
Codes for Memory System Applications

SHIGEO KANEDA

Abstract — Error correcting codes are widely used in memory systems
to increase reliability. Especially in a memory system that uses byte-
organized memory chips, which each contain 5 (>1) output bits, a single
chip failure is likely to affect many bits within a byte. Single-bit error
correcting~double bit error detecting-single b-bit byte error detecting
codes (SEC-DED-SJED codes) are suitable for increasing the reliability
of memory system.

This correspondence presents a new class of odd-weight-column
SEC-DED-SHED codes for b = 4. The code length is 2"~' = 2'"*!, where
7 is the number of check bits and [ T denotes the ceiling or next largest

integer. The proposed SEC-DED~-S4ED codes are the best-known codes. .

Index Terms — Byte-organized memory chips, error-correcting codes,
LSI implementation, reliability, single-bit error correcting-double-bit er-
ror detecting~single-b-bit byte error detecting codes (SEC-DED-SHED
codes).

I. INTRODUCTION

Error correcting codes are widely used in memory systems to
increase reliability [1],[6]. As LSI technology moves towards
higher levels of integration, byte-organized memory chips, which
each contain b (22) output bits, have become the general practice.

However, for such byte-organized memory chips, a single chip

failure is likely to affect many bits within a byte.

Many codes have been proposed for correction and/or detection
of several classes of potential failures in memory systems using
byte-organized memory chips. In particular, single-bit error
correcting—double-bit error detecting—single-b-bit byte error de-
tecting codes (SEC-DED-SbED codes), for correcting single-bit
errors and simultaneously detecting double-bit errors and single-
b-bit byte errors, can be effectively and economically applied to
this kind of memory system to increase reliability. Certain known
codes which correct both bit and byte errors [7], [8] can be applied;
however, these codes require greater redundancy than SEC-
DED-SbED codes do.

Single-bit error correcting-single-b-bit byte error detecting
(SEC-SBED) codes have been proposed by Bossen er al. {2], and
Reddy [3] extended the protection provided by Bossen, Chang, and
Chen through constructing similar SEC-SbED codes in which the
class of detectable errors was enlarged to include double errors. In
addition, Fujiwara {4], Kaneda and Fujiwara (5], Chen [11], and
Dunning and Varanasi [12] all have proposed SEC-DED-SbED
codes. Specxﬁcally. the present author proposed minimum-weight
rotational SEC-DED-SbHED codes, where code length is &b + 2)
for the number of check bits (r) = b + 2 [13].

In this correspondence, a new class of odd-weight-column
SEC-DED-S4ED codes is proposed. The proposed codes are best-
known codes for b = 4,

" II. NEw CLASS OF ODD-WEIGHT-COLUMN SEC-DED-S4ED CobE

The following theorem gives SEC-DED-SbED codes when
b = 4 and r = an even positive number.

Manuscript received February 9, 1982; revised February 20, 1984,

The author is with the First Research Section, Communication Principles
Research Division, Musashino Electrical Communication Laboratory,
N.T.T., Midori-cho, Musashino-shi, Tokyo, Japan.

Theorem: Let r be an arbitrary but positive even number (r > 3).
The following Steps 1—4 give SEC~-DED-S4ED codes, where the
code length is 27=! — 272 bits.

Step 1: Let g denote a column vector havmg r/2 binary elements.
Vector g is arbitrary, but g = all *1” is advisable to reduce the
H matrix weight.

Step 2: Let f, denote a column vector having r/2 binary ele-
ments. The weight of f, must be even for an odd-weight g, and
must be odd for an even-weight g. The number of f,'s is
2(#2—I|(q = 0 l 2("2-” - l)

Step 3: Two column vectors f; and f; are selected arbitrarily from
thef,'swhere0 = i = 2"*"" - 1,0 s j s 2"*" - |,andi # j.
Using f; and f;, the following r by 4 matrix, h;, is defined.
(In (1), “+" represents the modulo-2 sum of the column vectors.)

grfitfiig+fitf f 1 f
fooov f gt fitfigtfith]
(1

Step 4: The H matrix for the proposed SEC-DED-SbED codes
can be defined as follows, using this hA;:

H = [hos, hoay hos, = =~y +]. )

h,‘j==

Proof: Obviously, the column vectors for (2) are odd weight.
Now, let us assume that f; is odd weight. In this case, g must be even
weight. Even if f, is even weight, the proof is the same, as will
be shown.

