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Figure 1 The coordinate system of the storage array
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Figure 2 Generating parity elements by coding chains with slope +1 and +2. (a) The deployment of coding chain with
a slope of 1; (b) the deployment of coding chain with a slope of —1; (c) the deployment of coding chain with a slope of 2;
(d) the deployment of coding chain with a slope of —2
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Table 1 Fault tolerance, stripe and strip constraints of array codes

Array codes

Fault-tolerant ability

Requirement for the stripe size

Requirement for the strip size

EVENODD codes 2 Prime The stripe size—1
RDP codes 2 Prime—1 Equal to the stripe size
Liberation codes 2 None A prime not less than the strip size
Star codes 3 Prime The stripe size—1
X codes 2 Prime Equal to the stripe size
B codes 2 Solution for corresponding mathe- The stripe sizex2, or the stripe
matics problem sizex 241
P codes 2 Prime, or prime—1 The stripe size/2
Weaver codes 12 None None
Grid codes 15 Determined by the stripe size of Determined by the stripe size of

Slope codes

Arbitrary

matched codes

Greater than ((the stripe sizex
fault—tolerant  number)—fault—

tolerant number)

matched codes

A positive integer not less than 2

Fault-tolerant ability=20

Fault-tolerant ability=30

Fault-tolerant ability=50

Fault-tolerant ability=100
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Figure 4 Effect of strip size to storage efficiency
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Table 2 Slope codes vs. Reed-Solomon codes

Fault tolerance Storage efficiency Operation
Slope codes Arbitrary Non-optimal XOR
Reed-Solomon codes Arbitrary Optimal Finite field arithmetic
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Figure 5 Effect of fault tolerance to calculations
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A class of array erasure codes with high fault tolerance
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Chengdu University of Information Technology, Chengdu 610225, China
*E-mail: shp@cuit.edu.cn

Abstract Array-erasure coding technology is not only one of the ideal methods to enhance the reliability of stor-
age systems, but it also has important applications in many other research areas, such as secret-sharing schemes
and multipath transportation. This is because it has many special advantages, such as a simple construction, a
high calculation efficiency, etc. However, low fault tolerance is the biggest obstacle to the actual implementation
of array codes. Grid codes have the highest fault tolerance of all currently known array codes, which only achieve
a capacity of 15. In view of this situation, this paper presents a class of array erasure codes with high fault toler-
ance, which are referred to as slope codes. Slope codes have a high computing efficiency because all calculations of
encoding and data reconstruction are binary XOR operations, and that implementation in hardware or software
is convenient due to its simple construction method. The new codes have a non-MDS property, but its storage
efficiency can be close to the Shannon Limit with the increase of the size of strips in a storage array. Additionally,
the minimum update penalty provides a guarantee of efficient concurrent data access. The current literature and
reference materials indicate that the slope code proposed in this paper is the first array code that can tolerate
any number of errors.

Keywords erasure codes, array codes, horizontal codes, storage systems, high fault tolerance
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