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1. A fabric system connecting a plurality of fabric

groups into a plurality of stages between terminal nodes and
performing exchange of variable length frame, said fabric
comprising:

assignment signal transmitting means for
transmitting an assignment signal fixedly assigned an
identifier per port connected to other fabrics;

identifier assigning means for receiving said
assignment signal transmitted from other fabric and
assigning identifier determining own identifier according
to a predetermined rule on the basis of said assignment
signal;

configuration information transmitting means
transmitting a configuration information indicative of

correspondence of identifiers of the fabrics connected to

the ports;
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retrieval information preparing means for
preparing a retrieval information for determining a fabric
of transfer destination of the received frame per port and
a port number on the basis of the identifier of each fabric
and said configquration information; and

transfer destination determining means for
determining the transfer destination of said frame on the

basis of said retrieval information.
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FABRIC SYSTEM AND METHOD FOR ASSIGNING IDENTIFIER

FOR FABRIC APPARATUS THEREFOR

R TH E
of e venti

The present invention relates generally to a
fabric system constructed with a plurality of fibre channel
fabric apparatus. More particularly, the invention relates
to a system construction method upon multi-connecting of
fabrics and an identifier assigning method dividing
addresses between a plurality of ports upon multi~connection
and determining delivery destination at high speed upon
establishing multi-connection.

Description of the Related Art

Conventionally, in this type of technology, upon
establishing connection between a plurality of fibre channel
fabric devices, an identification information is
individually set for each fibre channel fabric device
according to its connection.

In the foregoing prior art, upon establishing
connection of a plurality of fibre channel fabric devices,
the identification information has to be set individually
for each fibre channel fabric device. Therefore, setting
of the identification information has been quite
troublesome.

On the other hand, in the conventional fibre
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channel fabrics, realizing of fabrics connecting a
plurality of terminal nodes with one device has been
difficult for necessity of quite high performance and
expensive fabrics.

Furthermore, since sufficient E_Ports used for
connection between the fibre channel fabrics are not
provided, a problem has been encountered in occurrence of
blocking and routing performance being not enhanced.

Upon establishing connection b»tween a plurality
of fibre channel fabrics, it is possible to establish
connection by exchanging service parameter, as disclosed in
Japanese Unexamined Patent Publication No. Heisei 8-249263.
However, it is not possible to achieve sufficient performance

by difference of the parameter.

SUMMARY OF THE INVENTION

A first objection of the present invention is to
propose a fabric system and an identification information
assigning method therefor for automatically setting an
identification information of each fibre channel fabric
device upon establishing connection between a plurality of
fibre channel fabric devices.

A second object of the present invention is to
propose a fabric system and an identification information
assigning method therefor for significantly reducing load
on management, such as externally and individually setting

configuration information by performing intervention
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between connected devices and autonomously collecting and
establishing configuration information.

A third object of the present invention is to
propose a fabric system an identification information
assigning method therefor, by realizing improvement of
performance as whole system by sharing particular operation
of the terminal nodes during delivery of the frame between
connected fibre channel fabric devices and by reducing load
of respective devices.

According to the first aspect of the invention,
a fabric system connecting a plurality of fabric groups into
a plurality of stages between terminal nodes and performing
exchange of variable length frame, the fabric comprises

assignment signal transmitting means for
transmitting an assignment signal fixedly assigned an
identifier per port connected to other fabrics,

identifier assigning means for receiving said
assignment signal transmitted from other fabric and
assigning identifier determining own identifier according
to a predetermined rule on the basis of said assignment
signal,

confiquration information transmitting means
transmitting a configuration information indicative of
correspondence of identifiers of the fabrics connected to

the ports,

retrieval information preparing means for

Tpreparing a retrieval information for determining a fabric
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of transfer destination of the received frame per port and
a port number on the basis of the identifier of each fabric
and the configuration information, and

transfer destination determining means for
determining the transfer destination of the frame on the
basis of the retrieval information.

In the preferred construction, transmission of an
identifier assignment signal by the assignment signal
transmitting means and reception of the assignment signal
from the identifier assignment means and assignment of the
identifier are repeated until the identifiers are assigned
for all fabrics.

In another preferred construction, cne of the
fabrics connected to a terminal node is taken as a master
fabric, the master fabric has an identifier as an initial
value, upon assignment of the identifier, initially, a fixed
identifier is assigned per port.

In another preferred construction, the fabric
system may comprise a first stage fabric group connected to
one terminal node, a third stage fabric group connected to
the other terminal node, and a second stage fabric group
connecting the first stage and third stage fabric groups.

In another preferred construction, the fabric
system may comprise a first stage fabric group connected to
one terminal node, a third stage fabric group connected to
the other terminal node, and a second stage fabric group

connecting the first stage and third stage fabric groups,
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one of the first stage or third stage being taken
as master fabric having an identifier as an initial value;

next, the assignment signal being transmitted from
the second fabric group, and

finally, sad assignment signal being transmitted
from the fabric other than the maser fabric.

In another preferred construction, the transfer
destination determining means of the fabric comprise

storage means for storing own identifier,
retrieval information storage means for storing the
retrieval information,

comparing means for comparing the identifier of
the received frame and the identifier of the storage means
per se, and

selecting means for selecting a port number
included in the received frame as a port number of the transfer
destination when the identifiers are matched as a result of
comparison by the comparing means and the retrieval
information is retrieved by the port number included in the
received frame to select the port aumber of the transfer
destination when the identifiers are not matched.

In another preferred construction, one of fabrics
connected to terminals nodes as a mastering fabric,

the mastering fabric

has an identifier as an initial value,

transmits the assignment signal assigning a fixed

identifier per port, at first, upor assigning the identifier;
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collects identifiers of all fabrics after completion of
assignment of identifiers, prepares a conversion table
converting the identifiers into second identifiers having
smaller data length to distribute for all fabrics,

the fabrics distributed for the conversion table

prepare retrieval information for determining
fabrics of transfer destination of the received frame per
port and port number on the basis of the conversion table
and the configuration information.

