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METHOD AND SYSTEM FOR EFFICIENT FLOW CONTROL FOR
CLIENT DATA FRAMES OVER GFP ACROSS A SONET/SDH
TRANSPORT PATH

BACKGROUND OF THE INVENTION

The present invention relates generally to digital communication networks, and
more specifically, to methods and systems for efficiently transporting Fibre Channel
client data, among other protocols, over a SONET/SDH network path.

SONET/SDH and optical fiber have emerged as significant technologies for
building large scale, high speed, Internet Protocol (IP) based networks. SONET, an
acronym for Synchronous Optical Network, and SDH, an acronym for Synchronous
Digital Hierarchy, are a set of related standards for synchronous data transmission over
fiber optic networks. SONET/SDH is currently used in wide area networks (WAN) and
metropolitan area networks (MAN). A SONET system consists of switches, multiplexers,
and repeaters, all connected by fiber. The connection between a source and destination 1s
called a path.

One network architecture for the network interconnection of computer devices 1s
Fibre Channel, the core standard of which is described in ANSI (American National
Standards Institute) X3.230-1994. Arising out of data storage requirements, Fibre
Channel currently provides for bi-directional gigabit-per-second transport over
communication networks in Fibre Channel frames that consist of standardized sets of bits
used to carry data over the network system. Fibre Channel links are limited to no more
than 10 kilometers.

New standards and protocols have emerged to combine the advantages of the
SONET/SDH and Fibre Channel technologies. For example, it is sometimes desirable to
link two SANSs (Storage Area Networks), which operate with Fibre Channel protocol,
over a MAN (Metropolitan Area Network), or even a WAN (Wide Area Network), which
typically operates under SONET or SDH standards. This extension of Fibre Channel
from 100 kilometers to over several hundred, or even thousand, kilometers, is made by
mapping Fibre Channel ports to a SONET/SDH path for transport across a SONET/SDH
network. One way to perform this function is to encapsulate Fibre Channel client data
frames into transparent Generic Framing Protocol (GFP-T) frames and then map the GFP-

T frames into SONET/SDH frames for transport across the SONET/SDH network.
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Fibre Channel systems have two types of flow control: 1) end-to-end, and 2)
buffer-to-buffer credit. In both types of flow control, two ports report to each other how
many frames is available at that port’s buffer to receive Fibre Channel frames from the
other port. In end-to-end flow control, the source and destination ports are the two ports
and the ports signal each other the reception of a transmitted frame by an ACK Link
Control frame. In buffer-to-buffer credit, the two ports on opposite sides of a link are the
two ports and the ports communicate the reception of a transmitted frame with an R_Rdy
Primitive signal. But flow control is within the Fibre Channel network and 1s based on
counting Fibre Channel frames which can vary.

In the present invention, flow control is provided across SONET/SDH transport
networks which connected frame-based protocol networks, such as Fibre Channel and

gigabit Ethernet. Furthermore, flow control is based on bytes to better utilize the size of

the buffer receiving GFP-encapsulation frames.

SUMMARY OF THE INVENTION

The present invention provides for a method and system for efficiently
transmitting GFP-encapsulated client data frames from a local transport interface and at
least one local port associated with the local transport interface across a SONET/SDH
transport network to a remote transport interface and at least one remote port associated
with the remote transport interface which has a buffer for holding the GFP-encapsulated
client data frames received across the SONET/SDH transport network.

In one aspect of the invention, the method generally has the steps of rece1ving
information from the remote transport interface of the memory space available in the
buffer by bytes; tracking the number of bytes of GFP-encapsulated client data frames in
transit from the local transport interface to the remote transport interface; and transmitting
more GFP-encapsulated client data frames responsive to the information of the number of
bytes available in the remote transport interface buffer and the number of bytes in transit
from the local transport interface to the remote transport interface to maximize usage of,
without overfilling, the buffer. This allows the SONET/SDH transport network from the
local transport interface to the remote transport interface to be efficiently utilized.

In another aspect of the invention, the local transport interface comprises at least
one integrated circuit adapted to receive information from the remote transport interface
of memory available in the buffer in terms of bytes to hold GFP-encapsulated client data

frames; to track the number of bytes of GFP-encapsulated client data frames in transit
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from the local transport interface to the remote transport interface; and to transmit more
GFP-encapsulated client data frames responsive to the information of the number of bytes
available in the remote transport interface buffer and the number of bytes mn transit from
the local transport interface to the remote transport interface to maximize usage of,
without overfilling, the buffer for efficient utilization of the SONET/SDH transport

network from the local network interface to the remote network interface.

