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INFORMATION PROCESSING APPARATUS AND METHOD,
AND DISTRIBUTION MEDIUM

BACKGROUND OF THE INVENTION

The present invention relates to an information
processing apparatus and method, and to a distribution medium.
More particularly, the present invention relates to an
information processing apparatus and method which realizes
communication at the optimum communication speed of a network,
and to a distribution medium.,

When data is transmitted among arbitrary information
processing apparatuses {hereinafter referred to as
"apparatuses") connected to a bus, which are capable of
transmitting data at a plurality of transmission rates, it is
necessary to select a data transmission rate at which a
transmitting apparatus can transmit{“a receiving apparatus can
receive, and further, at which, whéﬂ there is another
apparatus (relay apparatus) among the apparatuses, at which
the relay apparatus can also operate. Fig. 21 shows an
cxample of a plurality of apparatuses connected to an IEEE1394
serial bus. An IRD (Integrated Receiver/Decoder) 1 to which
an antenna 7, a monitor 2, an MD (Mini Disk) deck 3, and
digital VTRs (Video Tape Recorders)} 4 to 6 are connected to

each other by IEEE1394 serial buses 8-1 to 8-5. These
apparatuses, which fulfill the specifications for IEEE1394 and
IEC61883 which defines AV (Audio Visual) data transmission on
the IEEE1394, constitute nodes which are units to which access
can be made in the IEEE1394, and have a data transmission rate
at which data can be transmitted from one to the other or be

received from one to the other.

The YEEE1384 scrial bus is defined as the specifications

of a digital interface for connecting a plurality of
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apparatuses. As specifications for'defiqing the transmission
rate among apparatuses connected to the IEEE1394 serial bus,
three types aré defined: S100 having a data transmission rate
of 98.308 Mbps, S200 having a data transmission ratc of
196.608 Mbps, and S$400 having a daté transmission rate of
382.216 Mbps. An apparatus having a2 high-speed data
transmission rate:can transmit data at a data transmission
rate slower than this. For example, an apparatus which
supports S400 also supports the data transmission of S200 and
. 5100. The data transmission of S$100 is possible by all
apparatuses which fulfill the specifications for IEEE1394.
When these apparatuses, whose upper limits of the data
transmission rate are different, are connected to the IEEE1394
serial bus, the apparatus which performs data transmission
must transmit data at a transfer rate at which an apparatus
which performs relay can perform a relay process.

Fig. 22 shows ah_example of a connection of apparatuses,
in which physical 1Ds {(Identification Data) of the apparatuses
shown in Fig. 21 and the specifications of the data
transmission rates are indicated within the nodes. The
apparatus which is conneccted to the IEEEL394 serial bus forms
a node on the IEEE13%94. A node 11 fulfilling fhe
specifications for the data transmission rate §f 5400 of Fig.
22 corresponds to an IRD 1 of Fig. 21. In a similar manner, a
node 12 fulfilling the specifications for the data
transmission rate of S200 corresponds to the monitor 2, a node
13 fulfilling the specifications for the data transmission
rate of 5200 corresponds to the MD deck 3, a node 14
fulfilling the specifications for the data transmission rate
of S100 corresponds to the digital VIR 4, a node 15 fulfilling
the specifications for the data transmission rate of $100
corresponds_to the digital VIR 5, and a node 16 fulfilling the
specifications for the data transmission rate of 5200

corresponds to the digital VIR 6. For example,-the IRD 1
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fulfills the specifications for S400, the monitor 2 fulfills
the specifications for 5200, and there is no apparatus which
relays data in between, thereby making possible cowmunication
at a data transmission rate of 196.608 Mbps. Of course, the
IRD 1 and the monitor 2 are capablé of performing data
transmission of S100 at 98.308 Mbps.

