
US 20040028038A1 

(12) Patent Application Publication (10) Pub. No.: US 2004/0028038 A1 
(19) United States 

Anderson et al. (43) Pub. Date: Feb. 12, 2004 

(54) HIGH PERFORMANCE SWITCHING 

(75) Inventors: Terry M. Anderson, Minnetonka, MN 
(US); William R. George, Minnetonka, 
MN (US) 

Correspondence Address: 
Schwegman, Lundberg, 
Woessner & Kluth, P.A. 
P.O. Box 2938 
Minneapolis, MN 55402 (US) 

(73) Assignee: Ancor Communications, Inc. 

(21) Appl. No.: 10/623,793 

(22) Filed: Jul. 21, 2003 

Related US. Application Data 

(63) Continuation of application No. 09/386,109, ?led on 
Aug. 30, 1999, now Pat. No. 6,597,691. 

FABRIC 

(60) Provisional application No. 60/098,742, ?led on Sep. 
1, 1998. 

Publication Classi?cation 

(51) Int. Cl? .................................................. .. H04Q 11/00 
(52) Us. 01. . ..... .. 370/386; 370/401 

(57) ABSTRACT 

High performance switching network topologies and frame 
addressing techniques therefor are disclosed. A two-dimen 
sional Fibre Channel switch fabric is disclosed which com 
bines a Class 1 connection space-division multiplexing 
sub-fabric, and Class 2 and 3 connectionless space- and 
time-division multiplexing sub-fabric. Networking topolo 
gies are disclosed for combining multiple modules to 
increase the number of supported ports. Addressing and 
frame routing techniques are provided for routing frames to 
any port in any module of a large interconnected network of 
modules. 
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HIGH PERFORMANCE SWITCHING 

RELATED APPLICATION 

[0001] This application is a continuation of US. applica 
tion Ser. No. 09/386,109, ?led Aug. 30, 1999, Which claims 
the bene?t of US. Provisional Application No. 60/098,742, 
?led Sep. 1, 1998, both of Which are incorporated by 
reference. 

FIELD OF THE INVENTION 

[0002] This invention pertains generally to the ?eld of 
high performance sWitching, including sWitches, netWorks 
and interconnect and addressing techniques suitable for 
implementing very high performance sWitching functions 
such as those de?ned in the Fibre Channel standards. 

BACKGROUND OF THE PRIOR ART 

[0003] There is an ever increasing need in the ?elds of 
computing and data handling for sWitches and devices for 
use in data handling environments Which are capable of the 
highest performance in terms of bandWidth and sWitching 
?exibility. Examples include interconnecting computers and 
high-performance storage devices, interconnecting comput 
ers in a multiple-computer operating environment, and any 
Where else Where multiple high-speed data interconnections 
must be established betWeen designated nodes or groups of 
nodes in a data handling netWork. The demands for siZe of 
interconnected netWorks, in terms of the numbers of nodes 
to be connected, and the amount of data bandWidth continue 
to increase, and these demands are only expected to accel 
erate in the future. These demands place great burdens on the 
requirements for sWitches or sWitching netWorks, and many 
sWitch topologies from the past cannot keep up With these 
demands. 

[0004] To meet these groWing needs, the Fibre Channel 
standard Was developed and enacted as ANSI X3.T11. 
Various types of high performance sWitches or sWitch net 
Work devices have been developed and are available in the 
marketplace to at least partially implement certain Fibre 
Channel functions. The Fibre Channel standard itself is very 
forWard-looking, in that it de?nes classes and standards of 
performance, but does not dictate the implementation tech 
nologies to be used in providing these functions. This is left 
in the standard as the fabric of the sWitch, and each potential 
implementer of a Fibre Channel sWitch is to design and 
develop its oWn sWitch fabric. At the time of enactment of 
the Fibre Channel standard many of the functions envisioned 
in the standard Were not realiZable, or Were only realiZable 
as speci?c subsets of the full Fibre Channel standard. 
Because of this, much of the promise of Fibre Channel 
remains unful?lled. 