According to the second aspect of the invention,
an identifier assignment method per each fabric in a fabric
system connecting a plurality of fabric group into a
plurality of stages between terminal nodes for exchanging
variable length frame, comprising the steps of:

in the fabric,

transmitting an assignment signal assigning a
fixed identifier per port connected to other fabrics,

receiving the assignment signal transmitted from
other fabric and assigning identifier determining own
identifier according to a predetermined rule on the basis
of the assignment signal,

transmitting configuration information
corresponding to identifier of the fabric connected to the
port, and

preparing a retrieval information for determining
the fabric of transfer destination of the received frame per

port and the port number on the basis of the identifier of
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each fabric and the configuration information.

In the preferred construction, transmission of the
identifier assignment signal, reception of the assignment
signal and assignment of identifier are repeated until the
identifiers are assigned for all fabrics.

In another preferred construction, taking one of
fabrics connected to the terminal node as a mastering fabric
having an identifier as an initial value, the mastering
fabric transmits the assignment signal assigning fixed
identifier per port at first, upon assigning the identifier.

In another preferred construction,

a first stage fabric group connected to one
terminal node,

a third stage fabric group connected to the other
terminal node, and

a second stage fabric group connecting the first
stage and . .rd stage fabric groups,

one of the first stage or third stage being taken
as master fabric having an identifier as an initial value;

next, the assignment signal being transmitted from
the second fabric group, and

finally, sad assignment signal being transmitted
from the fabric other than the maser fabric.

In another preferred construction,

each fabric

compares the identifier of the received frame and

own identifier, and
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selects a port number included in the received
frame as a port number of the transfer destination when the
identifiers are matched as a result of comparison by the
comparing means and the retrieval information is retrieved
by the port number included in the received frame to select
the port number of the transfer destination when the
identifiers are not matched.

In another preferred construction, one of fabrics
connected to terminals nodes as a mastering fabric having
an identifier as an initial value,

the mastering fabric

transmits the assignment signal assigning a fixed
identifier per port, at first, upon assigning the identifier;
collects identifiers of all fabrics after completion of
assignment of identifiers, prepares a conversion table
converting the identifiers into second identifiers having
smaller data length to distribute for all fabrics;

the fabrics distributed for the conversion table

prepere retrieval information for determining
fabrics of transfer destination of the received frame per
port and port number on the basis of the conversion table
and the configuration information.

According to another aspect of the invention, a
computer readable memory storing a computer program
performing assignment of identifier per each fabric in a
fabric system connecting a plurality of fabric group into

a plurality of stages between terminal ncdes for exchanging
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variable length frame, the computer program comprising the
steps of:

in the fabric,

transmitting an assignment signal assigning a
fixed identifier per port connected to other fabrics,

receiving the assignment signal transmitted from
other fabric and assigning identifier determining own
identifier according to a predetermined rule on the basis
of the assignment signal,

transmitting configuration information
corresponding to identifier of the fabric connected to the
port, and

preparing a retrieval information for determining
the fabric of transfer destination of the received frame per
port and the port number on the basis of the identifier of
each fabric and the configuration information.

Other objects, features and advantages of the
present invention will become clear from the detailed

description given herebelow.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will be understood more
fully from the detailed description given herebelow and from
the accompanying drawings of the preferred embodiment of the
present invention, which, however, should not be taken to
be limitative to the invention, but are for explanation and

understanding only.
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In the drawings:

Fig. 1 is a hart showing a connection of the first
embodiment of a fabric system according to the present
invention, which fabric system is consisted of six 4-port
fabrics.

Fig. 2 is a block diagram showing a construction
of the 4-port fabric ~ccording to the present invention;

Fig. 3 is a block diagram showing a construction
of an output buffer demanding portion in Fig. 1;

Fig. 4 is a flowchart showing a process for
determining a transfer destination port;

Fig. 5 is a block diagram showing a construction
of an identifier assigning portion according to the present
invention;

Fig. 6 is a flowchart showing a procedure of a SID
asaignment upon establishing of the fabric system;

Fig. 7 is a flowchart showing a procedure after
identifier assignment subsequent to SID assignment upon
establishing of the fabric system;

Fig. 8 is a chart showing an example of format of
the fibre channel frame;

Fig. 9 is an illustration showing an example of
format of SIS;

Fig. 10 is an illustration showing a process for
performing STD assignment in the case that a fabric 21 is
MF, in the fabric system of Fig. 1;

Fig. 11 is an illustration showing SIS received
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by a fabric 22, in the fabric system of Tig. 1;

Fig. 12 is an illustration showing a connection
information obtained by a fabric 23 in the fabric system of
Fig. 1;

Fig. 13 is an illustration showing a SID-FID
conversion table in the fabric system of Fig. 1;

Fig. 14 is a chart showing a retrieval table
prepared by the fabric 25 in the fabric system of Fig. 1;

Fig. 15 is an illustration showing a connection
of the second embodiment of the fabric system consisted of
twelve 8-port fabric according to the present invention;

Fig. 16 is an illustration showing a process
showing progress of SID assignment in the case where a fabric
103 is MF in the fabric system of Fig. 15;

Fig. 17 is an illustration showing received by a
fabric 102 in the fabric system of Fig. 15;

Fig. 18 is an illustration showing a connection
information obtained by a fabric 108 in the fabric system
£ Fig. 15;

Fig. 19 is an illustration showing a SID-FID
conversion table in the fabric system of Fig. 15;

Fig. 20 is a chart showing a retrieval table
generated by a fabric 109 in the fabric system of Fig. 15;

Fig. 21 is a block diagram showing the third
embodiment of a fabric system according to the present
invention;

Fig. 22 is an illustration showing a construction
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of a master fabric and a secondary fabric during
establishment of the third embodiment of the fabric system
according to the invention; and

Fig. 23 is an illustration showing a construction
of a fabric adjacent the secondary fabric during

establishment of the third embodiment of the fabric system.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The preferred embodiment of the present invention
will be discussed hereinafter in detail with reference to
the accompanying drawings. In the following description,
numerous specific details are set forth in order to provide
a thorough understanding of the present invention. It will
be obvious, however, to those skilled in the art that the
present invention may be practiced without these specific
details. 1In other instance, well-known structures aré not
shown in detail in order to unnecessary obscure the present
invention.

At first, a fabric system performing exchange of
variable length frame according to the present inventionwill
be briefly discussed. 1In the present invention, aconnecticn
of a fibre channel fabric device (hereinafter simply
referred to as "fabric") forming the fabric system requires
three-stage construction. When any of respective fabrics
have counterparts connected to ports, the fabrics has means
which can identify notes or fabrics.

