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1. Introduction


With the advancements in recent technology regarding data transfer and storage systems, the need to transfer data at faster speeds and in larger sizes has become a challenge for many IT departments.  People on the user end want systems to be bigger and faster; people on the IT end are scrambling to meet the needs of their users.  Since the early 1990s, Fibre Channel (FC) has been developed to provide performance and efficiency in storage systems.  Current technology in gigabit bandwidth has the installed base for Fibre Channel at 2 G bit/s and recent developments have components able to run at 4 G bit/s. 
  Fibre Channel supports block-level data, as compared to file-based storage over IP networks, which enables large amounts of data to be transferred efficiently with very little server intervention.  A couple of the many challenges presented to the networking industry are making the data universally accessible over wider areas, and also to simplify networking while continually providing high levels of bandwidth performance.

2. Technology of Fibre Channel


Two basic types of data communication exist between processors and devices within a computerized system: networks and channels.  Channels provide a direct or switched point-to-point connection between the devices and are most likely hardware intensive, with high speed data transfer and low overhead.  A network is a collection of nodes, found in workstations, servers and devices, with its own protocol that facilitates interaction between these nodes.  In contrast to a channel, a network has a high overhead due to its dependence on software.  Networks can handle a range of tasks better than channels because channels operate in an environment with few devices and predefined addresses; networks operate in an environment of various connections.  Fibre Channel is a combination of the two types of communication and incorporates a Fabric to connect devices.17
2.1 Background

Fibre Channel technology began development in 1988 with ANSI standard approval in 1994 and FC has grown since then.  Prior to FC, storage networks were integrated using Ethernet, but the applications that were being developed proved to be too much for a throughput of about 10Mbps, which were the rates at the time. 16    With the technology of fiber optic, which increased the signaling rate over a greater distance than copper cables, FC offered a faster throughput. 1  
Prior to 2001, 2G bit/s FC HBAs were developed and during 2001, iSCSI to FC Routers were in existence.  Also in 2001, 2G Bit/s FC products began to hit the market in addition to iSCSI HBAs.  It was not until 2002 that 1G bit/s Ethernet began to surface along with 10G bit/s FC switches, along with 10G bit/s FC.  The following year, 10G bit/s iSCSI products along with 10G bit/s FC servers and storage began circulation in the market.  In 2004, we saw the standard for 4G bit/s in place and the slow development of devices to integrate with the new data speed.29
With data intensive systems, Fibre Channel was developed to address the speed, capacity, and reliability requirements associated with communication between storage and server devices. A disadvantage of Fibre Channel is that it requires specialized interfaces and switches that increase the cost of a system. Fibre Channel also requires more attention to design details if it is required to communicate with the local area network and WAN technologies.  Despite the drawbacks, FC continues to be a solution to environments which rely heavily on data consolidation and access.
2.2 System Storage Configuration


The Fibre Channel storage system configuration contains FC cables and connectors, as well as hubs and gigabit interface converters (GBIC), an FC Array and Controller. 
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Figure 1: Typical Fibre Channel Storage System Configuration2
From the diagram above, the server is attached to the FC Host Controller which connects to the FC storage hub.  The FC Host Controller is an interface between the server and storage systems or other devices connected on a Fibre Channel Arbitrated Loop (FC-AL).
  The FC Controller can also be a RAID controller which combines multiple hard disks into a single logical array.  The advantage of the RAID is that it stores redundancy information in addition to data and if there is a disk failure, all the data can be recovered.8  The FC Storage Hub can attach FC Arrays to a FC Host Bust Adapter to support a number of hard drives per server slot, depending on the size (in inches).  Examples are a 12 port FC Hub supports up to 132 1-inch or 88 1.6-inch hard drives per server slot and a 7 port FC Hub supports 72 1-inch or 48 1.6-inch hard drives per server slot. 
,
  A hub allows devices to be added to or taken off the FC-AL without impacting loop operations. A major advantage of a hub is that if any one link fails, that link is removed and the other links continue to operate.  The FC Arrays can be a Fibre array or an SCSI array and what is used depends on several factors like compatibility and cost.  Most RAIDs installed today are SCSI and using SCSI arrays with a Fibre Channel adapter is definitely cheaper if you plan to reuse what is currently in use.
  The GBIC is a transceiver that converts serial electric signals to serial optical signals and vice versa and it is attached at every fiber interconnection.  GBIC is used as an interface for a fiber optic system to an Ethernet system.  Most of the components, when connected, will be in close proximity of each other.  If a situation arises where a storage component will need to reside further away from the server, then the server will require connection using infrastructure cabling.2
FC cables consist of fibers that are crossed with connectors at each end.  Cables come in various lengths, sizes and use different connectors.  The standard color codes used in FC cables are shown in Table 1. 