SUMMARY OF THE INVENTION 

[0005] To overcome these and other problems in the prior 
art, the present invention provides high performance sWitch 
ing netWorks and methodology for providing a practical 
implementation of Fibre Channel protocols. 

[0006] According to one aspect of the invention, a tWo 
dimensional Fibre Channel sWitched fabric is provided 
Which combines a Fibre Channel Class 1 connection space 
division multiplexing sub-fabric, and Class 2 and 3 connec 
tionless space- and time-division multiplexing sub-fabric. 

Feb. 12, 2004 

[0007] According to another aspect of the invention, there 
is provided an expandable multiport Fibre Channel standa 
lone sWitch (for example, With 16 or 64 ports) Which alloWs 
each fabric port to be used as a Fibre Channel F_Port, 
FL_Port or E_Port, depending on What device or devices are 
attached to it, With all Ports having access to both sub 
fabrics. 

[0008] According to another aspect of the invention, a 
sWitch module and methodology is provided for multiplying 
the number of user ports by combining modules into stages, 
so that, for example, a single stage can accommodate 64 user 
ports; a tWo-stage sWitch can accommodate 1026 user ports, 
and so on up to a ?ve stage combination With 196,608 user 
ports. 

[0009] Another aspect of the invention provides a Fibre 
Channel frame destination addressing methodology to sup 
port one, tWo, three and ?ve stage topologies, as Well as 
Fibre Channel arbitrated loop and alias functions. 

[0010] Another aspect of the invention provides an 
addressing method for hardWare routing of connectionless 
frames through the connectionless sub-fabric With minimum 
latency and maximum bandWidth. 

[0011] Another aspect of the invention provides an 
addressing method for hardWare routing Class 1 connect 
request frames through the connectionless sub-fabric and 
setting up dedicated duplex connections at it goes, for 
minimum latency. 

[0012] Still another aspect of the invention includes a 
method for hardWare routing of Class 1 data frames through 
the connection sub-fabric for minimum latency and maxi 
mum bandWidth, With a hardWare-managed Class 1 Discon 
nect function. 

[0013] These and other features and advantages are pro 
vided With the present invention, as illustrated in the detailed 
descriptions of the preferred embodiments Which folloW. 

BRIEF DESCRIPTION OF THE DRAWING 

[0014] FIG. 1 is a conceptual diagram of a single stage 
Fibre Channel sWitch according to the invention; 

[0015] FIG. 2 is a conceptual diagram similar to FIG. 1, 
shoWing attachment to external devices to make a one-stage 
chassis; 

[0016] FIG. 3 is a conceptual diagram of a tWo-stage Fibre 
Channel sWitch according to the invention; 

[0017] FIG. 4 is a conceptual diagram of a three-stage 
Fibre Channel sWitch according to the invention; 

[0018] FIG. 5 is a conceptual diagram of a ?ve-stage Fibre 
Channel sWitch according to the invention; 

[0019] FIG. 6 is a diagram shoWing the use of the Fibre 
Channel Source and Destination address ?eld for addressing 
according to the invention; 

[0020] FIGS. 7A and 7B are diagrams shoWing port and 
virtual ID naming conventions used in the addressing 
method; 

[0021] FIGS. 8A and 8B shoW a one-stage chassis and the 
addressing for it; 
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[0022] FIGS. 9A and 9B show a tWo-stage chassis and the 
addressing for it; 

[0023] FIGS. 10A and 10B shoW a three-stage chassis 
and the addressing for it; 

[0024] FIGS. 11A and 11B shoW a ?ve-stage chassis and 
the addressing for it; 

[0025] FIG. 12 is a block diagram of a 16-port sWitching 
network according to a preferred embodiment of the inven 
tion; 
[0026] FIG. 13 is a block diagram of a four quadrant, 
64-channel chassis utilizing combinations of the sWitching 
network of FIG. 12; 