Such three-stage construction is established by
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equally dividing the fabrics forming the fabric system into
an upper stage, an intermediate state and a lower stage.
Among the fabrics divided into three groups, the fabrics
belonging the upper stage and the lower stage are permitted
connection with the nodes. The fabrics in the intermediate
stage is not permitted to be connected to the node and are
only connected with the fabrics in the upper stage and the
lower stage.

Direct connection between the fabrics in the upper
stage and the lower stage is not permitted. On the other
hand, connection between the fabrics in the same group is

not permitted. The foregoingrules are summarized as follows

a) connection between fabrics in the same group
is inhibited;

b) fabrics in the upper stage and the lower stage
are only connected to the intermediate stage or node;

c) connection of the fabrics in the intermediate
stage to the node is inhibited; and

d) all fabrics in the intermediate stage are
connected to all fabrics in the upper stage and the lower

stage.

Connection between the fabrics is established in
such a manner that the fabric in the upper stage has to be
equally connected to respective fabrics in the intermediate

stage, similarly, the fabrics in the lower stage has to be
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equally connected to respective fabrics in the intermediate
stage. Whilemultiple connection can be established between
the same fabrics, it has to be guaranteed that multiple

connection between all fabrics are the same. The fabric
systemthis constructed becomes a non-blocking construction.

Furthermore, by selecting one from fabrics in the
upper stage or the lower stage connected as set forth above,
a master fabric (hereinafter referred to as iiF) has to be
set. The fabric directly connected to the MF is referred
to as secondary fabric (hereinafter referred to as SF).
Among fabrics directly connected to the SF except for the
MF will be referred to as third fabric (hereinafter referred
to as TF).

Next, discussion will be given for procedure of
obtaining connection.

At a timing completing all connection, the MF
initiates obtaining of configuration information of the
fabric system. At the same, for all fabric, unique switch
identification numbers (hereinafter referred to as SID") are
set. Assignment of SID is performed in the following

procedure.

a) The MF transmits a unique SID assignment signal
(hereinafter referred to as SIS) for each port with respect
to all port, to which the fabrics are connected.

b) The fabric receiving the own SIS determines SID

on the basis of a given rule from all of received SIS's.
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c) On the basis of the own SID of the fabric, the :

unique SIS is transmitted per each port for all ports

connected to the fabrics.
d) In the SIS, the SID of the transmission side !

5 is included.
e) The MF maintains SID provided as the initial i

value.

After repeating the foregoing procedure for a
10 given period or a given number of times, transmission of the
SIS is stopped to restrict variation of the SID. By
restriction of variation of the SIS, connection information E
of all ports of the fabric is fixed. Then, each fabric ‘
transfers the own connection information to all of the
15 adjacent fabrics.
PN The fabrics located in the upper stage and the lower -

stage and whereby permitted to be connected with the node,

@
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establish configuration information of the fabric system
based on the connection information transferred from the
e 20 adjacent fabrics.
Then, the MF creates a SID-FID conversion table
— showing correspondence to the SID and a fabric identifier
(bereinafter referred to as FID) on the basis of the
0% connection information transferred from the SF. The
e 25 conversion table is delivered to all fabrics in the fabric
system through the SF. By this, all fabrics can obtain FID

of the ddjacent fabrics from the SID-FID conversion table. ;
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The FIDs form base of node identifier (hereinafter
referred to as NID) to be assigned for the nodes connected
to the fabrics. Here, the NID is consisted of the FID and
a port identifier of the fabric (hereinafter referred to as
LID). By obtaining the FID, all fabric completes generation
of a routing information and completes autonomous obtaining
and establishing of configuration information.

Next, division of the address will be explained.

The FID corresponds to Area_ID for 8 bits and
Domain_ID for 8 bits for setting a common value in the fabric
system among 24 bits of address to be assigned for each port
to realize division of the address as the fabric system. A
Port_ID of the remaining 8 bits among 24 bits of address
corresponds to a port number of each fabric.

Next, procedure of the routing will be explained.

In the fabric system, the fabric of the upper stage
and the lower stage extract an FID portion from the NID (=
D _ID) indicative of transfer destination of the frame
transmitted from the node and makes judgment whether the
extracted FID matches with the own FID. When the extracted
FID matches with the own FID, a port to be transmitted from
the LID (= Port ID) is specified and delivered. If not
matched, the fabric of the intermediate stage is delivered
for its own judgment. On the other hand, the fabric of the
intermediate stage is connected to all fabrics of the upper

stage and the lower stage, determines the port for delivery

" on the basis of the connection information and the FID in
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the NID (= D_ID) to transfer frame.

next, the first embodiment of the fabric system
according to the present invention will be discussed in
detail with reference to the accompanying drawings.

A construction of the first embodiment of the
fabric system of the present invention is illustrated in Fig.
1. Referring to Fig. 1, the shown embodiment of the 8-port
fabric system is constructed by connecting six 4-port fibre
channel fabric (hereinafter simply referred to as fabric)
11 to 16. The fabric system is a three-stage construction
consisted of an upper stage fabric group 11, an intermediate
stage fabric group 12 and a lower stage fabric group 13. The
upper stage fabric group 11 is consisted of fabrics 21 and
22. The intermediate stage fabric group 12 is consisted of
fabrics 23 and 24. The lower stage fabric group 13 is
consisted of fabrics 25 and 26.

The fabric 21 has ports 2la, 21b serving as F_port
and ports 21c and 21d serving as E_port. The fabric 22 has
ports 22a and 22b serving as F_port and ports 22c and 22d
serving as E_port. The fabrics 23 and 24 have ports 23a to
23d and ports 24a to 24d respectively serving as E_port. The
fabric 25 has ports 25a and 25b serving as E _pors and 25c
and 25d serving as F port. On the other hand, the fabric
26 has ports 26a and 26b serving as E_port and ports 26c and
26d serving as F_port.

Here, the E_port of the fabric is a word in a fibre

channel standard representative of port to be used for
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connection between the fabrics. BAlso, the F_port of the
fabric is a word in the fibre channel standard
representative of port to be used for connection with the
node.

Furthermore, the upper stage fabric group 11 is
connected to node group 31 as aggregate of nodes. The lower
stage fabric group 13 is connected to node group 32 as
aggregate of nodes.