The client data frames can include Fibre Channel frames, gigabit Ethernet and

other frame-based protocols.

The above is a brief description of some deficiencies in the prior art and features
of the present invention. Other features, advantages, and embodiments of the invention

will be apparent to those skilled in the art from the following description, drawings, and

claims.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a diagram illustrating an exemplary network employing the present
invention;
Fig. 2A is a flow chart of operations of a transport interface, a port card, mn the
exemplary network of Fig. 1, according to one embodiment of the present invention; Fig.
2B is a flow chart of operations in the initialization step in the Fig. 2A operations; and

Fig. 3 is a block diagram of a portion of a port card of Fig. 1, according to one

embodiment of the present invention.

Corresponding reference characters indicate corresponding parts throughout the

several views of the drawings.

DETAILED DESCRIPTION OF THE INVENTION

The following description is presented to enable one of ordinary skill in the art to
make and use the invention. Descriptions of specific embodiments and applications are
provided only as examples and various modifications will be readily apparent to those
skilled in the art. The general principles described herein may be applied to other
embodiments and applications without departing from the scope of the invention. Thus,
the present invention is not to be limited to the embodiments shown, but 1s to be accorded
the widest scope consistent with the principles and features described herem. For purpose

of clarity, details relating to technical material that is known in the technical fields related

to the invention have not been described 1n detail.
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Fig. 1 illustrates a context for the present invention, an exemplary network Fiber
Channel ports are connected over a SONET/SDH transport network 10. In the present
example, it is assumed that the ports operate under Fibre Channel protocol, though the
ports may also operate under other frame-based protocols, such as gigabit Ethernet, 1n
accordance with the present invention.

In the exemplary network Fibre Channel ports 16 and 18 are connected by Fibre
Channel links 15 and 17 respectively to a multi-port Fibre Channel card 14. Likewise, a
second Fibre Channel port card 24 is connected by Fibre Channel links 25 and 27 to Fibre
Channel ports 26 and 27 respectively. The Fibre Channel ports 16, 18,26 and 28 are
associated with elements which are interconnected by Fibre Channel. These elements
include data storage elements, including disk drive arrays, RAIDs, disk farms, or possibly
Fibre Channel network elements, suqh as routers, switches, or other Fibre Channel

network elements. In Fig.1 each Fibre Channel port card 14 and 24 is connected to a pair
of Fibre Channel ports for purposes of illustration, and more ports may be connected to
each Fibre Channel port card.

The SONET/SDH network 10 provides a transport path to connect the Fibre

Channel ports 16 and 18 with the Fibre Channel ports 26 and 28. Optical transport
platforms 12 and 22, such as ONS 15454 (available from Cisco Systems, Inc. of San Jose,
California), provide the interface between the Fibre Channel and SONET/SDH networks.

The Fibre Channel ports 16 and 18 are connected to the multi-port Fibre Channel card 14
which is adapted to fit into the optical transport platform 12; and the Fibre Channel ports
26 and 28 are connected to the multi-port Fibre Channel card 24 which adapted to fit mto
the optical transport platform 22. Through the Fibre Channel port cards 14 and 24, which
function as transport interfaces with the platforms 12 and 22 respectively, the Fibre
Channel ports 16 and 18 are interconnected to the Fibre Channel ports 26 and 28 across

the SONET/SDH network transport path. The result is that there are two virtual wires for
the connection between a representative Fibre Channel port at one end of the
SONET/SDH network 10, say, port 18, and a representative Fibre Channel port at the
other end, say, port 28. As explained above, GFP-T, transparent Generic Framing
Procedure, is conventionally used as the framing protocol for such a network for
encapsulating the Fibre Channel payloads at one end of the SONET/SDH network 10 to
be transmitted across the SONET/SDH network and for decapsulating the Fibre Channel
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data at the other end. By GFP-T protocol, the GFP-T frames have fixed lengths and, 1

this embodiment, the frame length is set at (67 x 19) + 4 = 1277 bytes long.
While the port cards 14 and 24, and their respective optical platiorms 12 and 22

are the transport interfaces for the exemplary network of Fig. 1, for the described
embodiment of the present invention, the transport interfaces can be considered to located
in the port cards 12 and 22 only. The cards 12 and 22 each have FIFO (First-In First-Out)
buffers to hold the GFP frames received from the SONET/SDH transport network 10
before the encapsulated Fibre Channel frames are stripped out of the GFP-encapsulation
frames and passed on to their Fibre Channel port destinations. The present invention
provides for the efficient transport of the GFP-encapsulated Fibre Channel frames
between the Fibre Channel port cards 14 and 24 (and their respectively connected ports)