[0027] FIG. 14 is a block diagram of the ASIC component 
of the sWitching netWork of FIG. 12; 

[0028] FIG. 15 is a block diagram of the FPORT compo 
nent of the ASIC of FIG. 14; 

[0029] FIG. 16 is a block diagram of the BPORT com 
ponent of the ASIC of FIG. 14; 

[0030] FIG. 17 is a block diagram of the CPORT com 
ponent of the ASIC of FIG. 14; and 

[0031] FIG. 18 is a block diagram of the connectionless 
crossbar component of the ASIC of FIG. 14. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0032] The preferred embodiments of improved sWitching 
apparatus and methods of the invention are described herein 
With reference to certain terms de?ned in the Fibre Channel 
standard. For convenience, a Glossary is attached Which 
includes selected Fibre Channel terms. The Glossary also 
includes a section on Device Terms, Which are used in this 
description of the preferred embodiments of the invention. 

[0033] FIG. 1 illustrates in conceptual form the general 
architecture contained Within a Fibre Channel sWitch mod 
ule, or chassis as that term is used herein. In FIG. 1, chassis 
10 is shoWn as having a number of fabric ports 12. For 
simplicity and clarity of illustration, only four fabric ports 12 
are shoWn, but it Will be appreciated that any number X of 
ports may typically be provided, Where X is 16-64. In the 
case of the sWitch chassis of the present invention, each port 
is capable of being functioning as an F_Port, an FL_Port or 
an E_Port, depending on What device is attached to it. 

[0034] The fabric ports 12 are connected through the 
fabrics of the sWitch such that in general, individual ports 
may be selectively interconnected to other ports. Speci? 
cally, sWitch 10 is illustrated conceptually in FIG. 1 as 
having a connection subfabric 14 for handling Class 1 traffic, 
a connectionless subfabric 18 for handling Class 2 and 3 
traffic, and an internal fabric controller 16. The fabric ports 
12 interconnect With each of fabrics 14, 18 and controller 16, 
as indicated by the interconnect arroWs in FIG. 1. Typically, 
connection frames (SOFil) and SOFnl) use the connection 
subfabric 14 to get from one fabric port to another, and 
connectionless frames (SOFcl, SOFi2, SOFn2, SOFi3 and 
SOFn3) use the connectionless sub-fabric to get from one 
fabric port to another. Fabric control frames use the fabric 
controller paths. Fabric controller 16 handles a number of 
functions including name server, alias server, fabric login/ 
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logout, handling eXceptions such as addresses non-existent 
ports, and higher level functions such as broadcast and 
multicast. 

[0035] Fabric port receivers (not shoWn) are provided to 
de-intermiX the frames, so that connection frames are routed 
to the connection fabric 14, and connectionless frames are 
routed to the connectionless fabric 18. At the fabric port 
transmitters, connection and connectionless frames are inter 
miXed. Connectionless frames from the connectionless fab 
ric are interspersed With connection frames from the con 
nection fabric. This is the Fibre Channel Intermix function. 

[0036] In any topology any N_Port or public NL_Port can 
eXchange frames With any other N_Port or public NL_Port 
in the system. 

[0037] Single and Multi-Stage Topologies 

[0038] FIG. 2 shoWs a single stage topology. In this use, 
all fabric ports are used as either F_Ports or FL_Ports. There 
can be multiple F_Ports, each connected to a single N_Port. 
There can be multiple FL_Ports, each connected to a single 
public arbitrated loop, With a maXimum of 126 participating 
NL_Ports connected to an FL_Port, Which can be any 
mixture of public and private devices. Public devices can 
communicate With any device on the loop and With any 
device off the loop. Private devices can communicate only 
With devices on the loop. 