	Standard Color Codes to
Identify FC Cable Types

	62.5-micron
	50-micron
	9-micron

	Slate gray or orange
	Orange
	Yellow


 Table 1: Standard Color Codes of FC Cables

2.3 Why does Fibre Channel Work?

The conversion of laser light into electrical signals is how FC manages to supply gigabit data transmission.  The lasers transmit light in two wavelengths called short wave (770 - 860 nanometers) and long wave (1270 – 1355 nanometers).  The fibers are about the size of a human hair.  The fiber can be multimode and use short wavelengths or single mode fiber and use long wavelengths.  The construction of the multimode fiber allows many streams of light to travel various paths from the transmitter to the receiver.  The single mode fiber, which is smaller than the multimode, allows only one stream of light to travel one path. 2 

 Figure 2 and Figure 3 show the construction of a multimode fiber and a single mode fiber respectively.
[image: image2.png]



Figure 2:  Multimode fiber2
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Figure 3:  Single Mode fiber2
The fibers have a core that is surrounded by an optical material referred to as a cladding.  The cladding traps the light in the core by total internal reflection, which is an optical technique.  The material components of the core and cladding usually consist of ultra-pure glass, but in some cases, fibers can be formed from all plastic or a glass core and plastic cladding.  The fiber’s covering is called a primary buffer coating which protects it from damage, such as moisture.
  Optical fiber cable is used because it has the ability to transmit data over long distances, an increased reliability over copper cabling.  It is also resistant to electronic noise and radiates no energy.2
Table 2 shows the distance capability of the specific fiber decreasing as the data transmission rate increases.  The number of connectors and splices will also affect the signal strength by reducing it; therefore, an increase in connectors and splices will also impact the distance capability of the fiber.

Table 2: Fiber Classification Chart

	Fiber
Class
	Core
Size
	GBit Ethernet Max Link Distance (850nm)

	
	
	1G
	2.5G
	3.125G
	4.25G

	CL300
	62.5/125
	300m
	110m
	90m
	65m

	CL1000
	62.5/125
	500m
	225m
	185m
	130m

	CL600
	50/125
	600m
	300m
	250m
	175m

	CL2000
	50/125
	750m
	400m
	350m
	225m


*2.5, 3.125 & 4.25 Gbs estimated based on DMD measurements for VCSEL profiles similar to 1Gbs Ethernet

*Max link distances are theoretical maximums which assume worst case optics and electronics.  These maximums are worst case and no additional guardbanding is required.

Logically, data transmission over several parallel cables should be faster than over one serial cable.  It is the characteristic of non-synchronous arrival of signal sets in parallel cables that makes it slower for data transmission.  Using higher data transfer rates or longer distances, signals will be disrupted by inconsistencies in the transmitter, receiver, or other devices which will result in signals within a data set to arrive at various times.  Subsequently, there is more time involved in the receiver interpreting the signals for validation.  Serial data transfer uses only one signal wire so the signals are delayed in the same time and arrive at the receiver in the identical order in which they were sent.

3. Benefits of Fibre Channel


Fibre Channel is flexible because systems may be constructed using existing technology, such as the ability to continue using SCSI software commands, but it added a new architecture.  This new architecture did away with the problems of limited cable distance and the number of drives or the sharing of high-bandwidth data presented by the older IDE or SCSI interfaces.  FC offers data transfer at higher speeds and larger sizes in addition to increased reliability, multiple protocols and topologies and versatility in system configurations. 

