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Introduction

In recent years several technical developments have converged to a bigger than ever need for extremely fast
data links. High performance computers have become the focus of much attention in the data
communications industry. Performance improvements have spawned increasingly data-intensive and high-
speed networking applications, such as multimedia and scientific visualization. However, the existing
network interconnects between computers and I/O devices are unable to run at the speeds needed.

The intention of the Fibre Channel (FC) is to develop practical, inexpensive, yet expendable means of
quickly transferring data between workstations, mainframes, super computers, desktop computers, storage
devices, displays and other peripherals. Fibre Channel is the general name of an integrated set of standards
being developed by the American National Standards Institute (ANSI).

There are two basic types of data communication between processors and between processors and
peripherals: channels and networks. A channel provides a direct or switched point-to-point connection
between the communicating devices. A channel is typically hardware-intensive and  transports data at high
speed with low overhead. In contrast, a Network is an aggregation of distributed nodes (like workstations,
file servers or  peripherals) with it's own protocol that supports interaction among these nodes. A network
has relatively high overhead since it is software-intensive, and consequently slower than a channel.
Networks can handle a more extensive range of tasks than channels as they operate in an environment of
unanticipated connections, while channels operate amongst only a few devices with pre-defined addresses.
Fibre Channel attempts to combine the best of these two methods of communication into a new I/O interface
that meets the needs of channel users and also network users.

Although it is called Fibre Channel, its architecture doesn't represent either a channel or a real network
topology. It allows for an active intelligent interconnection scheme, called a Fabric, to connect devices. All a
Fibre channel port has to do is to manage a simple point-to-point connection between itself and the Fabric.

Fibre channel is a high performance serial link supporting its own, as well as higher level protocols such as
FDDI, SCSI, HIPPI and IPI. The Fibre Channel standard addresses the need for very fast transfers of large
amounts of information. The fast (up to 1 Gbit/s) technology can be converted for Local Area Network
technology by adding a switch specified in the Fibre Channel standard, that handles multipoint addressing.
There is a perspective as an I/O technology and a Local Area Network technology as well. Another
advantage of Fibre Channel is that it gives users one port that supports both channel and network
interfaces, unburdening the computers from large number of I/O ports. FC provides control and complete
error checking over the link.

Fibre Channel Topology

In Fibre Channel terms the switch connecting the devices is called the Fabric. The link is the two
unidirectional fibres transmitting to opposite directions with their associated transmitter and receiver. Each
fibre is attached to a transmitter of a port at one end and a receiver of another port at the other end. When a
Fabric is present in the configuration, the fibre may attach to a node port (N_Port) and to a port of the Fabric
(F_Port).

Since a Fibre channel system relies on ports logging in with each other and the Fabric, it is irrelevant
whether the Fabric is a circuit switch, an active hub or a loop. The topology can be selected depending on
system performance requirements or packaging options. Possible FC topologies include point-to-point,
crosspoint switched or arbitrated loop.

FC operates at a wide variety of speeds (133 Mbit/s, 266 Mbit/s, 530 Mbit/s, and 1 Gbits/s) and on three
types of both electrical and optical media. Transmission distances vary depending on the combination of
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speed and media. The single mode fibre optic media using long-wave laser light source gives the highest
performance (10 km maximum distance at 1 Gbit/s).

The Fibre Channel Model

Figure 1.   4_node_net DFD

The Fibre Channel model begins with the DFD labeled 4_node_net shown in Figure 1.   This arrangement
has four nodes, labeled 1 through 4.  Each is identical and comprise the detail of the model.   Port address is
an identifying integer and the “link” flows are comprised of “frames” amd “primitives” which pass between
the nodes.  Frames are packages of data with time parmeters (more about these later) and other parts that
include a header, start and end of file markers.  Primitives are associated with control functions, which will
also be discussed further.

Within each node the layers of the Fibre Channel model are displayed.  As shown in figure 2, the layers are:
FC-4 (Application Program), FC-3 (Upper Level Protocal), FC-2, FC-1 and FC-0.  Each layer performs specific
functions.   Between each layer the “IU” flows contain the destination id, the “payload” and time
parameters.  Each layer will be discussed in detail.
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Figure 2.  Node DFD

FC-4 Layer

FC-4, the highest level in the FC structure defines the application interfaces that can execute over Fibre
Channel. It specifies the mapping rules of upper layer protocols using the FC levels below. Fibre Channel is
equally adept at transporting both network and channel information and allows both protocol types to be
concurrently transported over the same physical interface.