[0039] For purposes of describing the steering algorithm, 
FIG. 2 labels the Stage 1 fabric ports. 

[0040] FIG. 3 shoWs a 2-stage topology, utiliZing tWo 
chassis 10. A certain number of fabric ports are used as 
E_Ports, and are used to interconnect tWo or more chassis 10 
together to provide additional user ports beyond the number 
Which a single-stage system can provide. The number of 
E_Ports and interconnect links employed is a variable, based 
on the amount of inter-chassis bandWidth required by the 
application. Once the chassis are interconnected in the 
topology of FIG. 3, the system functions as one monolithic 
system, and a user sees only a single system With more fabric 
ports. 

[0041] When chassis are interconnected according to the 
invention, there are alWays one or more active links betWeen 
any stage 1 chassis and any other stage 1 chassis. This means 
that there is never more than one additional link hop When 
a frame originates in one chassis and travels to a destination 
in a different chassis. 

[0042] For purposes of describing the steering algorithm, 
FIG. 3 labels Stage 1 and Stage 2 links. The Stage 1 link is 
identical to the link of the same name as in a one-stage 

system. 

[0043] FIG. 4 shoWs a three-stage topology, utiliZing three 
chassis 10. Up to 64 user chassis can be cross-connected 
together to provide additional ports beyond the number 
Which a tWo-stage system can provide. The cross-connect 
function is provided by one or more chassis 10 Whose ports 
are only used as E_Ports. In FIG. 4, for simplicity of 
illustration, only tWo Stage 1/2 chassis are shoWn connected 
to the E_Port interconnect chassis, but it Will be appreciated 
that more can be provided, by using more of the fabric ports 
on that chassis (not shoWn). The number of cross connect 
links and E_Ports used is a variable based on the amount of 
inter-chassis bandWidth required for a given application. 
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When connected in a three-stage system, the system func 
tions as one monolithic system, and a user sees only a system 
With more fabric ports. There must be one or more active 
links betWeen each Stage 2 chassis and each Stage 3 chassis. 
This means that there are never more than tWo additional 
link hops When a frame originates in one user chassis and 
travels to a destination in a different user chassis. 

[0044] For purposes of describing the steering algorithm, 
FIG. 4 labels Stage 1, Stage 2 and Stage 3 links. The Stage 
1 link is identical to the link of the same name as in a 
one-stage system. 

[0045] FIG. 5 shoWs a ?ve-stage topology, in Which up to 
4096 user chassis can be cross-connected together to provide 
additional ports, beyond the number that a three-stage sys 
tem can provide. The ?ve-stage embodiment adds an addi 
tional layer of cross-connections, to connect the equivalent 
of multiple three-stage systems. The number of cross-con 
nect links employed, and thus the number of E_Ports is a 
variable, based on the amount of inter-chassis bandWidth 
required by the application. Once connected as a ?ve-stage 
system, the system functions as a monolithic system, and a 
user sees only a system With more fabric ports. 

[0046] For purposes of describing the steering algorithm, 
FIG. 5 labels Stage 1, Stage 2, Stage 3, Stage 4 and Stage 
5 links. The Stage 1, Stage 2 and Stage 3 links are identical 
to the links of the same name in a three-stage system. 

[0047] Within a stage 3, there must be one or more active 
links betWeen each stage 2 chassis and each stage 3 chassis. 
There must also be one or more active links betWeen each 
stage 4 chassis and each stage 5 chassis. This means that 
there are never more than four additional link hops When a 
frame originates in one user chassis for a destination in a 
different user chassis. 

[0048] Addressing Methodology 

[0049] FIG. 6 describes hoW the Fibre Channel FC-PH 
speci?cation Destination ID ?eld (D_ID) and Source ID 
?eld (S_ID) is utiliZed for this architecture. D_ID is a 24-bit 
?eld, bits 23-0 in the 2nd Word of the Fibre Channel frame, 
used to describe the destination address of a frame transiting 
the sWitch. S_ID is a 24-bit ?eld, bits 23-0 in the 2nd Word 
of the Fibre Channel frame, used to describe the source 
address of a frame transiting the sWitch. 