across the SONET/SDH network 10.
Fig. 2A is a flow chart which illustrates the steps of operation of a local transport

interface, say, the port card 14, which is transmitting GFP frames to the port card 24, the
remote transport interface. After the start 30, an initialization step 32 sets certain values
for the transmitting process; Fig. 2B illustrates the details of the initialization step 32. In
substep 50 the amount of memory set aside in the buffer of the receiving port card 24 for
the GFP frames from the transmitting port card 14 is negotiated by the two port cards,
similar to the negotiation called for in Fibre Channel protocol. In step 52 an initial GFP
frame with a sequence numbered tag is transmitted by the port card 14 to the port card 24
and at the time, the port card 14 also starts a timer in step 54. Across the SONET/SDH
transport network 10, the port card 24 upon receipt of the tagged GFP frame, stores the
frame in its FIFO buffer and in acknowledgment sends the sequence numbered tag (and
the amount of bytes of remaining available memory in its buffer) back across the
SONET/SDH transport network 10 to the port card 14. Upon receiving the tag in step 56,
the port card 14 has an indication of the time required for a GFP frame to traverse the
SONET/SDH network 10 and for the return of the frame’s tag. The port card 14
accordingly determines a time limit T for a tag to be returned after the transmittal of 1ts
GFP frame by step 58. For example, T might be 12ms for a 1200 kilometer round trip
delay. If a tag is not returned by T, it can be assumed that either the GFP frame or 1ts
returning tag is lost in transit across the SONET/SDH network 10.

Returning to the flow chart of Fig. 2A and after the initialization step 32, the local
port card 14 determines the number of GFP frames which should be transmitted to the

_5 -
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port card 24 in step 34. This determination is made by subtracting the total number of
bytes in transit from the local port card 14 which is counted by a transmission byte
counter (step 38 below) from the number of bytes available in the FIFO buffer of the
remote port card 24 which accompanies the returned tag. Initially, the number of bytes in
transit is zero so that the calculated amount of bytes to transmit is maximum. By step 36,
the GFP encapsulation frames are sent by the local transport interface and the local port
card 14 attaches a unique tag to each frame to identify the particular frame. By step 38
the local transport interface also starts the timer and engages the transmission byte
counter to count the number of bytes being transmitted to the remote port card 24.

On the other side of the SONET/SDH transport network 10, the remote port card
24 stores each received GFP frame into its buffer and transmits the frame tag with the

current amount of available buffer memory available back across the SONET/SDH

transport network 10 to the local port card 14.
The local port card 14 in step 40 waits for the return of the transmitted GFP frame

tags from the remote port card 24. If a tag has been received, the process moves to step
42 by which the transmission byte counter is adjusted to keep a current count of the
number of bytes in transit to the remote card 24. Since each GFP frame has the same
fixed length, i.e., the same number of bytes, the counter is decremented by the same
amount for each tag received. Then the process returns to step 34 and the process starts
over again. With the information about the amount of available space in the FIFO buffer
and the updated bytes in transit, a new calculation is made to transmit the maximum
number of bytes to fill the channel in the SONET/SDH transport network 10.

On the other hand, if the test in step 40 indicates that a return tag has not been
received from the remote port card 24, then step 44 tests whether the time limit T has
been reached. If not, the process returns to step 40. If the time limit has been reached,
the GFP-frame is assumed to have been lost. In fact, the frame could have been lost n
the transit across the SONET/SDH transport network 10 or the fame’s tag could been lost
in the return back across the transport network. In either case, the process returns to step
34 with the remote buffer capacity information from the last received sequence numbered
tag and the next untransmitted GFP frame 1s sent.

It should be noted that the described transmission process is directed toward the
efficient transmission of GFP-encapsulated client data frames across a SONET/SDH

transport network, i.e., the transmission of the maximum amount of client data across the

-6 -
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transport network in the shortest time possible. The retransmission and replacement of

lost frames is handled by higher level network protocols.

The described transmission process operates continuously. The local port card 14
continuously updates its view of the FIFO buffer availability of the remote port 24. If the
transmitted GFP frames are dropped or if the reception acknowledgment tag is lost on the
return transmission, the effectiveness of the transmission channel between the two port
cards 14 and 23 is reduced only temporarily. As soon as new information is received, the
local port card 14 self-corrects itself continuously and quickly determines the correct
amount of buffer available in the remote port card 24. The transmitting port card 14
always uses the channel across the transport network 10 most efficiently and makes up for

any lost bandwidth due to dropped GFP frames or tag acknowledgments. It should be
evident that transmission in the opposite direction across the SONET/SDH transport

network 10 also benefits from the present invention.

