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Abstract We are now living in an era of big data. It is more and more common that distributed
storage systems store multiple petabytes of data today. These systems are typically built on
commodity components, where faults are more likely to occur. It is the responsibility of the
distributed storage systems to ensure that data can be stored reliably and durably. Replication and

erasure codes are the most common solutions. Under the same level of fault tolerance, using erasure
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codes can significantly reduce storage cost compared with using replication. However, using
traditional erasure codes, like Reed-Solomon codes. increases the consumption of network traffic and
disk I/O tremendously when systems recover data, and thus will result in high latency of degraded
reads. Noticed that data access frequency is Zipf distribution, most data accesses are applied in a small
fraction of data, while most data’s accessing frequencies are very low. According to this data access
skew, this paper presents a mixing storage scheme to solve the high degraded read latency problem of
erasure-coded storage systems. In this scheme, two erasure codes are used. A code which has the
characteristic of low recovery cost, like LLocal Reconstruction Code, is used to store frequently
accessed data (hot data). Another code which guarantees minimum storage cost, like Hitchhiker
code, is used to store infrequently accessed data (cold data). Because hot data occupy most data
accesses, most degraded reads should be applied on hot data, then this scheme can have an advantage
of low recovery cost from the perspective of the entire system. In the meantime, cold data dominate
the whole system in data amount’s aspect, then this scheme can have a low storage overhead since
cold data are stored by a code that guarantees minimum storage cost. However, there must be some
situations i which hot data become cold or cold data become hot. Therefore the mixing storage
scheme should be deployed with a code switching procedure. An inappropriate code switching
procedure may raise a huge amount of transformation, which is unacceptable. In order to prevent this
defect, this paper presents an efficient switching algorithm between Local Reconstruction Code and
Hitchhiker code. With this algorithm, the switches between hot data and cold data will not become a
bottleneck in the system. While choosing the codes carefully and deploying the efficient code
switching algorithm, the mixing storage scheme that this paper presents can be a flawless scheme
compared to other existing mixing storage schemes. Through experimental verification, using this
storage scheme can reduce 55.8% of degraded read latency compared to traditional Reed-Solomon
code. Moreover, when applying this switching algorithm, latency of switching can be reduced to
13.4% and 33.1% respectively. Also, when switching Local Reconstruction Code to Hitchhiker
code, which will be the most common situation, the amount of data transferred can be reduced to 10%

of the original algorithm by the newly presented code switching algorithm.
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Background

This paper presents a mixing erasure—coded storage
scheme and discusses the high degraded read latency problem
in erasurecoded systems, which is a part of the area of fault
tolerance in storage systems.

Replication and erasure codes are two typical ways to
achieve fault tolerance in distributed storage systems.
Compared to replication, using erasure codes can significantly
reduce storage cost under the same level of fault tolerance.
However, using traditional erasure codes may increase the
consumption of network traffic and disk 1/O tremendously
when systems recover data, and thus will result in higher
latency of degraded reads and longer reconstruction time.

To solve this problem, two major kinds of codes, Local
Reconstruction Codes (LRCs) and Minimum Storage
Reconstruction (MSR) Codes, are widely studied in recent
years.

At the same time, some mixing storage schemes are
presented. These schemes use at least two codes to store data.
According to the data access skew, choosing the codes
carefully can be helpful to reduce degraded read latency. The
most famous one should be HACFS, which combines two

codes in one code family. However, these schemes have
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obvious defects. Most of them may raise a large amount of
transferring data while code switching, and HACFS can be
restricted in the only one code family.

The new mixing storage scheme that this paper presents
can avoid these defects mentioned above. The mainly
breakthrough is that this paper presents an efficient code
switching algorithm between two codes in different code
families. By this code switching algorithm, there will be just a
little fraction of data needed to be transferred when switching
codes, while the system uses two different codes, .RC and
Hitchhiker code. Storage systems can have advantage in
performance by deploying this new scheme rather than the
previous ones.

This research is a part of a project which studies the
reliability of systems. A mixing storage scheme can be a good
solution to achieve fault tolerance and also keep a good
performance at the same time.
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