In contrast, both apparatuses of the MD deck 3 and the
digital VTR 6 fulfill the specification for $200; however, the
digital VTR 4 having the specifications for S100 is present on
the data transmission patﬁ. Therefore, the upper limit of the
data transmission rate of the MD deck 3 and the digital VIR 6
is 398.308 Mbps which is the specification for 5100,

Next, a description is given of the communication
protocol of data transmission defined in IEEE138%4, Fig. 23
illustrates the structuxe of the functions of the IEEE1394
protocol (protocol: communication convention). The IEEE1394
protocol has a hierarchical structure of three layers: a |
transaction layer (Transaction Layer) 22, a link layer (Link
Layer) 23, and a physical layer (Physical Layer) 24. The
hierarchies communicéte with each other, and the respective
hierarchies communicate with a serial bus management (Serial
Bus Management) 21. ‘Furthermore, the transaction layex 22 and
the link layer 23 communicate with another function block.
There are four types of transmission and reception messages
used for this communication: request (Request), indication
(Indication), responsc {Response), and confirmation
(Confirmation). The arrows in Fig. 23 indicate this
communication. A communication followed by ".reqg" at the end
of the name of the arrow represents a request. In a similar
manner, “.ind" represents an indication, ".resp" represents a
response, and ".conf" represents a confirmation. For example,
TR_CONT.req is a communication for request sent from the

serial bus management to the transaction layer. 22.



4
The transaction layer 22 provides an asynchronous data

transmission service provided to perform data transmission
with another predetermined apparatus in accordance with a
request from another function block, and realizes a request
response protocol (Request Response Protocol) required in
ISO/IEC13213. The transaction layer 22 performs an
asynchronous transmission process, but does not perform an
isaochronous transmission process for transmitting data, such
as images or sound. The data transmitted in the asynchronous
transmission is transmitted, among apparatuses, by three types
of transactions: a read transaction, a write transaction, and
a lock transaction which axe units of processing for making a
request to the protocol of the transaction layer 22. Here,
the lock transaction is used to eliminate detrimental effects
by split transaction (Split Transaction) composed of two or
more subactions of the link layer 23 in the asynchronous
communication.

The link layer 23 pexforms a data transmission serxvice
using acknowledge, addross processing,:data erxror
confirmation, framing of data, etc. A request for an
asynchronous transmission service from another function block
is made to the link layer 23. One packet transmission
performed by the link layer 23 is called a subaction, and as
subactions, there are two types: an asynchronous subaction,
and an isochronous subaction. In the physical ID
(Identification Data) which specifies a node and in an
asynchronous subaction which specifies an address within the
node, the node which has received the data returns an
acknowledgement. In an isochronous broadcast subaction which
sends data to all nodes inside the IEEE1394 serial bus, the
node which has received the‘data does not return an
acknowledgement. The data of the isochronous subaction is
transmitted at a fixed cycle with a channel number being

specified, and an acknowledgement is not returned.
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The physical layer 24 converts a logic symbol used in the
1link layer 23 into an electrical signal. Furthermore, the
physicai layer 24 performs control so that only one node
initiates data transmission by arb;tration, performs re-—
configuration of the IEEE1394 serial bus as a result of bus
reset, and performs automatic assignment of the physical ID.

The serial bus management 21 realizes the basic bus
control function and provides CSR (Control&Status Register
Architecture) of ISO/IEC13213. The serial bus management 21
has the functions of a node controller, an isochronous
resource manager, and a bus manager. The node controller
controls the status of a node, the physical ID, and so on, and
coutro;s the transaction layer 22, the link layer 23, and the
physical layer 24. 1In oxder to pefform isochronous
communication, at least one apparatus having the function of
an isochronous resource manager is required among the
apparatuses connccted to the IEEE1394 serxial bus. The bus
manager aims at pursuing the optimum utilization of the
IEEE1394 secrial bus, which is the highest function among the
functions. The presence of the isochronous resource manager
and the bus manager is arbitrary.

Fig. 24 shows an cxample of the structure of an
asynchronous subaction which specifies the physical ID and the
address within the node, which is a method of communication
with an IEEE1394 serial bus. This example is such that in
subactionl ({subactionl: request in Fig. 24), a first
predetermined node transfers a packet for making a read
request or a write request to a second predetermined node, and
in subaction2 (subaction2: response in Fig. 24), a second
predetermined node responds to that request with respect to
the first predetermined node. The asynchronous subaction is
composed of arbitration scquences (Arbitration Sequences) 31-1
and 31-2, data packet transmissions 32-land 32-2, and

acknowledgements 33-land 33-2. The node which wants to
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transmit an asynchronous packet requests a physical layer to
be described later to perform control of the IEEE1394 serial
bus in the period of the arbitration sequences 31-1 and 31-2.
By arbitration, the node which is determined as a transmission
node transmits an asynchronous packet in the period of the
data packet transmissions 32-land 32-2. The node @hich has
received the asynchronous ﬁacket which has specified the
recciving node returns an acknowledgement to the node which
has transmitted the packet in the period of the |
acknowledgements 33«1 and 33-2 for the purpose of confirming
raception.