The embodiment of the present invention described above is best implemented n
the port cards 14 and 24 in the exemplary network of Fig. 1. The operations described
above require a timer and counter, besides logic. A hardware implementation in an ASIC
(Application Specific Integrated Circuit) or an FPGA (Field Pro grammable Gate Array) 1s

preferred for a high-speed implementation of the present invention for optimal
transmission of the client data frames across the SONET/SDH transport network.

Where throughput is not necessarily paramount, the present invention might be
implemented in firmware, such as the ROM (Read-Only Memory) of a microcontroller,
or in software which offers certain advantages. For instance, the processor unit instructed
by the software might also perform operations other than those de scribed, or upgrades can
be made easily in software. Fig. 3 shows a block diagram of a representative computer
system 60 that may be used to execute the software of an embodiment of the invention.
The computer system 60 includes memory 62 which can store and retrieve software
programs incorporating computer code that implements aspects of the invention, data for
use with the invention , and the like. Exemplary computer readable storage media include
CD-ROM, floppy disk, tape, flash memory, semiconductor system memory, and hard
drive. The computer system 60 further includes subsystems such as a central processor
61, fixed storage 64 (e.g., hard drive), removable storage 66 (e.g., CD-ROM drive), and
one or more network interfaces 67, all connected by a system bus 68. Other computer

systems suitable for use with the invention may include additional or fewer subsystems.
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For example, computer system 60 may include more than one processor 601 (i.e., a multi-

processor system) or a cache memory. The computer system 60 may also include a

display, keyboard, and mouse (not shown) for use as a host.

Although the present invention has been described m accordance with the

embodiments shown, one of ordinary skill in the art will readily recognize that there
could be variations made to the embodiments without departing from the scope of the

present invention. Accordingly, it is intended that all matter contained in the above

description and shown in the accompanying drawings shall be interpreted as illustrative

and not in a limiting sense.
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WHAT IS CLAIMED IS:

1. A method for efficiently transmitting GFP (Generic Framing Protocol)-

PG Al 0 e T AN o3 20 RS AR R B 0 e

encapsulated client data frames from a local transport interface and at least one local port

associated therewith across a SONET/SDH (Synchronous Optical Network/ Synchronous

Dagital Hierarchy) transport network to a remote transport interface and at least one

remote port associated therewith, said remote transport interface having a buffer for
holding said GFP -encapsulated client data frames received across said SONET/SDH

transport network, the method comprising:

receiving information from said remote transport interface of memory available in

said buffer in terms of bytes to hold GFP-encapsulated client data frames and of round
trip transit indication, the information including a confirmation that the remote transport

interface has received the at least one of said GFP-encapsulated data frames having ;

receiving identification tags for each of said GFP-encapsulated client data frames

received by said remote transport interface and the number of bytes available in said
remote transport interface buffer at the time of receipt of said identification tag by said
remote transport interface;

determining whether an identification tag has been received from said remote
transport interface within a predetermined amount of time;

tracking the number of bytes of GFP-encapsulated client data frames in transit
from said local transport interface to said remote transport interface, including counting
the number of bytes of each of said GFP-encapsulated client data frames transmitted by
said local transport interface to said remote transport interface; and

transmitting GFP-encapsulated client data frames responsive to said information
of said number of bytes available in said remote transport interface buffer and said
number of bytes in transit from said local transport interface to said remote transport

interface to maximize usage of, without overfilling, said buffer including transmitting
more GFP-encapsulated client data frames responsive to said determining that said

1dentification tag has not been received within said predetermined amount of time

without consideration of loss or corruption of encapsulated client data frames so that said
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SONET/SDH transport network from said local transport interface to said remote

transport interface is efficiently utilized.

2. The method of claim 1 wherein said client data comprise Fibre Channel
signals.

3. The method of claim 1 wherein said client data comprise gigabit Ethernet
signals.

4, The method of claim 1 wherein said receiving step further comprises:

initially communicating with said remote transport interface for the total amount

of space in said buffer reserved for GFP-encapsulated client data frames received from

said local transport interface.

5. The method of claim 1 wherein said tracking step further comprises:

sending an identification tag with each of said GFP-encapsulated client data

frames.

6. The method of claim 5 wherein said tracking step further comprises:
calculating the number of bytes of GFP-encapsulated client data frames in transit
from said local transport interface to said remote transport interface from said received

identification tag and said number of bytes available in said remote transport interface
buffer.

