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Abstract

The traditional storage model cannot cope with massive data storage capacity scalability,

data reliability and high performance. cloud storage systems came into being under this background.

Cloud storage systems use distributed file systems and other technologies to assemble different

storage devices into a pool of resources through network connections, unified provision of storage

services, with high scalability, high reliability and so on. There are many kinds of distributed file

systems for cloud storage, Ceph distributed file system, with its open source nature, and providing
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uniform storage capability, has been widely concerned in enterprises and scientific research fields.
With the characters of open source and providing uniform storage capability, the Ceph storage
system has been widely concerned in scientific research fields and industry application as one of
the most regular cloud storage system. Data distribution strategy is a key technology in distributed
file system, which determines location of data storage, load balancing and fault tolerance of the
system. CRUSH algorithm is a pseudo-random algorithm for data distribution in Ceph distributed
file system which can distribute data objects and their replicas efficiently in large-scale and
heterogeneous hierarchical structured storage clusters. However, the open-source Ceph storage
system uses storage capacity as the sole consideration for selecting storage nodes in replication
scheme in its CRUSH algorithm. It ignores the loads on both the network and individual nodes
and negatively affects the system’s read and write performance under heavy loads or poor conditions.
It is important to utilize the network state information and node load in CRUSH algorithm to
improve the load balance. But in the traditional network architecture, it needs cumbersome
configuration and much of the measurement overhead. To address these deficiencies, we propose
a Ceph enhancement that incorporates software-defined network (SDN) abstraction and an
improved strategy for storage node selection. First the nodes’ and network’s load status are
obtained via SDN to simplify the network configuration and alleviate the measurement overhead.
Compared with the traditional network architecture, getting network state requires cumbersome
configuration and a lot of measurement overhead, Software Defined Network (SDN) separates the
control plane and the data plane phase. Through the centralized control plane, it Simplifies
network measurement and management and provides a flexible and efficient maintenance strategy,
which are adopted the SDN technology to complete the monitoring of network and node load.
Second, we establish a multi-attributes decision-making model to select storage nodes optimally.
It aims to solve the load unbalanced problem of storage node caused by the storage capacity as the
constraint condition in CRUSH algorithm. An improved CRUSH algorithm is proposed to add
the factors of network state and load in node weight factor and the determination of weight factor
has a finer granularity. We tested the performance of our proposed model in a live environment.
The results indicated that the designed model and strategy can significantly improved the
throughput for small files and response times for reading large files while offering write performance
similar to the unmodified Ceph storage system compared with the original CRUSH algorithm.

Keywords software defined network; Ceph storage; multi-attribute decision-making; replication

scheme; weighting factor
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Packet_in 7§ B & 1fi 4%
procedure: _packet_in_handler(ev)
msg <—ev.msg
pkt<packet. Packet(msg.data)
arp_header<pkt.get_protocolsCarp.arp) il i
ip_header<pkt.get_protocol(ipvd.ipvd) Ipvd f5 ki
ud p_header<pkt.get_protocol (ud p.udp) Udp £33 Ppil
if Gip_header and udp_header and udp_header.dst_port==
12345)
procedure: _parse_udp(msg.data)
end procedure
procedure: _parse_udp(msg.data)
eth_data<ethernet.ethernet. parser(msg.data)[ 2]
fige A7 LA K IR0 i 11
ip_data<ipvd.ipod. parser(eth_data)[ 2] f#EHr Ip Hihk
udp_data<—udp.udp. parser(ip_data)[ 2] f#Mr Udp $dE

end procedure
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11.
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end
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Background

The traditional storage model cannot cope with massive
data storage capacity scalability, data reliability and high
performance, cloud storage systems came into being under
this background. Cloud storage systems use distributed file
systems and other technologies to assemble different storage
devices into a pool of resources through network connections.
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balancing and fault tolerance of the system. CRUSH algorithm
is a pseudo-random data distribution algorithm in Ceph
distributed file system, which can distribute data objects
and their replicas efficiently in heterogeneous large-scale
hierarchical structured storage clusters. However, CRUSH
algorithm is deficient in the design of storage node load
balance and does not take into account underlying network
conditions and node load. When network condition of storage
node deteriorates. such as data migration within the cluster
takes up a large amount of network bandwidth. At present,
the system selects location of data storage only to take
storage capacity of nodes as weighting factor, which makes
performance of the cluster fall significantly, and reduces the

read and write performance of the system. Therefore, it is
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important to add network state and node load into CRUSH
algorithm to improve load balance. The traditional network
architecture, getting network state requires cumbersome
configuration and a lot of measurement overhead, Software
defined network (SDN) as a new network architecture using
control plane and data plane phase separation, through the
centralized control plane, SDN Simplifies network measurement
and management and provides a flexible and efficient maintenance
strategy, so the paper uses SDN technology to complete the
monitoring of network and node load. The main innovative
work of the paper is summarized as follows: (1) Aiming at
the load unbalanced problem of storage node caused by the
storage capacity as the constraint condition in CRUSH
algorithm, an improved CRUSH algorithm is proposed to
add the factors of network state and load in node weight

factor, and the determination of weight factor has a finer

granularity. (2) In the process of obtaining the network state
and load status of the node. the architecture of the SDN and
the Ceph distributed file system is designed. Through the
development of the SDN controller, the measurement of the
node network status and load state are respectively measured
by the combination of active and passive methods.
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