As shown in Fig. 24, the section between the asynchronoué
subaction is divided by periods called subaction gaps 34-1 to
34-3. Furthexr, the section between the data'packet
transmissions 32~1 and 32-2 and between the acknowledgements
33-1 and 33-2 are divided by periods calléd acknowledge gaps
(ack gaps) 35-~1 and 35-2,

Fig. 25 shows the structure of an isochronous subaction
which is another subaction. .The isochronous subaction is

composed of arbitration sequénces 41-1 to 41~3 and data packet

transmissions 42-1 to 42-3. A node which wants to transmit an

isochronous packet requests a physical layer to be described
later to control the IEEE1394 serial bus in the period of the
arbitration sequences 41-1 to 41-3. The operation of each
node in the isochronous subaction is the same as the operation
~of each node in the asynchronous subaction.

In the period of the arbitration sequences 41-1 to 41-3,
the node which has been determined as a transmission node
transmits an isochronous packet in the period of the data

packet transmissions 42~1 to 42-3. The isochronous subaction

is divided by periods called isochronous gaps (isoch gaps) 43-
1 to 43-4 shorter than subaction gaps 34-1 to 34-3 which

divide the asynchronous subaction. Due to the difference in

the length between the isochronous gaps 43-1 to 43-4 and the
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subaction gaps.34—1 to 34-3, the arbitration sequences 41-1 to
41-3 fox isochronous communication are started before
arbitration sequences 31~1 and 31-2 for asynchronous
communication, and a transmission node is determined. This
operation takes precedence over thé asynchronous '
communication.

Fig. 26 shows the cycle structure of data transmission of
an apparatus connected by IEEE1394. 1In IEEE1394, data is
divided into packets and transmitted on a time-division basis
with a cycle of a length of 125 ns as a xeference. This cycle
is created by a cycle start signal supplied from a node having
cycle master functions (one of thc apparatuses shown in Fig.
22) . For the asynchronous packet, a band (called a "band",
although this is a time unit) required to transmit from the
starxt of all cycles is secured. Therefore, in the isochronous
transmission, transmission of data within a fixed time is
ensured. However, when a transmission error occurs, there is
no scheme for protection, and data is lost. In the time,
which is not used for isochronous transmission, of each cycle,
the node which has secured the IEEE1394 scrial bus as a result
of arbitration transmits an asynchronous packet. In the
asynchronous transmission, use og écknowledgement and rewrite
~ensures reliable transmission, but timing of transmission is
not fixed.

In ordexr for a predetermined node to perform isochronous
transmission, that node must suppbrt isochxonous functions.
Furthexr, at least one of the nodes which support isochronous
functions must have cycle master functions. In addition, at
least one of the nodes connected to the IEEE1394 serial buses
8-1 to 8—5_must have functions of an isochronous resource

manager.

Fig. 27 shows the ranges of periods of a gap tequired for

transmission on the TEEE1394 serial bus. An arbitration reset

gap is a period in which an arbitration enable bit possaessed



by each node on the IEEE1394 serial bus is set, and is a
smallest period in which after all nodes which perform
asynchronous transmission have completed transfer of packets,
arbitration for asynchronous transmission can be initiated
again. '

In order to increasc the operation speed of the IEEE1394
serial bus, it is necessary to set the subaction gap and the
arbitration reset gap to the smallest period in a range where
the normal operation of arbitration is ensured. Specifically,
this can be realized by setting gap cnt, which is a node
variable to be described later, in accordance with the
topology of the IEEE1394 serial buses.,

Fig. 28 illustrates the relationship among the delay of
packet transmission on the IEEE1394 serial bus, an arbitration
reset gap, and a subaction gap. In the packet transmission, a
delay occurs in the packets due to the propagation of an
electrical signal through the cable and the repetition of an
electrical signal of the physical layer to be described later.
That is, when a packet is transmitted from a node A to a node
C, the packet sent from the node A reaches a node B at a time
later than the time at which it has been sent from the node A
due to a delay which occurs due -to the propagation of the
electrical signal through the cable, and reaches the node C at
a time even later than at the node B. The greater, the number
of hops of the cables involved in packet transmission and the
number of nodes through which relay is conducted, the greater
the delay of this packet. That is, the delhy time which
oceurs in the packet transmission varies in accordance with
the topology of the buses.