3.1 Data Transfer at Higher Speeds and Larger Sizes

With the emergence of applications that require more from a system, such as the need for high-bandwidth connections, and larger data file transmission, FC has stepped up to the plate to offer solutions.  FC uses frames as its carrier of information to be transmitted.  The flow control is able to deliver data as soon as it gets it.  It is this feature that gives FC an advantage in block-level storage data networks.  Individual packet payload size is about 2048 bytes and with FC, the payload packets can be strung together into a sequence to be delivered.  Another advantage is that FC will recognize the sequences at the hardware level which decreases the amount of processing power to identify header information on the packets.  To understand the makeup, this analogy can be used: frame = word, sequence = sentence and an exchange = conversation.


In the corporate world today, network managers have to contend with the increasing overflow of data from bandwidth-intensive graphics and video applications, data and document retention and security requirements.   Fibre Channel allows them to accommodate their existing systems without increasing costs too much.  Recently, a 4G bit/s Fibre Channel standard has been established while maintaining backward-compatibility with current 1G and 2G bit/s systems.  The compatibility allows systems to slowly integrate into a 4G bit/s while maintaining the existing infrastructure.  It is estimated that by 2006, most FC hardware will ship out at 4G bit/s.
  The number of companies that are phasing out of the 1G and moving into the 2G has increased over the years.  In 2001, about ten percent of the FC market was made up of 2G devices.  In 2003, it was up to ninety percent.  With the emergence of 4G bit/s, it is only a matter of time before 2G will eventually be phased out.  It appears that manufacturers are leading the trend of faster speeds as opposed to consumer demand.
       

3.2 Reliability

In network storage systems where transporting data over the network occurs readily, reliability is important.  Data may arrive at different speeds, but it must arrive without errors. 
  The advantage with FC is that it is capable of handling raw data and video data, as well as other types of data.  In an organization, such as a hospital, or a computerized fire detection system, the integrity of the data is vital to the operations of the system.  

Fibre-Channel Arbitrated Loop integrates Dual-Loop environments that prevent lock-ups and the possibility of data loss as seen in parallel SCSI shortcomings.  If a device fails in a dual-loop FC-AL, the second loops continues to be active and the system remains stable.  FC contains Hot Swap drives so that should a drive fail, it can be replaced while the system remains in operation.  FC’s 32-bit CRC (Cyclic Redundancy Check) error detection standard is responsible for a bit error rate of less than 10x12 so most blocks of data are received correctly.
  This CRC error checking can be compared to parity where single bit errors are detected and unless the message is short and probability of error is low, the error rate will be high.
 

3.3 Scalable

One of the outstanding features of FC is the versatility that resides in its configurations, which can be as small as two devices connected together, or a more complex network with hundreds and hundreds of devices attached.8  Storage system configurations may consists of several workstations connected directly to two to three servers, as in a DAS (Direct Attached Storage), which would be relatively simple.  Additionally, a network may consist of many workstations in a large, multi-story building connected to more than one server, switches and hubs which would connect to various storage systems, as in a SAN (Storage Area Network).
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Figure 4: Fibre Channel meets the demands of IT systems among various offices or work areas8

FC SANs provide IT departments the ability to connect servers with terabytes of information.  If the configuration consists of a few servers and only several hundred gigabytes of information, a DAS works well, but if you are moving, storing and backing up terabytes of data, the process and the maintenance can be challenging. 
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Figure 5: Configuration of a DAS



DAS systems have constraints that limit the configuration.  One constraint is, should the server go down, the shared resource path will not function.  Networking storage gives IT routing options so that shared resource paths will continue to operate.  Because DAS is directly attached, there exists no remote connectivity and no independence from the host computer.  Also, DAS offers no centralization or consolidation of storage like SANs does. To increase the capacity, the number of servers will need to be increased. In trying to decide whether to use a SAN or DAS, the amount of servers and how much data storage is needed should be taken into consideration.
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Figure 6: Configuration of a SAN 


Figure 6 demonstrates the many different configurations that can come about from the basic structure.  The servers could be database, file or mail servers connected to the FC switch and in turn, connected to various types of data storage systems such as RAID, a tape drive or a storage server.  The connections are FC-AL which provides redundancy so that the system will maintain operability should failure occur between devices.  The multiple topologies that are characteristic of FC also allow for variations in configuration, as well as, the multiple protocols, which will be discussed in the following sections.

