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Data is the underlying resource of computer. All the computing processes depend on data. Often, data is unique assess of a company. It stored in storage medium and can be accessed through server. The issues of the data always involve the data storage, data access and data management. With rapid development of Internet, especially the growth of the e-commercial, the data exchange and transfer become important issues.

Along with the evolution of the computer, the data storage also changes (Fig.1). The evolution of storage architecture is related to era or phase of computing, from the centralized computing with controller-based dedicated storage, to the client/server model with distributed data, and finally to the current network era calling with its requirement for universal access to data, robust software tools, and data management solutions. In this evolution, the dramatically increasing data volume is also a driving force for the development of the new technology for better data storage.
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Fig. 1 The evolution of storage architecture.

The Storage Area Networks (SANs) create new methods of attaching storage to servers. These new methods promise great improvements in both availability and performance. Comparing to the other storage methods such as Server Attached Storage (SAS) and Network Attached Storage (NAS), SAN shows advantages in all of the scalability, availability, overall performance, management, and connectivity. The scalability is about how well the system can handle the rapidly growing data volume, and the response time with increasing number of users. To have good data availability, the data should be available to the users all the time (24 hours a day, 7 days a week) without worry about single point failure. The data access and distributed data sharing is to measure the system performance and connectivity. The easy data management is critical to the data storage, especially when update of either the servers, or the storage, or both are needed.

Server Attached Storage (SAS)

In 1970’s, the major form of computer was one mainframe connected with several servers. The jobs of computer system were mainly concentrated in the big compute project. The data storage was totally dedicated to the main frame (Fig. 2). It is called server-attached storage (SAS).  This kind of storage is server-centric. In SAS, the data storage is generally a part of a general purpose server, either a personal computer or a mainframe. The data access is platform and file system dependent. 
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Fig. 2 Server Attached Storage (SAS)

There are two ways to implement SAS, a single copy of data maintained and managed by a mainframe, or every server has its own local copy.

With all the servers sharing the one single copy maintained in the mainframe, the system scalability is limited as the data access is usually slow with the increasing number of users. The data management is easy, with the mainframe in charge of all the management. But the backup processes, which may occupy major time of the processor, usually affect the services. The connectivity is quite dependent on the cables used to connect the system. The major problem of this implementation is how to avoid single point failure. As all the data management and data access are loaded on one machine, the mainframe, any kind of failure happens to the mainframe is fatal to the whole system.

The implementation to allow each server has its own local copy of the data can solve the problem of single point failure. As each server keeps and uses its own copy, the storage availability and performance is better than the other way. With each server works independently, the scalability and connectivity of the whole system is poor. The major problem with this kind of system is the data management, namely how to keep all the copies synchronized all the time.

Network Attached Storage (NAS)

NAS is the technology is which an integrated storage system connects directly to a messaging network through a Local Area Network (LAN) interface (Fig. 3). Generally, The NAS has a dedicated file server connected to LAN using messaging communication protocols like TCP/IP. The file server also processes file I/O protocols such as Network File System (NFS) to manage the data transfer. All the other servers connected to the network can access the data. The requesting servers and the storage system function in the client/server relations. 

The NAS is file-centric storage. The scalability of NAS is much better than SAS. The data availability is generally good, quite depending on the performance of LAN. The system performance is also limited by the speed of LAN, and traffic on LAN, and the specific massaging protocol used. The connectivity of the system is different according to the type of requesting server and the file server. Between the homogeneous servers, it is the true data-sharing. Between the heterogeneous servers, the data is shared by copying. 
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Fig. 3 Network Attached Storage (NAS)

Storage Area Network (SAN)

Since 1990’s, Storage Area Network (SAN), a new data storage was developed by IBM. SAN is created by using the Fibre Channel linking peripheral devices to form a new network, apart from the LAN (Fig. 4). The separate dedicated network avoids any traffic conflicts between clients and servers on the traditional messaging network. 

Fibre Channel combines the characteristics of networks (large address space, scalability) and I/O channels (high speed, low latency, hardware error detection) on single infrastructure. A Fibre Channel network may be composed of many different types of interconnect entities, including switches, hubs, and bridges. The Fibre Channel has desired features to be used in the SAN.
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Fig. 4 Storage Area Network (NAS)

· High Performance

Fibre Channel fabrics provide a switched 100Mbytes/second full duplex interconnect. In addition, block-level I/O is handled with remarkable efficiency compared to networking traffic. A single SCSI command can transfer many megabytes of data with very little protocol overhead (including CPU interrupts). As a result, relatively inexpensive hosts and storage devices can achieve very good utilization and throughput on the network. 