When the arbitration reset gap becomes shorter than a
period in which the delay of the packet and the subaction gap
are added together, an arbitration enable bit is not set, and

the arbitration operation will not be performed normally.
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In a manner as described above, in the specifications for
the IEEE13%4 serial bus, the function called a bus manager
which provides information of the highest data transmission
rate at which communication is possible among arbitrary
apparatuses on the bus, to an appaiatus on the bus, is
defined. When a plurality of apparatuses have the function of
a bus manager, the bus manager of one of the apparatuses |
connected to the IEEE1394 serial bus opcerates effectively.

The apparatus. connected to the IEEE1394 serial bus sets the
rate of data:transmission to an apparatus to which it wants to
transmit on the basis of the information of the speed map of
the bus manager, and performs communication at the highest
data transmission rate at which communication is possible.
Further, by using the data of the topology map possessed by
the bus manager, the subaction gap and the arbitration reset
gap are set to the shortest period.

However, in the specifications of the IEEE1394 serial
bus, a method for determining the highest communication spced
between two apparatuses on the IEEE1394 serial bus and a
method for determining the most appropriate subaction gap and
arbitration reset gap are not defined. |

OBJECTS OF THE INVENTION

The present invention has bcen made in view of the above
circumstances, and an object of this invention is to determine
the highest communication speed between two apparatuses on a

network,

Another object of this invention is to determine the
topology of a network.
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SUMMARY OF THE INVENTION

In order to attain the above-objects, accoxrding to an
aspect of the present invention, an information processing
apparatus having unique information bpnnected to a network
together with a plurality of other information processing
apparatuses each connected to the network and each having
unique information is provided. The apparatus comprises a
receiving means for receiving the unique information for
identifying all of the information processing apparatuses on
the network, and a network structure obtaining means for
obtaining a network structure of the network based upon the
unique information of all of the information processing
apparatuses. The apparatus further comprises a counting means
for counting a number of connections between all of the
information processing apparatuses on the network based upon
the network structure, and a controlling means for controlling
conmunication timing of the information apparatuses on the
network based upon the number of the connections. The network
may be a:bus interface, and the information processing
apparatus may be an Audio/Visual épparatus.

The apparatus furthexr comprises a topology map obtaining
means for obtaining a topology map of the network based upon
the unique information of each of the information processing
apparatuses. The apparatus further comprises a topology map
storing means for storing the topology map obtained by the
topology map obtaining means, a storing means for storing
appropriate timings corresponding to number of the
Connec;ions, and the controlling means controls.the
communication timing with a use of the appropriate timings in
the storing means.

The receiving means obtains self IDs defined in IEEE
1394-1995 standard as the unique information, which are

outputted from cach of the information processing apparatus on
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the network when a reset of the network occurs, and the

topology map obtaining means obtains a topology map defined in
IEEE 1394-1995 standard, and the topology map obtaining means
further comprises a writing means for writing data to a length
field of the topology map defined in IEEE 1394-1895 standard,
a storing means for storing the self Ids, a countigg means for
counting a generation number, a number of nodes, and a number
of self Ids, and a cyclic redundancy check setting means for
setting a cyclic redundancy check for the topology map defined
in IEEE 1394-1995 standard.

The apparatus also comprises parent node 1D obtaining
means for obtaining the parent node IDs of each of the
information processing apparatuses based upon the unique
information, Speed map obtaining means for obtaining a speed
map of the network based upon the unique information of each
of the information processing apparatuses, and communicating
means for communicating data at a speed based on the speed
map.