Here, detailed discussion will be given with
respect to a construction of a fibre channel fabric forming
the foregoing fabric system.

As shown in Fig. 2, respective fabrics 21 to 26
have ports 4la to 41d. Each port is constituted of a fibre
channel interface control portion 44 connected toa terminal
node or other fabric and performing a protocol control of
the fibre channel , an input data buffer portion 44
temporarily storing a frame received from the terminal node
or other fabric, an output buffer demand portion 47
determining an output destination of the input frame and an
output data buffer portion 46 for temporarily storing frame
to be output.

On the other hand, each fabric 21 to 26 is
constructed with a switching element 42 transferred the frame
data from the input data buffer portion 45 to the output data
buffer portion 46, a convergence management portion 43
monitoring load on the switch element and controlling

convergence, a frame generating portion 51 for outputting
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an arbitrary frame, a frame receiving portion 52 holding the
arbitrary frame within the fabric without transferring for
making reference to, and an identifier assigning portion 53
for performing assignment of identifier for the fabric device
in the fabric system utilizing the foreqgoing means or
components.

The fibre channel interface control portion 44 is
means performing a protocol control by a communication system
based on the fibre channel standard. The fibre channel
interface control portion 44 outputs the data input from the
fibre channel interface to the input data buffer portion
45 and outputs data input from the output data buffer portion
46 to the fibre channel interface.

The input data buffer portion 45 is means for
temporarily storing the input data from the fibre channel
interface.

The detailed construction of the output buffer

demanding portion 47 is illustrated in Fig. 3. The output

buffer demanding portion 47 is constructed with a transfer "

destination determining portion 61, a transfer destination
port number register 62 and a buffer control portion 63.

A 3-byte D_ID filed among a frame header of the
fibre channel frame shown in Fig. 8, input from the input
data buffer portion 45, send inquiry for determining transfer
destination to the transfer destination determining portion
61, demands and obtain the output buffer of the transfer

destination port determined per frame data and commands for
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the input data buffer portion 45 for transferring to the
switch element 42. Here, D_ID field is the field designating
the address upon frame transfer in the fibre channel
standard.

The transfer destination determining portion 61
has an own FID register 66 holding an identifier FID of an
own fabric device. The transfer destination determining
portion 61 further includes a D_ID register 65 temporarily
storing 3 byte D_ID filed in the frame header input from the
output buffer demanding portion 47, a retrieval table 68 for
determining the transfer destination, a comparing portion
67 comparing the FID extracted from the D_ID filed and the
FID of the own FID register 66, and a selecting portion 69
selecting a port number in the fabric device to be the transfer
destination of the frame data with reference to the retrieval
table 68 with taking the value of D_ID register as key.

The selector portion 69 outputs the port number
within the fabric device to be the transfer destination of
the frame data to the transfer destination port number
register 62, demands and obtains the output buffer of the
tran~€er destination port determined per frame data to and
from the convergence management portion 43, and commands
transfer to the switch element to the input data buffer
portion 45.

A determining method of the por* number in the
fabric as the transfer destination by the transfer

determining portion 61 is executed on the basis of the
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following procedure. This procedure will be discussed with
reference to the flowchart of Fig. 4.

At first, the D_ID field of the received fibre
channel frame data is received from the input data buffer
portion 45 to store in the D_ID register 65 (step 401).

Next, the FID portion is extracted from -he D_ID
field and is compared with the FID of the own FID register
66 (step 402).

When the FIDportionextracted fromtheD_ID field
and is matched with the FID of the own FID register 66, the
Port ID field of the D_ID field is determined as the transfer
destination of the input frame data (step 403).

When the FID portionextracted fromtheD ID field
and is not matched with the FID of the own FID register 66,
the port number obtained through retrieval of the retrieval
table 68 is determined as the transfer‘destination of the
input frame data with taking the FID extracted from the D_ID
field as key (step 404). Then, the frame data is output to
the determined transfer destination portion (step 405).

The output data buffer portion 46 is designed for
temporarily store the frame data transferred from the input
data buffer portion 45 through the switch element 42 and
inputting the stored data to the fibre channel interface
control portion 44.

The convergence management portion 43 makes
judgment whether the output data buffer portion 46 can be

used or not on the basis of the port number in the fabric

e 2

¢ gt v e s e s

;::“{ -

‘Jb‘iiiv




10

15

20

25

- 22 -

of the transfer destination as the output of the transfer
destination determining portion 61 to output response to the
buffer demand from the output demanding portion 47.

The frame generating portion 51 is designed so that
the fabric device generates the arbitrary frame for
transritting and the generated frame is transmitted to the
connected terminal node or other fabric device via the fibre
channel interface control portion 44.

The frame receiving portion 52 is: :ans for taking
and reading the frame transmitted from the terminal node or
other fabric device connected via the fibre channel
interface control portion 44.

The identifier assigning portion 53 includes a
three-stage connection information storage portion 53a
storing three-stage connection information of the fabric
device, the SID storage portion 53b holding the SID, the SID
storage portion 63c for storing SID of the transmission side
of the SIS required per E_Port of the fabric device, a
conversion table storing portion 63d for storing the
conversion table from SID and FID, and an adjacent connection
information storage portion 53e for storing connection
information of the adjacent fabric device. Also, the
identifier assigning portion 53 includes an assignment
control portion 53f performing process control of the
identifier assignment.

An identifier assignment method can be realized

for simplification of the process by specifying connection
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of the febric device in the fabric system to three-stage
constructicn. In the three-stage construction, the fabrics
forming the foregoing fabric system are equally divided inte
three groups, in which one group is taken as the intermediate
fabric group 12 all port thereof being E_Ports, and remaining
two groups are taken as upper stage and lower stage fabric
groups 11 and 13 equally dividing all ports into E_Ports and
F_Ports. Connection between respective fabric devices is
performed between E_Ports and is established according to
the following rules.

a) Connection La2tween the fabrics in the same
fabric group is not established.

b) All of the fabrics in the upper stage fabric
group are connected to the fabrics in the intermediate stage
fabric group.

c) All of the fabrics in the lower stage fabric
group are connected to the fabrics in the intermediate stage
fabric group.

d) All of the fabrics in the intermediate stage
fabric group are conrected to the upper stage fabric group,
and to the lower stage fabric group.

e) Among the fabric device in the upper stage fabric
group and the lower stage fabric group, only one master fabric
device (MF) is set.