[0050] Each fabric port is assigned an ID that utiliZes the 
format shoWn in bits 23:8, and in general, every device 
attached to it utiliZes the same ID in bits 23:8. In addition, 
if a loop is active, bits 7:0 are also utiliZed. An N_Port Would 
assume the bits 23:8 as its ID. An NL_Port Would assume 
bits 23:0 as its ID. When an N_Port transmits a frame into 
the fabric, it puts the destination address in D_ID, and its 
oWn address in S_ID. The receiving fabric port Will route the 
frame according to D_ID(23:8). The destination fabric port 
Will attempt to access an N_Port if D_ID(7:0)=00heX, and 
Will attempt to access an NL_Port if D_ID(7:0)$€00heX. 

[0051] FIG. 7A illustrates this port ID naming conven 
tion. In FIG. 7A, a portion of a chassis 10 is shoWn, having 
an F_Port connected to an N_Port of a device A, and an 
FL_Port connected to a loop With devices B, C and D. The 
port ID’s are indicated on FIG. 7A. FolloWing this scheme, 
a frame going from A to B Would have a D_ID of 1294, and 
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a S_ID of 1280. A frame going from B to AWould have a 
D_ID of 1280, and S_ID of 1294. 

[0052] The architecture of the present invention parses the 
D_ID in a manner that alloWs routing the frame through all 
of the topologies of FIGS. 2-5, previously described. The 
individual D_ID bit ?elds are as folloWs: 

[0053] AL_PA describes one of 256 possible arbitrated 
loop node IDs and corresponds to the FC-AL Arbitrated 
Loop Physical Address (AL_PA). If an arbitrated loop is 
attached to a particular PN, this ?eld is used to address 
individual NL_Ports on the loop. If an arbitrated loop is not 
attached, this ?eld is ignored. 

[0054] PN (Port Number) identi?es one of 64 possible 
fabric ports Within a chassis. It is this fabric port that can be 
either an F_Port, FL_Port or E_Port. This ?eld is required 
for one, tWo, three and ?ve-stage systems. 

[0055] CN (Chassis Number) identi?es one of 64 possible 
chassis or chassis, each of Which can have up to 64 fabric 
ports, each of Which can be either an F_Port, FL_Port or 
E_Port. This ?eld is required for tWo, three and ?ve-stage 
systems. 

[0056] AN (Area Number) identi?es one of 64 possible 
areas, each of Which can have up to 64 chassis or chassis, 
each of Which can have up to 64 fabric ports, each of Which 
can be either an F_Port or an E_Port, but not an FL_Port. 
This ?eld is required for ?ve-stage systems. 

[0057] FID (Fabric ID) determines Whether the frame is a 
candidate for hardWare routing. When a frame arrives at a 
fabric port, the frame FID is compared against the native 
FID programmed by microcode. If the frame FID matches 
the native FID, the frame Will be hardWare-routed in most 
cases. If the ID does not match this single value, the frame 
Will be softWare-routed instead. 

[0058] FIGS. 8A and 8B describes addressing in a one 
stage system. Only the PN ?eld is used, alloWing a maXi 
mum of 64 fabric ports, Which may be either F_Ports or 
FL_Ports. If an F_Port, the ?eld AL_PA is not used. If an 
FL_Port, the AL_PA ?eld denotes 1 of 126 possible 
NL_Ports. FID is used to denote hardWare-routed vs soft 
Ware-routed frames. A 16-port chassis supports PN values of 
0-15, While a 64-port chassis supports PN values of 0-63. 