The receiving means obtains self IDs defined in IEEE
1394-1995 standard as the unique information which are
outputted from each of the information processing apparatuses
on the network when a reset of the network occurs, and the
speed map obtaining means obtains a speed map defined in IEEE
1394-1995 standard, and the speed map obtaining means further
comprising a writing means for writing data to a length field
of the speed map defined in IEEE 1394-1995 standard, a storing
means for storing the self Ids, a counting means for counting
a generation number, a number of nodes, and a number of self
Ids, and a cyclic redundancy check setting means for setting a
cyclic redundancy check for the speed map defined in IEEE

1394-1995 standard. Corresponding methods are described also.
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BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the invention,
reference is made to the following description and
accompanying drawings, in which:

Fig. 1 is a block diagram showing a hardware
configuration diagfam of an IRD:;

Fig. 2 is a diagram illustrating the structure of an
address space of CSR architecture;

Fig. 3 is‘a diagram showing the structure of a topology
map;

Figs. 4A and 4B are diagrams showing an exanmple of the
structure of a self-ID packet:

Fig. 5 is a diagram illustrating the components of the
self-ID packet;

Fig. 6 is a diagram showing the structure of a speed nmap;

Fig. 7 is a flowchart'illustrating a prdcess for .
computing the value of the optimum gap count;

Fig. 8 is a flowchart illustrating a process for creating
a topology map:

Fig. 9 is a flowchart illustrating a process for creating
the tree structure data of cach node;

Fig. 10 is a diagram illustrating a procesé for
deternining the node physical ID of the parent node of each
node;

Figs. 11A,-118, 11C, 11p, 11E, 11F, 11G, 11H, and 11X are.
diagrams illustrxating a process for determining the node
physical ID of the parent node of each node;

Fig. 12 is a flowchart illustrating a process for
computing the physical ID of the parent node;

Fig. 13 is a flowchart illustrating another process for

computing the physical ID of the parent node which does not
use a stack:;
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Fig. 14 is a flowchart illustrating a process for
computing the numbex of hops betwcen a node m and a node n;

Fig. 15 is a flowchart illustrating a process for
computing the optimum value of the gap count on the basis of
the number of hops;

Fig. 16 is a flowchart illustrating a process for
responding to an inquiry of a communication speed from another
node; _

Fig., 17 is 'a flowchart illustrating a process for
computing the highest communication speed of node m and node
n; _

Fig. 18 is a flowchart illustrating a process for
computing the highest communication spced of the node m and
" the node n;

Fig. 19 is a flowchart illustrating a process for
computing the highest communication speed of the node m and
the node n and the number of hops between the node m and the
node n at the same time;

Fig. 20 is a flowchart ilfustrating'a process for
computing the optimum value of the gap count and for creating
the entire speed map; _

Fig. 21 is a diagram showing an examplc of a plurality of
apparatuses connected to an IERE1394 serial bus;

Fig. 22 is a diagram showing an example of a connection
of apparatuses, in which the physical ID and the
specifications of a data transmission rate are indicated

within the node:

Fig. 23 is a diagram illustrating the structure of the
function of an IEEF1394 protocol;

Fig. 24 is a diagram showing an example of the structure
of an asynchronous subaction;

Fig. 25 is a diagram showing the structure of an
i.sochronous subaction;



Fig. 26
transmission
Fig. 27

gap required
Fig. 28
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is a diagram showing the cycle structure of data
of an apparatus connected by IEER1394;

is a diagram showing a range of the period of a
for transmission on the IEEE1394 serxial bus; and

is a diagram illustrating the relationship among

a delay of packet transmission on the IEEE1394 serial bus, an
arbitration reset gap, and a subaction gap.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following is a detailed description of embodiments of
the present invention with reference to the drawings. First,
in order to clarify the relationship between each means of the
invention as set forth in the claims and the embodi?ent
described below, the features of the present invention are
described below. by including a corresponding embodiment (one
example) within the parentheses after each means. Of course,
this description does not limit each means thereto.

??? More specifically, the information processing apparatus
as set forth in claim 1 comprises computation meané {(for
example, an IEEE1394 interface 58 of Fig. 1) for computing the
topology of a network on the basis of the information for
identifying each information processing apparatus and the
number of connections of each information processing apparatus
to the network and for controlling the communication timing of
each information processing apparatus. .