The process in the identifier assignment portion
53 is divided into two stages. As the former stage, obtaining

configuration information is perfcrmed. As the later stage,
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assignment of identifier is performed.

The former process for obtaining the configuration
information is performed in the following procedure.

a) The MF has an initial value of the switch
identification number (hereinafter referred to as SID).

b) The fabric device transmits the unique SID
assignment signal (SIS) as a particular frame data per all
E Port via the frame generating portion 51, n the basis of
the SID when the SID of the own fabric device is held.

c) The fabric receiving the SIS via the frame
receiving portion 52 determines the own SID on the basis of
the given rule from received all of SIS and holds. At the
same time, the SID indicative of the transmission side fabric
of SIS per received E_Port.

d) The foregoing process of a) to c) are repeated
for a given period or a given number of times.

A process of obtaining the configuration
information will be discussed hereinafter with reference to
the flowchart of Fig. 6. When the own fabric is MF (step
601), the MF sets SID as the initial value (step 602).

Subsequently, since end condition is not satisfied
(step 605), the MF transmits the SIS from all of the E_Ports
(step 606).

The fabric receiving the SIS (step 603) determines
own SID according to the given rule based on all of received
SIS and holds the same. At the same time, per received E_Port,

SID representative of the trancanission side fabric of SIS

g
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is received (step 604). The foregoing process is repeated
for the given period or the given number of times set as the
end condition.

Subsequently, process of assignment of the
identifier will be discussed with reference to the flowchart
of Fig. 7.

After completion of assignment of the SID, each
fabri~ device transmits connection information indicative
of correspondence of the SID of the destination fabr.c
devices of connection of all E_Port with respect to all fabric
device (step 701). Because of the three stage construction,
the MF collects all SID in the fabric system from a
construction table of the SF, and creates the conversion
table for converting SID into FID which corresponds to SID
in one-by-one basis (step 702). Then, the conversion table
is distributed to all fabric devices forming the fabric
system through the SF (step 703).

All fabric Jevices determines fabric for
transferring the frame Lo the terminal node not matching with
the own FID from the SID-FID conversion table and connection
table, to create the retrieval table (routing information)
required in the transfer destination determining portion 61,
and to complete establishment of the fabric system by setting
for the retrieval table 68 (step 704).

When the terminal node is connected to the fabric
device in the fibre channel system, the terminal node

receives "Address Identifier" as the identifier for
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identifying the terminal node per se by fabric log-in. The
identifier of the terminal node uses the value of D_ID field
designating the transfer destination of the fibre channel
frame. Assignment of the terminal node identifier is
authorized to the fabric. The setting method of the terminal
node identifier is determined correspondence with the
retrieval table of the transporting destination
determination means by setting combination of the FID
determined by the identifier assignment portion 53 of the
fabric device and the port number of the fabric.

In the present invention, when the received fibre
channel frame is not the transfer destination, the transfer
destination is determined by the retrieval table 68.
Therefore, file the connection structure is fixed to three
stage, in communication between the terminal nodes, the path
to pass the frame can be modified freely. On the cther hand,
since the retrieval table 68 can be set per port, it becomes
possible to distribute load in order to avoid concentration
of the load to the particular path by modifying and adjusting
setting.

Furthermore, in the present invention, it should
be obvious to expand the 4-port construction shown in Fig.
1 by modifying the convergence control portion and the switch
element.

In the shown embodiment, as shown in Fig. 9, a
format of the SIS is set as a value of 4 byte for dividing

the field per one byte. When the SIS is handled as the value
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of 4 byte to match with SID as is.

The initial value of the SID which only MF has is
a hexadecimal number "01000000h". Namely, the value "1" is
set only for the MF field, and the value "0" is set forth
other field. When value, in which the port number beginning
from 1 is set in the SF field when the MF outputs SIS, in
the TF field when the SF outputs the SIS, to the FF field
when the RF outputs the SIS.

Here, SF represents the fabric adjacent MF, TF
reprerents the fabric adjacent the fabric. However, the TF
does not include the MF.

Upon outputting the SIS, which of the MF, SF and
TF the own fabric corresponds can be judged by the lowermost
digit of the non-zero value of each field of the SID. On
the other hand, in “he shown embodiment, the updating
condition of the SID is set as the minimum value of all of
received SIS when the SID is handled as 4 byte value. On
the other hand, repeating condition of the SID assignment
procedure (end condition) is to perform SIS transmission up
to three times. Furthermore, the value corresponding to the
Domain_ID in 2 byte FID is fixed to "1", and Area_ ID is
assigned in sequential order from "1".

In the fabric system of Fig. 1, when the fabric
21 is set as the MF, the S3ID assignment procedure is progressed
as shown in Fig. 10.

Here, the fabric 22 (TF) is determined the SID on

the basis of the SIS transmitted by the fabrics 23 and 24




(SF). The value of the received SIS is as shown in Fig. 11.
Among this, since the minimum value is the value of SIS
transmitted by the fabric 23, the SID of the fabric is
determined as "01030200".

5 As set forth above, as a result of repetition of
the SIS transmission, the connection information is

completed in each fabric. The connection information is

correspondence table of the SID of the fabric connected to |

each E_Port. On the other hand, the SID of the connected
10 fabric is nothing but one, in which the lowermost digit of
the non-zero field of the finally received SIS per port is

modified to "0". The content of the connection information

of the fabric 23 of Fig. 1 is as shown in Fig. 12.
The fabric 21 (MF) receives connection information !

15 of the fabrics 23 and 24 (SF)to obtain SID of all fabrics

N

forming the fabric system.
The fabric 21 (MF) lines up obtained all SIDs in

abse ascending order to generate the SID-FID conversion table by

assigning FID (2 byte) in sequential order. Namely, in this
20 case, the SID-FID conversion table is as shown in Fig. 13. c

In the upper stage and lower stage fabrics 21, 22,

25 and 26, the internal port number of the output destination 3 }
F At to be set wit respect to the retrieval table 58 cannot be E,“
: set in straightforward manner. However, by uniformly

25 distributing the internal port number as the output g

g
1«

destination, the load of the overall fabric system can be

Mw‘."" made uniform. The retrieval table 58 of the fabric 25 is i
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shown in Fig. 14. In Fig. 14, the reception port 1 to 4
correspond to ports 25a to 25d of the fabric 25 and shows
the port receiving the fibre channel frame. For example,
it shows that when the frame data addressed to the fabric
21 (MF) of FID "0101" is received at the port "3" (25c), the
frame data is transferred to the port "1" (25a). It should
be noted that the figure in the parenthesis in Fig. 14
represents that the corresponding port number is
preferentially and fixedly assigned.