[0059] FIGS. 9A and 9B describe addressing in a tWo 
stage system. CN and PN are used, alloWing a maXimum of 
4096 fabric ports. The CN ?eld alloWs multiple chassis, and 
CN is used to differentiate betWeen chassis. PN and AL_PA 
function the same as for one-stage. Some of these ports Will 
be used for F_Ports and FL_Ports, While others Will be used 
for E_Ports for interconnection links betWeen chassis. 

[0060] This implementation uses direct interconnect, 
rather than cascading. Direct interconnect means that there 
Will be one or more active E_Ports betWeen every chassis 
pair, so that there is alWays a single direct connection 
betWeen any chassis pair. This limits the total available 
fabric ports to considerably less than the 4096 implied in the 
addressing scheme, but alloWs expansion to more fabric 
ports than one stage alloWs, While maintaining the single 
E_Port hop. 
[0061] In the eXample shoWn in FIG. 9A, there are three 
chassis Whose CN values are 0, 1 and 2. If a frame is 
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received on a fabric port in chassis 0, and the destination is 
chassis 0, hardware Will route the frame Within the chassis 
to the destination fabric port using the PN ?eld. If the frame 
destination is in chassis 2, hardWare Will route the frame to 
any E_Port connected to chassis 2, Where the frame Will be 
routed to the destination fabric port using the PN ?eld. 
Where there are multiple E_Ports to pick from, hardWare 
Will pick the one that is the least active. 

[0062] FIGS. 10A and 10B describe addressing in a 
three-stage system. CN and PN are used, alloWing a maxi 
mum of 4096 fabric ports. The CN ?eld alloWs multiple 
chassis, and CN is used to differentiate betWeen chassis. PN 
and AL_PA function the same as for one-stage. Some of the 
fabric ports Will be used for F_Ports and FL_Ports, While 
others Will be used for E_Ports for cross-connect links 
betWeen chassis. 

[0063] This implementation used cross-connect, rather 
than interconnect. Cross-connect means that there Will be 
one or more active E_Ports betWeen every stage 2 chassis 
and every stage 3 chassis, and any frame requiring a path to 
a different stage 2 chassis can use any link to any stage 3 
chassis. This means that any path from any stage 1/2 chassis 
and any other stage 1/2 chassis Will alWays have exactly 2 
internal fabric hops. 

[0064] In the example shoWn in FIG. 10A, there are four 
stage 1/2 chassis Whose CN values are 0, 1, 2 and 3. If a frame 
is received on a fabric port in chassis 0, and the destination 
is chassis 0, hardWare Will route the frame Within the stage 
1 chassis to the destination fabric port using the PN ?eld. If 
the frame destination is in chassis 2, hardWare Will route the 
frame to any E_Port Where the frame Will be routed in the 
chosen stage 3 to the destination fabric port using the CN 
?eld. Where there are multiple E_Ports to pick from, hard 
Ware Will pick the one that is the least active. 

[0065] FIGS. 11A and 11B describe addressing in a 
?ve-stage system. AN, CN and PN are used, alloWing a 
maximum of 262,144 fabric ports. The AN ?eld alloWs 
multiple 4096 fabric port areas, and is used to differentiate 
betWeen these areas. The CN ?eld alloWs multiple chassis 
Within an area, and CN is used to differentiate betWeen 
chassis. PN and AL_PA function the same as for one-stage. 
Some of the fabric ports Will be used for F_Ports and 
FL_Ports, While others Will be used for E_Ports for cross 
connect links betWeen chassis. The S-stage embodiment is 
discussed further beloW in connection With addressing. 

[0066] SWitching NetWorks 

[0067] As previously discussed, the present invention pro 
vides sWitching netWorks having different numbers of stages 
and ports. As an example, the sWitching netWork of FIG. 12 
Will be described, including its component parts shoWn in 
detail in FIGS. 14-18. As a further example, the sWitching 
netWork of FIG. 13 Will be described. The FIG. 13 netWork 
is built up from four of the netWorks of FIG. 12, Which are 
also referred to as quadrants. 