The present invention will now be described below. It is
assumed that, also in the present invention, the network is
constructed as shown in Figs. 21 and 22. Fig. 1 is a hardware
configuration diagram of an IRD 1. A tuner 51 causes an
antenna 7 to operatc and outputs an image siénal and an audio
signal in accordance with a signal from the antenna 7. A LCD
(liquid-crystal display) 53 and a touch panel 54 are connected
to the internal bus through an input/output interface 52. The
LCD 33 displays display data supplied from a CPU (central
processing unit) 55 or an IEEE1394 interface 58. The touch
panel 54 supplies a signal corresponding to the operation of a
usexr to the input/output interface 52.

The CPU S5 performs various programs. A ROM (read only
memory) 56 stores basically fixed data from among programs

used by the CPU 55 and parameters for computations. A RAM
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{random access memory) 57 stores a program used in the
execution of the CPU 55 and parameters which vary
appropriately in the execution thereof. The IEEE1394
interface S8 is an input/output interface which complies with
IEEE1394, to which IEEE1394 serial buses 8~1 to 8-5 are
connected. The tuner 51, the input/output interface 52, the
CPU 55, the ROM 56, the RAM 57, and the IEEE1394 interface 58
are connected with cach other through the internal bus.

The IEEE1394 complies with the CSR (Control&Status
Register) architecture having a 64-bit address space defined
by ISO/IEC13213., Fig. 2 illustrates the structure of the
address space of the CSR architecture. The high-order 16 bits
are physical ID (Identification Data) which indicates the node
on each IEEE1384, and the remaining 48 bits are used to
specify an address space provided to each node. These high-
order 16 bits are further divided into the 10 bits of the bus
ID and the 6 bits of the physical ID (physical ID in a narrow
sense) . Since the value at which all the bits become 1 is
used for a special purpose, it is possible to specify 1023
buses and 63 nodes. :

The space defined by the high-order 20 bits within the
address space of 256 tera-bytes defined by the low-order 48
bits is divided into an initial register space of 2048 bytes
used for a register specific to CSR, a register specific to
IEEE1394, and so on, a private space, and an initial memory
space. The space defincd by the low-order 28 bits, when the
space defined by the high-order 20 bits thereof is an initial
register space, is used as a configuration ROM (read only
memory), an initial unit space uscd for an application
specific to a node, plug control registers (PCRs), etc.

Fig. 3 shows the structure of a topology map disposed in
the initial unit space of CSR of a node which operates as a
bus manager. A length field stores a value which indicates

the length after a generation number in units of quadlets
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{quadlet: 4 bytes). A node count (node_count) field stores a
value which indicates the number of present nodes on the
IEEE1394 serial bus. A self-ID count {self_id_count) field
stores a value which indicates the number of self-ID packets
(self_id_packet] to be stored in the ‘topology map. Self-ID
packets (0] ﬁo [self_YD_count - 1] field stores an actual
'self-ID packet sent from each node. A CRC (Cyclic Redundancy
Check) field stores a value for cyclic redundancy check for
the object of the entire topology map. '

Next, a description is given of a self-ID packet stored
in the topology map. Figs. 4A and 4B show an example of the
structure of a self-XD packet. In a self-ID process, one of
one to four sclf-ID packets is output from the physical layex
24 of each node. The self-ID packet shown in Fig. 4A is for
the case in which it is single, or an example of a self-ID
packet which is output first. The self-ID packet shown in
Fig. 4B is for an example of the self-ID packet which is
output as the second or later. The first 32 bits of the self-
iD packet'are effective data, and the remaining 32 bits are
used for error dctection. )

Fig. S .illustrates components of the self-ID packet. The
contents described in the cells below the cell described as
“name" of the uppermost line correspond to the name of the
component of the self-ID packet of Figs. 4A and 4B. The cell
at the position of the intersection of the rightward extension
area of the contents described in the ceil downward of the
cell described as “field" of the uppermost line and the
downward extension arca described as “field" of the uppermost
line show the contents of the components of the self-ID packet
of Figs. 4A and 4B. The bus manager reads information stored
in the ficld SP of the scventeenth bit or the cighteenth bit
from the start to be transmitted and can be informed of the
transfer specd performance of the node which has output the

self-ID packet. The information which indicates the
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conncction state of the port, stored in the fields PO to P26,
indicates one of four types: the connection partner is a child
node, the connection ﬁartner'is a ﬁarent node, the port is not
connected, or the terminal does not exist. gap_cnt which
determines the range of the subaction gap and the arbitration
reset ‘gap is stored in the eleventh to sixteenth bits from the
start to be transmitted of the self-ID packet.