3.4 Multiple Protocols


FC has the ability to incorporate some of the most important protocols, such as SCSI (Small Computer System Interface), TCP/IP (Transmission Control Protocol/Internet Protocol), video and raw data (data that has been collected, but not formatted or analyzed).
  Video files are very large and attempting to transmit over Ethernet is very slow, and in some cases, impossible.  FC-4, the highest level in the FC structure defines the application interfaces that can execute over FC. It determines the mapping rules of upper layer protocols using the FC levels below. Network and channel information can be transported equally and FC allows both protocols to be sent at the same time over identical physical interfaces.   Below are a few of the protocols that have been specified or proposed:

· Small Computer System Interface (SCSI) 

· Intelligent Peripheral Interface (IPI) 

· High Performance Parallel Interface (HIPPI) Framing Protocol 

· Internet Protocol (IP) 

· ATM Adaptation Layer for computer data (AAL5) 

· Link Encapsulation (FC-LE) 

· IEEE 802.2

· AV Audio Video

3.4.1 SCSI


Small Computer System Interface (SCSI) is an electronic interface which allows personal computers to interface with peripheral hardware such as disk drives, tape drives, CD-ROM drives, printers, and scanners.  It is one of the legacy interfaces still being used today.  Fibre Channel’s ability to use this interface is a plus because SCSI is in existence in many companies today.  Due to the fact that FC hardware and software still remain costly, for the most part, it is important that expansion and upgrading of a system can be accomplished incrementally and FC can slowly integrate into existing systems which still use SCSI interface.  SCSI-FCP (Fibre Channel Protocol) is a serial SCSI protocol that maps FC devices to logical drives that are accessible to the operating system, such as servers and storage systems.  SCSI-FC protocol allows SCSI-based applications to use FC with modification.  The advantages are:

· High performance

· Longer cabling distances

· Larger addressing space

· Frame transfers which support intermixing short transaction with larger streaming data transfers thus, improving quality

3.4.2 TCP/IP


FC-IP is a protocol that maps FC addresses to IP addresses.  The advantages of FC-IP over IP over Ethernet are:

· Cost are lowered because it can use the identical interconnect infrastructure as SCSI-FCP

· Speed of data transfer is faster over a 100MB/sec FC than over 10BaseT, 100BaseT or even Gigabit Ethernet.  The use of frames which accommodate data payloads of 2000 bytes and the basic unit of recovery is made up of multiple frames as compared to the packet for Ethernet account for more data transfer faster.

· Data transfer over FC is more efficient

· Can use FC networks which are closed and have flow control using buffer credits, as opposed to no flow control and colliding packets as in Ethernet. 18
3.4.3 Video and Raw Data


FC-AV (Audio-Video) is a protocol which enhances the video professional’s ability to transmit video data effectively and without missing frames.  Frame dropping or a frame received out of sequence would have a detrimental effect on the quality of the picture.  Because of the necessity of high bandwidth for video streams, FCs 100 M bit/s can accommodate video with great efficiency.  With the increased speed, there is less bottlenecking and opportunity for error.  Currently, 1 G bit/s and 2 G bit/s standard exists but as recent as last year, 4 G bit/s standard has emerged and the devices such as switches, hubs, transceivers to name a few, will soon follow.  