Next, the second embodiment of the present
invention will be discussed in detail with reference to Figs.
15 to 20.

As shown in Fig. 15, the fabric system of the shown
embodiment is constructed by connecting twelve 16 port
fabrics according to connecting fabric system to be connected
to sixty-four nodes. This fabric system is consisted of the
upper stage fabric group 91, the intermediate stage fabric
group 92 and the lower stage fabric group 93.

In the shown fabric system, different from the
first embodiment set forth above, a plurality of paths are
present in connection between the same fabrics. Other
matters, such as format of the SIS, the initial value of the
SID owned by the MF, the updating condition of the SID and
repetition procedure of the SID assignment are the same as
the first embodiment.

The procedure of the SID assignment in the case

where the fabric 103 is set as the MF is progressed as shown
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in Fig. 16.

Here, the fabric 102 determined the SID based on
the SIS transmitted by the fabrics 105 to 108 (SF). The value
of the received SIS is as shown in Fig. 17. BAmongst, the
minimum value is the value of SIS transmitted by the fabric
105. Therefore, the SID of the fabric 105 is determined to
be "01090300h".

As set forth above, as result of repetition of SIS
transmission, connection information is completed in each
fabric. The connection information is the correspondence
table of the SID of the fabric connected to the E_Port of
the fabric. On the other hand, the SID of the connected
fabric is nothing but one, in which the lowermost digit of
the non-zero field of the finally received SIS per port is
modified to "0". The content of the connection information
of the fabric 108 is as shown in Fig. 18.

The fabric 103 (MF) receives the connection
information of the fabric 105 to 108 (SF) and obtains the
SID of the all fabrics forming the fabric system.
Furthermore, the fabric 103 (MF) lines up the obtained all
SID in ascending order to assign the FID in sequential order
to create the SID-FID conversion table. In this case, the
SID-FID conversion table is shown in Fig. 19.

In the upper stage and Jower stage fabrics 101 to
104 and 109 to 112, from the connection information received
from all of the intermediate stage fabrics 105 to 108, the

internal port of the output destination set for the retrieval

S
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table 58 cannot be determined in straightforward manner.
However, by uniformly distributing the internal port number
as the output destination, the load of the overall fabric
system can be made uniform.

By preferentially assigning the output
destination port for the FID of the adjacent fabric, the
retrieval table 58 is created by the system distributing so
that the output destination port number can be uniformly used
over the entire system. On the other hand, in this discussion
of the operation, the retrieval table 58 is provided for each
port. The result of creation of the retrieval table n the
fabric 109 is shown in Fig. 20. It should be noted that the
figure in the parenthesis in Fig. 20 represents that the
corresponding port number is assigned preferentially and
fixedly.

By the present invention set forth above, upon
forming the fabric system, the configuration information is
not necessary to be set for each fabric. The reason is that
the confiquration information in the present invention can
be autonomously obtained.

On the other hand, it becomes unnecessary to
provide particular large scale fabrics. By applying for
relatively small scale fabric, large scale fabric system can
be established. kThe reason should be clear from the object
of the present invention.

Furthermore, upon constructing the fabric system,

in the communication between the terminal nodes, performance
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difference is hardly caused. The reason is, in communication
with the terminal node not connected to the same fabric,

number of fabrics is the same in any path, extreme performance
difference cannot be caused.

Next, the third embodiment of the fabric system
according to the present invention will be discussed.

Fig. 21 is ablock diagram showing the fabric system
in a condition constructed employing twelve fabrics
respectively having 32 ports. The fibre channel fabric
devices 201 to 212, connection paths 213 to 252 between the
fabrics, node groups 285 to 286 as aggregates of the nodes
connected to the fabric system, and connection paths 253 to
284 connecting the fabrics and respective nodes. On the
other hand, among fibre channel fabrics 201 to 212, 201 is
selected as MF. The fabrics 209 to 212 adjacent the MF become
SF. The fabrics 202 to 208 other than MF adjacent the SF
become TF. In Fig. 21, the connection paths 213 to 252
between the fabrics is illustrated as one path between the
same fabrics but four paths are present in practice.

Fig. 22 is a block diagram showing a manner where
the SIS is triggered for autonomously obtain the
configuration information in the fabric system, which is
constructed with the fibre channel fabric (MF) 201, the
fibre channel fabrics (SF) 209 to 212 and connection paths
291 to 306 between the fabric.

Fig. 23 is a block diagram showing a manner in the

case where the SIS for autonomously obtaining the
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configuration information in the fabric system from a
plurality of SFs, which includes the fibre channel fabrics
(SF) 209 to 212, the fibre channel fabrics (other than SF)
201-208 and connection paths 311 to 326.

Next, the operation in the shown embodiment of the
present invention will be discussed in detail.

In the constructional illustration of the fabric
system shown in Fig. 21, division of the fabrics into three
groups is performed so that the fabrics located in lateral
alignment may belong the same group. The fabric 201 (MF),
the fabrics 209 to 212 (SF) and fabrics 202 to 204 and 205
to 209 (TF) are divided in a manner set forth above. A timing
at which the SF and the TF can be detected as SF or TF, is
after initiation of SIS transmission by the MF.

As shown in Fig. 22, the fabric 201 (MF) issues
SIS through all ports in order to perform SID assignment for
the fabrics 209 to 212 (SF). As shown in Fig. 23, the fabrics
209 to 212 (SF) issues SIS from all ports in order to perform
SID assignment for the fabrics 202 to 204 and 205 to 208 (TF).
However, issuance of the SIS is performed until the fabric
209 to 212 (SF) receive the SID assignment.