[0068] The netWork of FIG. 12 includes four ASICs 50, 
Which are described in greater detail beloW. Each ASIC 50 
has 4 link ports 52. In addition, each ASIC has four ports 
(not numbered) going out to the connectionless backplanes. 
60. Actually, as described in detail beloW, there are four 
connectionless backplanes, and for simplicity they are 
grouped as element 60. Reference number 70 is the external 
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connectionless serial crossbar, Which serves as the connec 
tionless fabric. As shoWn, each ASIC 50 has four bidirec 
tional ports going to and from external connectionless serial 
crossbar 70. In addition, each ASIC 50 has a its sWitch port 
connected via connection 72 for programming the connec 
tionless serial crossbar 70. This is used for long-lived 
connections. There is no counterpart for that for the con 
nectionless backplanes 60, because those logical connec 
tions are done on a frame by frame basis. 

[0069] Microprocessor 80 connects to each of the ASICs 
50 by shared bus 82. It Will be understood that micropro 
cessor 80 includes the usual supporting subsystems such as 
static RAM, ?ash RAM, PROM memory, a UART and 
connector, and an Ethernet controller and connectors, but for 
simplicity these have not been shoWn in the ?gure. The 
microprocessor 80 is the heart of the internal fabric control 
ler 16 of FIG. 1, and its function Will be described beloW. 

[0070] ASIC SWitch Module 

[0071] An ASIC 50 from FIG. 12 is shoWn in greater 
detail in FIG. 14. It includes four FPORT circuits 51 
(FPORTO through FPORT3), four BPORT circuits 56 
(BPORTO-BPORT3); a CPORT 57; and SPORT 58; and a 
connectionless crossbar, or packet sWitch, 55. These com 
ponents are described in greater detail beloW With reference 
to FIGS. 15-18. 

[0072] Each of the FPORTs has four F_Ports, Which are 
labelled the O-port, R-port, T-port and I-port. The R-port and 
the T-port (receive, transmit) connect as the input and output 
ports of the actual Fibre Channel link. The O-port and the 
I-port go as inputs and outputs to the class 1 crossbar 70 
Which is on the circuit board in FIG. 12. 

[0073] The BPORTs connect to crossbar 55 and also 
connect to/from frame buses 0-3 Which connect to the 
connectionless backplane 60 of FIG. 12. 

[0074] CPORT (control port) 57 connects to/from the 
microprocessor bus 82. SPORT (sWitch port) 58 is con 
nected via bus 59 to each of the FPORT circuits 51. SPORT 
58 also connects externally of the ASIC 50 to control bus 72 
to the crossbar 70 of FIG. 12. 

[0075] Crossbar, or packet sWitch 55 selectively connects 
to the FPORTs, the BPORTS, the CPORT and the SPORT 
and is used for transmitting connectionless class 2 and 3 
frames Within ASIC 50. Note that crossbar 55 is separate 
from the crossbar 70 of FIG. 12. Crossbar 55 is Within ASIC 
50; crossbar 70 is at the board level interconnecting a 
number of ASICs 50. 

[0076] An FPORT 51 circuit is shoWn in greater detail in 
FIG. 15. The connections to/from circuit 51 Which are 
shoWn in FIG. 14 are labelled accordingly in FIG. 15. 
Frames received from the Fibre Channel link are received by 
Link Receiver 152, Which connects to De-Intermix block 
152. One output of De-Intermix block 152 connects to Class 
1 Transmitter 153, Which connects out the O Port to the 
Class 1 connection crossbar 70 of FIG. 12. Another output 
of De-Intermix block 152 connects to Receive Buffer 154 
and Intermix block 155. Transmit buffer 156 and Intermix 
buffer 163 also connect to Intermix block 155. The output of 
Intermix block 155 connects to Link Transmitter 161, Which 
connects to the Fibre Channel link through the T Port. The 




