3.5 Multiple Topologies


This section will be divided into three sub-sections which are point-to-point connection, arbitrated loop, and switched fabric.  Point to point is the simplest connection of two FC devices.  Arbitrated Loop is a connection that can supply up to 126 ports connected in a circular daisy chain. Switched Fabric is type of network topology whereby it acts like a telephone system and connects signals to their destinations.8 

3.5.1 Point-To-Point


Point-to-Point is the simplest connection of two FC devices and may consist of two servers or a server and a hard disk subsystem.  A connection of this type is usually centrally located and there is not much distance between servers and the hard disk, therefore, the entire 100M bit/s bandwidth is available between the two nodes.  In figure 7, the FC devices are shown as nodes with one or more N_Ports.  The N_Ports have a transmitter and a receiver and are cross-linked.  The links can be copper or fiber cabling.8 
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Figure 7: Point-to-Point Connection8
3.5.2 Arbitrated Loop

In an Arbitrated Loop, the configuration is like that of a circular chain.  Data is transferred from one device to another.  The ports are designated as NL-Ports.  Unlike the direct connection in the Point-to-Point topology, the Arbitrated Loop ports are like repeaters and the signal is passed along; thus, the 100 M bit/s bandwidth is shared among the devices.  The devices see the message and pass along the ones that are not meant for it. 8
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Figure 8: Arbitrated Loop8
3.5.3 Switched Fabric


In the Switched Fabric, the FC devices are connected to the network through the F_Ports or FL_Ports, depending on whether a simple connection or a looped connection is required.  The method in the Switched Fabric configuration is similar to a telephone system where it takes on the role of managing the connections.  If Node C wants to connect to Node D, the address is sent to the Switched Fabric and it creates the connection.  Because of the network topology, the exact route of the connection is unknown to the other nodes because that is managed by the Switched Fabric. 8
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Figure 9: Switched Fabric Configuration8



The advantages of FC and Switched Fabric can be seen most dramatically in Storage Area Networking (SANs) because SANs involves consolidation of large amounts of data and supplying the data to a large number of people at the same time.  There is a definite increase in data accessibility and manageability. 16

Backing up data is critical in network systems and SAN offers faster backups, thereby reducing downtime or bandwidth reduction.  Currently, mirroring is used to prevent data loss by disk drive failure, but mirroring cannot fix user error.  Disadvantages with the current server backups via a LAN include the backups were completed when applications were not running, often required duplicate devices, and it limited the availability of the data and long downtimes.  SAN technology using FC allows for a separate backup server to be used and backup software automates backup procedures.  The backups do not go through a LAN and the connection is from the tape to the switch to the separate backup server, all connected by a FC link. 16 

4. Where is Fibre Channel Used?


The technology of FC is exemplified best in systems that require huge amounts of data storage and data transfer at high speeds.  It is in storage configurations like SANs, where data storage is centralized and accessed by many users, and in video transmission, which is dependent on the ability to share files and move them around as the editing process is in effect.  Xserve RAID is a network storage device produced by Apple and is used in systems that use FC as a link between servers and the arrays.
4.1 SANs
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As discussed earlier, SANs provides an array of configurations of servers and storage devices.  DAS is rigid in it server to storage connection, but SANs allows multiple servers to connect to multiple storage devices.

 “A SAN basically extends the any-to-any connectivity of LAN architecture to storage resources.  Any data on the network, in any location, can be made accessible through multiple paths to any node, application and user on the network.”

Host bus adapters are part of the internal hardware of the server and allow the server to connect to the SAN.  Device drivers allow the server’s OS to use the HBA and communicate to other nodes in the SAN.  Switches are part of the infrastructure consisting of a fixed number of ports that servers and storage nodes attach to.  Directors are a very high reliable multi-port FC fabric switch. Directors offer any-to-any connectivity so any devices on the switch can be connected to other devices in a non-blocking manner.  Critical components are redundant and non-disruptive software code loads. 
  Directors are usually used in critical applications where access to data must be maintained at all cost.  Switches are useful with small SANs and directors increase fabric size by allowing hundreds of ports in the same switch. 20

FC storage devices can include disk, tape and optical.  The FC interface can be built right in the storage devices so there is no need for installation of an external HBA.  The ability of existing SCSI and IP devices to connect to a FC SAN is provided by FC bridges, routers and gateways. 20

It is evident that the scalability and increasing development in G bit/s technology, along with the various protocols and topologies with FC, are showcasing SANs as a networking dream. 

4.2 Xserve RAID

Uncompressed video is great quality, however the data rates are higher than commonly seen on computers, so a single hard disk is not fast enough to capture or play back uncompressed video. The solution is to use more than a single hard disk, working together so they are much faster.  Disks are "striped" together to build an array of disks. Striped disks work together to store the data and so the overall data rate per disk is much lower. This stresses each disk less, and you can store higher data rates than a single disk can handle.