Fig. 6 shows the structure of a speed map disposed in the
initial unit space of CSR of the node which operates as a bus
manager. The length field stores a value which indicates the
length after a generation number in units of quadlets
{quadlet: 41 bytes). The generation number (generation_number)
field stores a value which indicates the number of creations
of the speed map. The spced code (speed_code) fields [0) to
(4023] store a value which indicates the highest communication
speed of two nodes. The value which indicates the highest .
communication speed of a node m and a node n is stored in the
speed code field [64 ( m + n). For example, the value which
indicates the highest commuﬂication-speed of a node 0 and a
node 2 is stored in a speed code field [2]f In the case of
the structure in Fig. 21, a value which indicates S100 is
stored in the speed code field [2].

Fig. 7 is a flowchart illustrxating a process for
computing the value of an optimum gap count. In step S11, the
bus manager (possessed by, for example, the IRD 1 in Fig. 21)
creates a topology map. In step S12, the bus manager creates
tree structure data composed of transfer speed performance,
the number of child nodes, and the ID of the parent node, of
all the nodes connected to the bus. In step S13, the bus
manager determines the number of hops with respect to the
combination of all the nodes connected to the bus. In step
S14, the bus manager computes the optimum value of the gap
count on the basis of the number of hops determined in step

513, sets the optimum value of the gap count in cach pode, and
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the processing is terminated. A description is given in detail
below of a process of each step of Fig. 7.

Fig. 8 is a flowchart illustrating a process for creating
a topology map in step S11 of Fig. 7. In step $§21, the bus
manager writes a predetermined wvalue in a reset start register
of the CSR, and performs command resetting of the bus. In
step S22, the physical layer 24 of each node performs a tree
ID process, and sets one of the wvalues of the branch and the
leaf in each node. In step $23, the physical layer 24 of each
node performs a self-ID process and provides the physical ID
to cach node. In'step S24, the bus manager sets 0, which is
an initial value, in the length field of the topology map. In
step ‘525, the bus manager obtains the self-ID packet sent from
eaéh node and stores it at a predetermined position of the
topology map. In Step.szs, the bus manager sets the
generation number, the node count, the self-ID count, and the
CRC to predetermined values. In step 527, the bus manager
. sets an appropriate value in the length field. In a manner as
-described ahove, the bus manager creates a topology map from
the self-ID packet sont from each node.

Fig. 9 is a flowchart illustrating a process for creating
tree structure data of each node in step S12 of Fig. 7. The
tree structure data is composed of data indicating the highest
communication speed of each node, the number of child nodes of
each node, and the physical ID of the parent node of each
node. 1In step S31, the bus manczger reads a value from the SP
field of the self-ID packet corresponding to each node stored
in the topology map. 1In step S32, the bus manager determines
the number of child nodes of each node from the fields of PO
to P26 of the self-ID packet corresponding to each node stored
in the topology map. In step 533, the bus manager determines
the physical ID of the parent rode of each node.

Next, a description is given of a process for determining

the physical ID of the parent node in step S33 of the
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flowchart of Fig. 9. Figs. 10 and 11 illustrate a process for
determining the physical ID of the parent node of each node
when the connection shown in Fig. 22 is made. When step S32
of Fig. 9 is terminated, as shéwn in Fig. 10, the bus manager
has the information indicating the physical ID and the number
of children of each node. The physical ID of the node
connected to the IEEE1394 serial bus is smaller than the
physical ID of the parent node, and the number of parent nodes
of each node is 1 or 0. By using this condition and a stack
having a last-in first-in structure, the physical ID of the
parent node of each node is determined.