Either in Figs. 22 and 23, issuance of the SIS is
performed in a direction shown by the connection passages
291 to 306 and 311 to 326 between the fabrics. On the cther
hand, as shown in Figs. 22 and 23, even when a plurality of
connection paths are present between the same fabrics, the

system may operate without causing any problem. In any case,
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each fabric recognizes the SID having highest preferential
order among all SID assigned, as own SID. In the shown
embodiment, the content of setting of the preferential order
will be discussed hereinafter.

a) When assignments are given from different
sources, preference of the SID is given for those assigned
by MF, SF and TF in sequential order.

b) When the levels of the sources of assignment
are the same (assignments are given from a plurality of SF
or aplurality of TF), preference is given for the SID assigned
to the fabric at which the assignment source of the SID is
minimum.

c) When assignments are given from the same
assignment source, the minimum SID among those assigned is
given highest preference to make own SID.

After repeating issuance of SIS and SID
determination for 10 seconds, all fabrics stop issuance of
the SIS, restrict variation of the SIS, and determine the
SID at that time as own SID, and then variation is inhibited.

After fixing of the SIDs, each fabric delivers the
connection information indicative of connection of the ports
and the fabrics, to all of the adjacent fabrics. Furthermore,
the fabric 201 (MF) obtains the SID of all fabrics in the
fabric system from the connection information derived to the
fabrics 209 to 212 (SF). Based of the obtained SID, the
conversion table from original SID into FID is generated.

Upon conversion into the FID, the MF and the TF are

,w..‘.u_‘WA._w.u._.‘4,,‘,
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preferentially assigned and the SF is given lower preference

to perform conversion with low preferential order.

The fabric 201 (MF) delivers the SID-FID
conversion table thus prepared to all of the fabrics 209 to
212 (SF). Then, all of the fabrics 209 to 212 delivers the
conversion table to adjacent fabrics .

By this, to all fabrics in the fabric system, the
fabric receiving the SID~FID conversion table generates the
retrieval table (routing information) to make kind uniform.

As can be clear from the discussion set forth above,
by the present invention, when a plurality of fabrics are
connected, a large scale fabric systemwith small performance
loss can be easily established.

It should be noted that the identifier assignment
method to the fabric device in the shown embodiment of the
fabric system can be realized by hardware construction of
the frame generating portion 51, the frame receiving portion
52mthe identifier assignment portion 53 and other functions .
However, it is also possible to realized by loading the
programs having respective functions in the memory of the
computer processing system. The computer program may be
stored in a magnetic disk, a semiconductor memory and other
storage medium. Then the programs are loaded to the computer
processing system to control the operation of the computer
processing system to realize the foregoing functions,
respectively.

Although the present invention has been
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illustrated and described with respect to exemplary

embodiment thereof, it should be understood by those skilled
in the art that the foregoing and various other changes,
omissions and additions may be made therein and thereto,
without departing from the spirit and scope of the present
invention. Therefore, the present invention should not be
understood as limited to the specific embodiment set out
above but to include all possible embodiments which can be
embodied within a scope encompassed and equivalents thereof

with respect to the feature set out in the appended claims.
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The claims defining the invention are as follows:
WHAP—F5—CRATMED—H:

1. A fabric system connecting a plurality of fabric
groups into a plurality of stages between terminal nodes and
performing exchange of variable length frame, said fabric
comprising:

assignment signal transmitti:iig means for
transmitting an assignment signal fixedly assigned an
identifier per port connected to other fabrics;

identifier assigning means for receiving said
a.signment signal transmitted from other fabric and
assigning identifier determining own identifier according
to a predetermined rule on the basis of said assignment
signal;

configuration information transmitting means
transmitting a configuration information indicative of
correspondence of identifiers of the fabrics connected to
the ports;

retrieval information preparing means for
preparing a retrieval information for determining a fabric
of transfer destination of the received frame per port and
a port number on the basis of the identifier of each fabric
and said configuration information; and

transfer destination determining means for
determining the transfer destination of said frame on the

basis of said retrieval information.
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2. A fabric system as set forth in claim 1, wherein
transmission of an identifier assignment signal by said
assignment signal transmitting means and reception of said
assignment signal from said identifier assignment means and
assignment of the identifier are repeated until said

idencifiers are assigned for all fabrics.

3. A fabric system as set forth in claim 1, wherein
one of said fabrics connected to a terminal node is taken
as a master fabric, said master fabric has an identifier as
an initial value, upon assignment of said identifier,

initially, a fixed identifier is assigned per port.

4, A fabric system as set forth in claim 1, which
comprises

a first stage fabric group connected to one
terminal node;

a third stage fabric group connected to the other
terminal node; and

a second stage fabric group connecting said first

stage and third stage fabric groups.

5. A fabric system as set forth in claim 1, which
comprises

a first stage fabric group connected to one

terminal node;

a third stage fabric group connected to the other
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terminal node; and

a second stage fabric group connecting said first
stage and third stage fabric groups,

one of said first stage or third stage being taken
as master fabric having an identifier as an initial value;

next, said assignment signal being transmitted
from said second fabric group, and

finally, sad assignment signal being transmitted

from the fabric other than the maser fabric.

6. A fabric system as set forth in claim 1, said
transfer destination determining means of said fabric
comprises:

storage means for storing own identifier;
retrieval information storage means for storing said
retrieval information;

comparing means for comparing the identifier of
the received frame and the identifier of said storage means
per se; and

selecting means for selecting a port number
included in said received frame as a port number of the
transfer destination when the identifiers are matched as a
result of comparison by said comparing means and said
retrieval information is retrieved by the port number
included in said received frame to select the port number
of the transfer destination when the identifiers are not

matched.
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7. A fabric system as set forth in claim 1, wherein

one of fabrics connected to terminals nodes as a
mastering fabric,

said mastering fabric

has an identifier as an initial value,

transmits said assignment signal assigning a fixed
identifier per port, at first, upon assigning said
identifier;

collects identifiers of all fabrics after
completion of assignment of identifiers, prepares a
conversion table converting said identifiers into second
identifiers having smaller data length to distribute for all
fabrics;

said fabrics distributed for said conversion table

prepare retrieval information for determining
fabrics of transfer destination of the received frame per
port and port number on the basis of said conversion table

and said configuration information.

8. An identifier assignment method per each fabric
in a fabric system connecting a plurality of fabric group
into a plurality of stages between terminal nodes for
exchanging variable length frame, comprising the steps of:
in said fabric,
transmitting an assignment signal assigning a

fixed identifier per port connected to other fabrics;
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receiving said assignment signal transmitted from
other fabric and assigning identifier determining own
identifier according to a predetermined rule on the basis
of said assignment signal;

transmitting configuration information
corresponding to identifier of the fabric connected to the
port; and

preparing a retrieval information for determining
the fabric of transfer destination of the received frame per
port and the port number on the basis of the identifier of

each fabric and said configuration information.