Apple’s Xserve RAID works well for uncompressed video. The RAID connects to the Mac computer with a Fibre Channel card such as the Apple Fibre Channel card.  Xserve Raid does one thing and that is to securely store large volumes of data and make that data access fast.  It works with Mac OS X Server, Windows or Linux.  The hard drives have the hot-swap feature and each one can hold up to 250GB of storage and can incorporate 14 modules so storage capabilities can be up to 3.5 TB of storage.  Striping, as explained above, is another feature of the Xserve RAID and may be a critical feature to networking administrators.  Management of the RAID is done with the Ethernet port, which is independent from the FC network ports that are used for data access.

4.3 Video Transmission

FC not only saw its niche in storage consolidation and storage, but also in the video arena.  Not only do you need a place to store and retrieve data, you also need to be able to move it around and access it quickly, as seen by the increasing demand in graphic and video intense applications in education, business and entertainment.


The growing trend in almost any organization or business today is to continue to provide quality services and products while decreasing costs.  An environment where video is a major product is in broadcasting.  In broadcasting, there are a number of workstations involved in producing video; thus, there will be workstations sharing files.  In the video-processing, there are many steps in which files are accessed, edited over many workstations and users, the files accessibility and transfer can have an impact on productivity. 22

SANs using FC have been used extensively in video processing and with the new 4 G bit/s standard in place, infrastructures will only get better at delivery speed.  SANs characteristics of providing large storage spaces independent from the servers enhances video transfer speeds and also consolidates the large files so they are accessible to a greater extent.  A thin software layer residing on each workstation manages centralized file sharing. The software redirects access requests through a specialized server that acts as the file-system lock manager, to ensure users maintain the correct parallel access rights. 


FC, with its high bandwidth, scalable configurations and emerging technology provides reliable and cost effective alternatives for video processing.  It will only be a matter of time in the not-too-distant future when switches, controllers and host bus adapters, as well as disk drives will incorporate the 4 G bit/s standard and the industries will see benefits and growth in the capability and products. 

5. Industries that Benefit


With the technology discussed in section 3.3 Video Transmission, it is plausible that schools can take advantage of FC’s capability to handle video transmission.  The transmission of video for distance learning is one benefit.  Schools that incorporate broadcasting training can have a system that will handle all their video while teaching innovative technology concurrently.  
5.1 Educational Institutions


The idea of turning on your computer and instantaneously being swept into a classroom could have been a scene in a sci-fi movie years ago, but today, it is very much a part of reality and in demand.  Adults are hooking up to the Internet world and accessing classes online through universities and vocational schools.  The challenge facing educational institutions today is budget constraints.  Although, most cannot afford to leap into a highly driven FC network, most have used the technology in one form or another to ‘build’ SANs to accommodate network consolidation and management while continuing to accommodate the growing number of users.


In the UK, Ray Ford, direct of ICT and e-learning for a government funded entity that sponsor educational, business and healthcare development in areas lacking sufficient resources, has built his own SAN to accommodate his growing needs.  He sees the vocational courses exploding and the lack of IT personnel or money to support it.  Around 2001, he built his own SAN from low cost disk arrays, switches and virtualization (distribution of data across multiple devices), which he acquired from several vendors.  He managed to link 20 primary schools and one secondary school together so that 5,500 kids were on a single storage network. 


In Southern California, La Sierra University was facing problems of low IT personnel and the need for an affordable system that would meet the growing educational demands of the university.  They integrated into a FC SAN solution with 2.2 terabytes of disk space which met their needs in three areas: 1) consolidated storage from campus file servers into a unified and virtualized storage pool, 2) backups on the faculty’s laptops were put on the SAN to protect data, and 3) streaming media fees to classrooms and distance learning applications was installed. 
  

As discussed previously, the ability of the FC network to handle delivery of video clips and streaming video greatly enhances distance learning at a lower cost, depending on the configuration chosen.  This combined with storage consolidation and a centralized backup assists in data maintenance and accessibility.  