The following network and channel protocols are currently specified or proposed as FC-4s:

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)
Single Byte Command Code Set Mapping (SBCCS)
IEEE 802.2

Figure 3 depicts the FC-4 layer , Applications Program DFD of the model.   At this level the user can control
the simulation by choosing the fairness policy, periodic flows of data (size and frequency), the uploading of
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files of varied size, credit policy, the destination address and can select data collection to external files for
later analysis.

Figure 3.  FC-4 (Application Program) DFD

FC-3 Layer

The FC-3 level of the FC standard is intended to provide the common services required for advanced
features such as:

Striping -To multiply bandwidth using multiple N_ports in parallel to transmit a single 
information unit across multiple links.
Hunt groups - The ability for more than one Port to respond to the same alias address. This 
improves efficiency by decreasing the chance of reaching a busy N_Port.
Multicast - Multicast delivers a single transmission to multiple destination ports. This includes 
sending to all N_Ports on a Fabric (broadcast) or to only a subset of the N_Ports on a Fabric.

The present FC-3 layer of the model, Upper Level Protocol, simply passes data through at this point.  It will
be built in the near future.

FC-2 Layer (General)

The Signaling Protocol (FC-2) level serves as the transport mechanism of Fibre Channel. The framing rules
of the data to be transferred between ports, the different mechanisms for controlling the three service
classes and the means of managing the sequence of a data transfer are defined by FC-2. To aid in the
transport of data across the link, the following building blocks are defined by the standard:

Ordered Set
Frame
Sequence
Exchange
Protocol

Ordered Set
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The Ordered Sets are four byte transmission words containing data and special characters which have a
special meaning. Ordered Sets provide the availability to obtain bit and word synchronization, which also
establishes word boundary alignment. An Ordered Set always begins with the special character K28.5. Three
major types of Ordered Sets are defined by the signaling protocol.

The Frame delimiters (the Start-of-Frame (SOF) and End-of-Frame (EOF) Ordered Sets) are Ordered Sets
which immediately precede or follow the contents of a Frame. There are multiple SOF and EOF delimiters
defined for the Fabric and N_Port Sequence control.

The two Primitive Signals: Idle and Receiver Ready (R_RDY) are Ordered Sets designated by the standard to
have a special meaning. An Idle is a Primitive Signal transmitted on the link to indicate an operational Port
facility ready for Frame transmission and reception. The R_RDY Primitive Signal indicates that the interface
buffer is available for receiving further Frames.

A Primitive Sequence is an Ordered Set that is transmitted and repeated continuously to indicate specific
conditions within a Port or conditions encountered by the receiver logic of a Port. When a Primitive
Sequence is received and recognized, a corresponding Primitive Sequence or Idle is transmitted in response.
Recognition of a Primitive Sequence requires consecutive detection of 3 instances of the same Ordered Set.
The Primitive Sequences supported by the standard are Off-line (OLS), Not Operational (NOS), Link Reset
(LR) and Link Reset Response (LRR).

Frame

The basic building blocks of an FC connection are the Frames. The Frames contain the information to be
transmitted (Payload), the address of the source and destination ports and link control information. Frames
are broadly categorized as Data frames and Link_control frames. Data frames may be used as Link_Data
frames and Device_Data frames, link control frames are classified as Acknowledge (ACK) and
Link_Response (Busy and Reject) frames. The primary function of the Fabric is, to receive the Frames from
the source port and route them to the destination port. It is the FC-2 layer's responsibility to break the data
to be transmitted into Frame size, and reassemble the Frames.

Each Frame begins and ends with a Frame Delimiter, The Frame Header immediately follows the SOF
delimiter. The Frame Header is used to control link applications, control device protocol transfers, and detect
missing or out of order Frames. An optional header may contain further link control information. A maximum
2112 byte long field (payload) contains the information to be transferred from a source N_Port to a
destination N_Port.  The 4 bytes Cyclic Redundancy Check (CRC) precedes the EOF delimiter. The CRC is
used to detect transmission errors.

Sequence

A Sequence is formed by a set of one or more related Frames transmitted unidirectional from one N_Port to
an other. Each Frame within a sequence is uniquely numbered with a Sequence Count. Error recovery,
controlled by an upper protocol layer is usually performed at Sequence boundaries.

Exchange

An Exchange is composed of one or more non-concurrent sequences for a single operation. The Exchanges
may be unidirectional or bi-directional between two N_Ports. Within a single Exchange, only one sequence
may be active at any one time, but Sequences of different Exchanges may be concurrently active.

Protocol