1) Proof of single error correcting capability: The wéight of
f: is odd and the weight g + f; + f; is even. Thus, the following
equations should be satisfied to show the nonuniqueness of the
column vectors:

fi=fi
grfitfi=g+fitf]

where if f; = f; then f; must not be equal to f; from the definition in
the theorem. However, we can derive f; = f; and f; = f; from these
equations, which is absurd. Thus, the column vectors for (2) are
distinct. Consequently, the codes in (2) are SEC-DED codes.

2) Proof of single-4-bit byte error detecting: Double-bit
errors within each byte can be detected through DED capability. Let
us verify this error detection capability for triple-bit errors and
four-bit error within a byte.

a) Triple-bit errors within a byte: For each byte of (2), let
us chose an arbitrary three column vector from that byte and sum
them. The resultant column vector pattern is a syndrome for 2
triple-bit error. It can easxly be shown that either lower-half r/2 bits
or upper-half r/2 bits in the syndrome are equal to g. Note (2) again.
From the definition in the theorem. f; is not equal to f; therefore,
g + fi + f;cannot be equal to g. As a consequence, triple-bit errors
within each byte can be detected.

b) Four-bit errors within a byte: For each byte of (2), sum
the four column vectors. Obviously, the resultant column vector is
even weight and is not equal to the all “0” vector. Thus, a four-bit
error within each byte can be detected.

Note that the number of f,'s is 2"*~", In addition, the number
of h;’s is the combination number with selection of two ele-
ments from 2">~" elements. The code length can be easily
obtained. Q.E.D.
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) Fig. 1. (112, 108) minimum-weight SEC-DED-S4ED code.
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Fig. 2. (72.64) 2-rotational SEC-DED-S4ED code.
So as to show this process concretely for b = 4 and r = 8, let S0
2 be an all “1” vector g;
1 Ss Correctable
1 Error
8= 3 .
Sa
| 2
This g is even weight: therefore. f, must be odd weight. There are ~ §,
eight £,'s in this case. The f;’s are hg\ Error
o] folfoj [t} Jryqaj[trjfo :__/ Detection
P offoffvtjollt}tr}]o} ]l @ Fomem—m——— -
= -
lol'li{ ol foi 1] ol]1]]! 1)~ :AND
1ol lo]lot]o] 1] 1]t

From these f,’s two columns are chosen, and the k., matrix is
constructed. There are 28 A, ,’s in this case. For instance, Ao, and
hy, are

]
1

1100 1100
1100 0 001
00 01 1100
hm:oon.o hﬁgoono )
00 1 1} 0011
00 1 1 0100
01 00 001 1
100 0] |1 0 0 0]

The complete H matrix for b = 4 and r = 8 is given in Fig. 1. We -

can easily obtain the shortened r/2-rotational SEC-DED~-S4ED
:Zdes fyom the proposed codes. Fig. 2 shows the 2-rotational
d-weight-column (72, 64) SEC-DED-S4ED code shortened and

ED g
13 -0
| S EX-OR !
| ot

Fig. 3. Error detecting circuit for Fig. | code.

converted from the Fig. 1 code. In this case. check columns
(weight = 1 columns) are concentrated into two bytes using vector
. gperations among row vectors.

For the SEC-DED-SbHED codes given by the theorem. as was
mentioned in the proof, either the upper r/2 bits or lower r/2 bits
of the syndrome for triple-bit errors within a byte are equal to g.
Taking advantage of this property, it is possible to systematically
construct error detecting circuitry with a small number of gates.
Fig. 3 shows the error detecting circuitry for the Fig. | code.

The number of check bits is an even number for the proposed
code. If an odd number of check bits is required, construction A in
{11} can be applied to the prorposed codes. Thus, the code length of
the proposed code is 2~ = 27 bits, where [ 7 denotes the ceiling
or next largest integer.
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ITI. CONCLUSION

This correspondence has proposed a new class of odd-weight-
column SEC-DED-S4ED codes. The code length is 2~' = 2™
bit, where b is the byte length, r is the number of check bits, and
[ 7 is the ceiling or next largest integer. The proposed codes are
best-known codes for b = 4,
~ The proposed odd-weight-column SEC-DED-S4ED codes can
be practically and effectively applied to main storage systems using
byte-organized memory chips.
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