5.2 Hospitals


The age of digital is now, for hospitals, it has become an efficient, and much needed medium to store images and data relative to patient care.  In the past, hospitals records were in paper folders along with reports and film images.  Digital technologies, such as CT, MR and Ultrasound have spurred the digital age in hospitals and have brought improvement in productivity and patient care as well as the need to store and retrieve this information.


Digital files provide easier access, a more secure storage alternative and easier manageability of records.  In a hospital network, files can be accessed by healthcare professionals almost instantaneously which facilitates and speeds up diagnosis because the physician can access the data quickly and make decisions based on the accessed files.  Adaptec has worked with Siemens Medical Solutions to provide a Fibre Channel RAID in combination with a PAC (Picture Archiving and Communication System) to improved data reporting, documentation, archiving and file management.  PAC creates digital files and can include pertinent information such as reports.  No more separate documents; it can all be in one file.


In a data-intensive environment, such as a hospital, there can be no downtime and a Siemens benefited from the fault-tolerance, hot swapping, redundancy and duel loops supplied with the FC RAID.


Organizations, such as schools, universities, hospitals and even the military, banks and the movie and broadcasting, are looking at FC technology with eager eyes and optimism.  FC has the capabilities to make their work simpler, efficient, and reliable which translates to more revenue and cost savings for them and their customers.

6. Future of Fibre Channel

The FC industry tried to ignore the idea of IP SANs but the IP SAN revenue is growing and growing.  The idea of having a storage system where access was denied outside the data center is not an ideal system for some businesses.  FC-IP extends the boundaries of SANs by sending FC data through and IP tunnel.
  If the server does not require FC speeds to communicate with the SAN, FC-IP is a cost effective solution to storage infrastructure.  FC-IP offers the smaller to mid-size business SAN operability without the cost of FC.

While FC options provide fast and reliable access to storage resources, cost can obstruct accessibility to the technology.
  For this reason, many companies have chosen to use iSCSI, which is a standard for block level data transport over Ethernet networks.  Because most companies use Ethernet, there is no need to train personnel on new technology, and this facilitates in a simpler, faster and less costly transition.  Companies can get the benefits of IP-based SANs for a fraction of the cost of FC. 

6.1 Fibre Channel over IP (FC-IP)


The discussion of how SANs can increase storage capacity and access for many users in different departments has shown its advantage in large networks.  The system can further expand to remote centers, which are outside the central data center, via FC-IP.  FC remains the primary element in FC-IP, which sends data through an IP tunnel.  The SAN software should not be able to distinguish between a remote SAN and a local SAN.  There are now FC SAN switches with IP functionality in production.  The switches convert between FC and IP and servers will still require a FC card.26
The FC frames are encapsulated in TCP (Transmission Control Protocol) packets and then transported over the IP network.  The increase in I/O processing required for the increased data rates makes HBAs a good choice in connecting servers to storage in FC-IP and iSCSI because they provide server CPU offload by managing the I/O without the server.  NICs, which are used to provide access to IP networks, cannot provide the server offload for the increasing performance in network transport speeds.
 
6.2 Internet SCSI (iSCSI)


Similar to FC-IP is iSCSI, but it involves sending SCSI commands to a storage target over IP.  The SCSI commands are sent in IP packets.  The iSCSI protocol is seen as a cost effective plan to expand SANs.  

In 2003, the Cancer Therapy and Research Center in San Antonio, Texas, installed SANs in its buildings and used iSCSI instead of Fibre Channel.  The primary factor in this decision was cost.  The buildings in the research center are 22 miles apart and with iSCSI, they were able to use existing fiber instead of putting in another fiber.  They used storage routers in each location and they were linked via iSCSI.  This enabled a lower alternative, not only in hardware and software, but also in maintenance for only a single-protocol network.27  They did not have to hire more people to maintain a costly system.