9. An identifier assignment method in the fabric

system as set forth in claim 8, wherein transmission of the
identifier assignment signal, reception of said assignment
signal and assignment of identifier are repeated until the

identifiers are assigned for all fabrics.

10. An identifier assignment method in the fabric
system as set forth in claim 8, wherein

taking one of fabrics connected to the terminal
node as a mastering fabric having an identifier as an initial
valuoe,

said mastering fabric transmits said assignment
signal assigning fixed identifier per port at first, upon

assigning said identifier.
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11. An identifier assignment method in the fabric
system as set forth in claim 8, wherein
a first stage fabric group connected to one
terminal node;
5 a third stage fabric group connected to the other

terminal node; and

a second stage fabric group connecting said first

B

stage and third stage fabric groups,
one of said first stage or third stage being taken
10 as master fabric having an identifier as an initial value; l
next, said assignment signal being transmitted
from said second fabric group, and
finally, sad assignment signal being transmitted

from the fabric other than the maser fabric.

it
12. An identifier assignment method in the fabric
] system as set forth in claim 8, wherein
, B
% 2 .
[ each fabric
N IS
g e, compares the identifier of the received frame and
: o . i
1 Nt 5 own identifier, and
selects a port number included in said received
frame as a port number of the transfer destination when the b )
I
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ot identifiers are matched as a result of comparison by said ot
T eens comparing means and said retrieval information is retrieved I\ :
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13. An identifier assignment method of fabric system
as set forth in claim 8, wherein

one of fabrics connected to terminals nodes as a
mastering fabric having an identifier as an initial value,

said mastering fabric

transmits said assignment signal assigning a fixed
identifier per port, at first, upon assigning said
identifier;

collects identifiers of all fabrics after
completion of assignment of identifiers, prepares a
conversion table converting said identifiers into second
identifiers having smaller data length to distribute for all
fabrics;

said fabrics distributed for said conversion table

prepare retrieval information for determining
fabrics of transfer destination of the received frame per
port and port number on the basis of said conversion table

and said configuration information.

14. A computer readable memory storing a computer
program performing assignment of identifier per each fabric
in a fabric system connecting a plurality of fabric group
into a plurality of stages between terminal nodes for
exchanging variable length frame, said computer program
comprising the steps of:

in said fabric,
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transmitting an assignment signal assigning a
fixed identifier per port connected to other fabrics;

receiving said assignment signal transmitted from
other fabric and assigning identifier determining own
identifier according to a predetermined rule on the basis
of said assignment signal;

transmitting configuration information
correspondina to identifier of the fabric connected to the
port; and

preparing a retrieval information for determining
the fabric of transfer destination of the received frame per
port and the port number on the basis of the identifier of

each fabric and said configuration information.

15. A computer readable memory having a identifier
assignment program in the fabric system as set forth in claim
14, wherein said program repeats

transmission of the identifier assignment signal,
reception of said assignment signal and assignment of
identifier are repeated until the identifiers are assigned

for all fabrics.

16. A computer readable memory having a identifierx
assignment program in the fabric system as set forth in claim
14, wherein

taking one of fabrics connected tc the terminal

node as a mastering fabric having an identifier as an initial
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value,
said mastering fabric transmits said assignment
signal assigning fixed identifier per port at first, upon

assigning said identifier.

17. A computer readable memory having a identifier
assignment program in the fabric system as set forth in claim
14, wherein

a first stage fabric group connected to one
terminal node;

a third stage fabric group connected to the other
terminal node; and

a second stage fabric group connecting said first
stage and third stage fabric groups,

one of said first stage or third stage being taken
as master fabric having an identifier as an initial value;

next, said assignment signal being transmitted
from said second fabric group, and

finally, sad assignment signal being transmitted

from the fabric other than the maser fabric.

18. A computer readable memory having a identifier
assignment program in the fabric system as set forth in claim
14, wherein

each fabric

compares the identifier of the received frame and

own identifier, and

e

B st M

o

iw




10

10

15

selects a port number included in said received
frame as a port number of the transfer destination when the
identifiers are matched as a result of comparison by said
comparing means and said retrieval information is retrieved
by the port number included in said received frame to select
the port number of the transfer destination when the

identifiers are not matched.

19. A computer readable memory having a identifier
assignment program in the fabric system as set forth in claim
14, wherein

one of fabrics connected to terminals nodes as a
mastering fabric having an identifier as an initial value,

said mastering fabric

transmits said assignment signal assigning a fixed
identifier per port, at first, upon assigning said
identifier;

collects identifiers of all fabrics after
completion of assignment of identifiers, prepares a
conversion table converting said identifiers into second
identifiers having smaller data length to distribute for all
fabrics;

said fabrics distributed for said conversion table

prepare retrieval information for determining
fabrics of transfer destination of the received frame per
port and port number on the basis of said conversion table

and said configuration information.
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20. A fabric system, substantially as described herein in relation to any
one embodiment, with reference to the drawings.
21. An identifier assignment method, substantially as described herein in
5 relation to any one embodiment, with reference to the drawings.
22. A computer readable memory having an identifier assignment

program, substantially as described herein in relation to any one embodiment, with

reference to the drawings.

10 DATED this Fifteenth Day of October 1998
NEC Corporation
Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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ABSTRACT e
FABRIC SYSTEM AND METHOD FOR ASSIGNING IDENTIFIER FOR
FABRIC APPARATUS THEREFOR

A fabr ¢ system connects a plurality of fabric groups (11,12,13) into a plurality
of stages between terminal nodes (31,32) and performs exchange of variable length
frame. The fabric has an assignment signal transmitting portion (53) tra:s -/tting an
aséignment signal fixedly assigned an identifier per port connected to other fabrics, a

configuration information transmifting portion (51) transmitting a configuration

R T
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information indicative of correspondence of identifiers of the fabrics connected to the
ports, a retrieval information preparing portion (52) preparing a retrieval information

for determining a fabric of transfer destination of the received frame per port and a port

number on the basis of the identifier of each fabric and the configuration information, i
and a transfer destination determining portion (61) determining the transfer destination

of the frame on the basis of the retrieval information.
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