· Scalability

Fibre channel fabrics use a 24-bit address allowing 16 million devices to be addressed. In Addition, BROCADE Fibre Channel networks allow the number of attached nodes to increase without loss of performance because as switches are added, switching capacity grows. The limitations on the number of attached devices typical of channel interconnects disappears.

· Distance

Traditional storage interconnects are limited in the length of cable that can attach hosts and storage units. Fibre Channel allows links up to 10 kilometers, which vastly increases the options for server administration. 

· Any-to-any Interconnection

The interconnection can be between server to storage, server to server, and storage to storage. Server to storage is the traditional model of interaction with storage devices. The advantage is that the same storage device may be accessed serially or concurrently by multiple servers. In addition, a SAN may be used for high-speed, high-volume communications between servers. Storage to storage intercommunication enables data to be moved without server intervention, thereby freeing up server processor cycle for other activities like application processing. For example, a disk device can back up its data to a tape device without server intervention. 

Fibre Channel allows multiple protocols for networking (e.g. IP), storage (SCSI) and messaging  (VIA) over a single infrastructure. Empowered with the dedicated Fire Channel storage network, the SAN not only has the advantage of high performance, good scalability, long distance and any-to-any interconnection, but also provides the following benefits to the users.

1. Storage Management

In storage management, the SAN provides a management framework in which storage is not viewed as subordinate to servers but as a first-class asset that can be managed in its own right.

SAN-attached storage allows the entire investment in storage to be managed in a uniform way. This is in contrast to direct attached storage, where each host’s storage must be managed separately. The great advantage of the centralized management is to ensure the data synchronization and provide more efficient data access. 

2. Decoupling Servers and Storage

Externalizing the storage from the server makes it a first class asset in its own right. Servers can now be upgraded while leaving storage in place. Storage can be added at will and dynamically allocated to servers without downtime.

Traditional server design binds storage to individual CPUs. Servers with large storage capacity are more expensive because of additional controllers, chassis and power supply requirements. Since the SAN allows storage and servers to be added on an as-needed basis, relatively modest server configurations can be used for the initial implementation. If more server CPU cycles are necessary to meet a user load, servers can be easily added with or without associated storage. If more storage is needed across a server plant (to accommodate more content), it can be easily added by attaching to the SAN and associating it with the existing servers.

3. Storage Consolidation and Efficiency

SANs allow a number of server to utilize sections of SAN attached storage devices. This allows for cost efficiencies that come from purchasing storage in large units. In addition, this arrangement makes it possible to ensure consistent quality and support across the entire server population.

In the SAN, since all servers can, in principle, access any storage device, the potential exists to enhance the server software to share storage devices. This has profound implications for any application in which data is now replicated or shared via traditional networking techniques. The current network-based approaches to sharing peripheral devices suffer from severe protocol inefficiencies. In contrast, in a SAN with shared (or cluster) file system, no NFS server is required. The CPU, which needs the data, simply retrieves it from the storage device in one interrupt through the SCSI stack.

4. Cost Effective Open System Model

SANs provide an open system model for the server and storage infrastructure that ensures that the site administrators will be able to choose best-of-breed price/performance server and storage equipment. In addition, as hardware price and performance improves, the administrator can evolve the site gracefully while continuing to make full use of existing equipment.

The migration to SAN is easy. Only four essential components are needed: host bus adapters (HBAs) to connect servers to the SAN; Fibre Channel storage that connected directly to SAN; SCSI-FC bridge to allow SCSI components (tape or disk) to be attached to the SAN; and the SAN network components such as Fibre Channel switches.

Because the SAN is extensible, it allows incremental development of features such as fault tolerance and hot backup sites. There is no need to pay for these features until the economic justification has been demonstrated.

In summary, SAN is a high-speed network, comparable to a LAN, that allows the establishment of direct connections between storage devices and servers centralized to the extent supported by the distance of Fibre Channel (Fig. 5). It is the really data centric storage. The SAN can be viewed as an extension to the storage bus concept that enables storage devices and servers to be interconnected using elements such as routers, hubs, switches and gateways. A SAN can be shared between servers and/or dedicated to one server. The major advantages of SAN include improved application availability, higher application performance, simplified centralized management, centralized and consolidated storage, and data transfer and vaulting to remote sites. 

Switched Fibre Channel SANs provide a framework in which the server/storage infrastructure can be scaled up independently as the number of users increase without downtime for forklift upgrades. One reason switched SANs can continue to scale is that, like other switched networks, switching capacity increase as switches are added to the network. As the number of nodes in the network grows, the administrator simply adds switches to the network. There is typically no user configuration necessary; the fabric automatically learns the topology of the network as switches and nodes are added.
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Fig. 5 Storage Area Network
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