Another advantage in IP integration is that when the change to VoIP is made, the infrastructure is already in place and so changes occur with less cost.27  Another example is the School District of Lancaster, Pennsylvania, which has 21buildings linked via a 100 M bit/s ATM network and a separate voice network.  The shift to an all-IP infrastructure will allow them to run applications that they cannot do now, such as video on demand and distance learning.  Their network manager believes that in the future, VoIP, video on demand and 100 M bit/s Internet access will be provided to every desktop.27

As seen in SANs, the accessibility to applications and data only enhances the processes of a business.  Network technology affects every aspect of the business from employees to customers and how they work together.  FC-IP or iSCSI offer alternatives when cost is a main factor in making the decision to expand system infrastructures.  IP allows access to data from locations which are miles apart and installation of FC cabling would be too expensive.  With the upcoming possibility of 10 Gigabit Ethernet, iSCSI still has a place in the market and if a high bandwidth is not extremely important, IP is a good alternative. 

7. Conclusion

Fibre Channel technology offers solutions to the increasing challenges of large data transfer and storage systems.  The technology of using laser steams through multimode or single mode fibers, data transfer can occur at speeds higher than those offered by IP networks.  Many industries, such as hospitals, banks, and large corporations that deal with large amounts of data are simplifying data access, backup and storage through FC.


The features of reliability, scalability and the ability to complement FC over multiple protocols and topologies make FC attractive and simple to integrate.  As with most recent technologies, cost can be a factor for some smaller to mid-size business.  FC can be expensive; therefore, IP integration is becoming a strong force in storage solutions.  FC-IP and iSCSI are providing less costly and integrateable devices in which networking management can design a reliable networking system.  Although IP appears to be a positive growth reach in SANs, security is and will be an issue.  The technology is there, but manufacturers are swaying back to see the market trends.  It will take some time for companies to start shipping out devices that support the new transfer speeds.    Despite the push into IP systems, FC is an interface that more than likely will survive and continue to develop, as seen in current development of 4 G bit/s transfer speeds.  Development will continue to focus on making devices that will integrate with Fibre Channel.  Fibre Channel technology has proven its importance and benefits that networking departments can enjoy in data management and access.
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9. Appendix





Question 1:


What are the two basic types of communication between processors and various devices?


Answer: Channels and Networks





Question 2:


Name some areas in data management areas that Fibre Channel technology is apparent?


Answer:


Data Consolidation in SANs


Data Storage in disk arrays, like RAID


Faster data accessibility in G bit/s rates


Expansion of Storage Area Networks using FC and IP





Question 3:


Name some benefits of using Fibre Channel?


Answer:


Scalable


Multiple Topologies


Multiple Protocols


Reliable


Faster transfer speeds with larger file sizes





Question 4:


Fibre Channel uses what topologies? Briefly explain.


Answer:


Point-to-Point


	Point-to-Point may consist of two servers or a server and a hard disk subsystem.  A connection of this type is usually centrally located and there is not much distance between servers and the hard disk, therefore, the entire 100M bit/s bandwidth is available between the two nodes.





Arbitrated Loop


The configuration is like that of a circular chain.  Data is transferred from one device to another. Ports are like repeaters and the signal is passed along; thus, the 100 M bit/s bandwidth is shared among the devices.  The devices see the message and pass along the ones that are not meant for it.





Switched Fabric


	The method in the Switched Fabric configuration is similar to a telephone system where it takes on the role of managing the connections.  If Node C wants to connect to Node D, the address is sent to the Switched Fabric and it creates the connection.  Because of the network topology, the exact route of the connection is unknown to the other nodes because that is managed by the Switched Fabric.





Question 5:


Briefly explain how FC technology is in existence in organizations today.


Answer:


	FC technology can be seen in business and organizations from hospitals, universities, broadcasting entities, banks, military installations and corporations that are all very data intensive and process a large amount of data everyday, all day.  The data needs to be centralized, accessible, and reliable with security measures in place and FC is ideal in these types of situations.  In addition, FC allows a system to be scalable, depending on the size of the user base and the amount of data.  Another factor to consider is if the system should incorporate FC devices with Internet Protocol.  The FC-IP allows expansion of SANs to buildings separated by miles.


These factors contribute to better health care in the doctor’s ability to diagnose a medical condition based on correct data and also provide the means by which universities can offer online classes and improve resources for their students and faculty.