7. In a network system for transporting GFP (Generic Framing Protocol)-
encapsulated client data frames across a SONET/SDH (Synchronous Optical Network/

Synchronous Digital Hierarchy) transport network to a remote transport interface having
a buffer, a local transport interface connected to at least one local port, said local

transport interface comprising:

at least one integrated circuit adapted to receive information from said remote
transport interface of memory available in said buffer in terms of bytes to hold GFP-
encapsulated client data frames; to receive identification tags for each of said GFP-

encapsulated client data frames received by said remote transport interface and the

number of bytes available in said remote transport interface buffer; to determine whether

-10-
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an identification tag has been received from said remote transport interface within a
predetermined amount of time; to count the number of bytes of each of said GFP-
encapsulated client data frames transmitted by said local transport interface to said
remote transport interface;_to track the number of bytes of GFP-encapsulated client data
frames in transit from said local transport interface to said remote transport interface; and
to transmit more GFP-encapsulated client data frames responsive to said information of
said number of bytes available in said remote transport interface buffer and said number
of bytes in transit from said local transport interface to said remote transport interface to
maximize usage of, without overtilling, said butfer; and to transmit more GFP-
encapsulated client data frames responsive to said determining that said identification tag
has not been received within said predetermined amount of time without consideration of
loss or corruption of encapsulated client data frames so that said SONET/SDH transport

network from said local network interface to said remote network interface is efficiently

utilized.

8. The transport interface of claim 7 wherein said client data comprise Fibre

Channel signals.

9. The transport interface of claim 7 wherein said client data comprise

gigabit Ethernet signals.

10.  The transport interface of claim 7 wherein said at least one integrated
circuit 1s further adapted to initially communicate with said remote transport interface for
the total amount of space in said buffer reserved for GFP-encapsulated client data frames

received from said local transport interface.

11.  The transport interface of claim 7 wherein said at least one integrated
circuit 1s further adapted to send an identification tag with each of said GFP-encapsulated

client data frames.

12.  The transport interface of claim 11 wherein said at least one integrated
circuit 1s further adapted to calculate the number of bytes of GFP-encapsulated client data

frames in transit from said local transport interface to said remote transport interface from

-11-
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said received identification tag and said number of bytes available in said remote

transport interface buffer.

13.  The transport interface of claim 7 wherein said at least one integrated

circuit 1s selected from a group comprising ASICs and FPGAs.

14.  The transport interface of claim 7 wherein said at least one integrated
circuit comprises a processor and at least one memory subunit, said wherein said

processor 1s configured by software code stored in the memory subsystem.

15.  In anetwork system for transporting GFP (Generic Framing Protocol)-
encapsulated client data frames across a SONET/SDH (Synchronous Optical Network/
Synchronous Digital Hierarchy) transport network to a remote transport interface having
a butter, a local transport interface connected to at least one local port, said local
transport interface comprising:

means for counting the number of bytes of each of said GFP-encapsulated client
data frames transmitted by said local transport interface to said remote transport interface;

means for receiving information from said remote transport interface of memory
available in said buffer in terms of bytes to hold GFP-encapsulated client data frames;

means for tracking the number of bytes of GFP-encapsulated client data frames in
transit from said local transport interface to said remote transport interface;

means for receiving identification tags for each of said GFP-encapsulated client
data frames sent by said local transport interface and received by said remote transport
interface and the number of bytes then available in said remote transport interface buffer;

means for determining whether an identification tag has been received from said
remote transport interface within a predetermined amount of time;

means for transmitting GFP-encapsulated client data frames responsive to said
information of said number of bytes available in said remote transport interface buffer
and said number of bytes in transit from said local transport interface to said remote
transport interface to maximize usage of, without overfilling, said buffer; and

means for transmitting more GFP-encapsulated client data frames responsive to a

determination that an identification tag has not been received within said predetermined

-12-
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amount of time without consideration of loss or corruption of encapsulated client data
frames so that said SONET/SDH transport network from said local network interface to

said remote network interface is efficiently utilized.

16.  The transport interface of claim 15 wherein said client data comprise Fibre

Channel signals.

17.  The transport interface of claim 15 wherein said client data comprise

gigabit Ethernet signals.

18.  The transport interface of claim 15 further comprising:
means for initially communicating with said remote transport interface for the
total amount of space in said buffer reserved for GFP-encapsulated client data frames

recerved from said local transport interface.

19.  The transport interface of claim 15 further comprising:
means for sending an identification tag with each of said GFP-encapsulated client

data framestransmitted by said local transport interface to said remote transport interface.

20.  The transport interface of claim 19 further comprising:

means for calculating the number of bytes of GFP-encapsulated client data frames
in transit from said local transport interface to said remote transport interface from said
received identification tag and said number of bytes available in said remote transport

intertace bufter.

TOR_LAW\ 6837256\1
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