Figs. 1l1ia, 118, 11cC, 11D, 11E, 11F, 11G, 11H, and 11T
illustrate the operation 6f a stack for computing the physical
ID of the parent nodec. This process for computing the
physical ID of the parent node is performed by tracing in
seduence'from the node with a sﬁaller physical ID to a node
with a greater physical ID. Fig. 11A shows an initial state
of a stack. The stack is null in the initial state. Fig. l1B
shows a state ih which the stack traces a node 0. Since the
number of children of the node 0 is zero, the stack stores 0
which is the physical iD of the node 0. Fig. 11C shows a
state in which the stack traces a node 1. Since the number of
children of the node 1 is zero, the stack stores 1, which is
the physical ID of the naode 1, on 0. Fig. 11D shows a state
in which the stack traces node 2. Since the number of
children of the node 2 is zero, the stack stores 2 which is
the physical ID of the node 2 on 1.

Fig. 1lE shows the initial state in which the stack
traces a node 3. Sincc the number of children of the node 3
is 2, the stack pops up two values 2 and 1, which are stored
above. This shows that the parent node of the node 1 and the
node 2 js the node 3. Fig. 11F shows the next state when the
stack traces the node 3. "3“ which is the physical ID of the

node 3 is stored on the remaining value 0. Fig. 11G shows the
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initial state in which the stack traces a node 4. Since the
_ number of children of the node 4 is 1, the stack pops up one
value 3, which is stored above. This shows that the parent
node of the node 3 is the node 4. Fig. 1llH shows the next
state when the stack traces the node 4, "4", which is the
physical ID of the node 4, is stored on the remaining wvalue 0.
Fig. 11I shows a state in which the stack traces a node 5.
Since the number of children of the node 5 is 2, the stack
takes out two stored values 4 and 0. This shows that the
parent node of the node 4 and the node 0 is the node 5. Since
the node 5 has the maximum physical ID, it can be seen that it
is a root node. In a manner as described above, it is possihle
for the bus manager to compute the physical ID of the parent
node with respect to each node. |

Fig. 12 is a flowchart illustrating a process for
computing the physical ID of the parent node. In step $§41,
the bus manager sets 0, which is an initial value, in a
variable P which indicates a node to be traced. 1In step S42,
the bus manager determines whether or not P is less than the
number of nodes connected to the bus. When it is determined
that P is less than the number of nodes connected to the bus,
the process proceeds to step S43 where the number of-child
nodes of the node P is set in the counter. In step S44, the
bus manager determines whether or not the value of the counter
set in step S43 is 0. When it is determined that the value of
the counter is not 0, the process proceeds to step 5445 wherc
the physical ID is popped up from the stack. In step S46, the
bus manager sets the physical ID popped in step $45 in a
variable C. 1In step S47, the bus manager sets the node P in
the parent node of the node C. In step S48, the bus manager
decrements the count value, and the process returns to step
S44 and the processing is continued.

When it is determined in step S$44 that the value of the

counter is 0, the process proceeds to step S49 where the bus
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manager pushes the physical ID into the stack. In step 550,
the bus manager increments the variable P, and the process
returns to step S42 and the processing is continued. When it
is determined in step S42 that P is cqual to or greater than
the number of nodes connected to the bus, the process is
terminated.

Fig. 13 is a flowchart illustrating another process for
computing the physical ID of the parent node which does not
use a stack. In step S51, the bus manager sets 0, which is an
initial walue, *‘in the variable P which indicates a node to bhe
traced. In step 552, thc bus .manager determines whether or
not P is less than the numbex of nodes connected to the bus.
When it is determined that P is less than the number of nodes
connected to the bus, the process proceeds to step S53 where
the number of nodes of children of the node P is set in the
counter. In step S$54, the bus manager sets the value of P - 1
in the variable €, In step S55, the bus manager determines
whether or not the value of the counter is not 0 and C is
equal to or greater than 0. When it is determined that the
value of the counter is not 0 and C is equal to or greater
than 0, the piocess proceeds to step 556 where a determination
is made as to whether or not the node of the parent of the
node C has been found. When it is determined in step S$56 that
the node of the parent of the node C has not been found, the
| process proceeds to step S57 where the bus manager sets the
node P in the parent node of the node C and then proceeds to
step S58. In step 558, the bus manager decrements the count
value, and then procceds to step S60. When it is determined
in step S56 that the node of the parent of the node C has been
found, the process skips step S57 and S58 and procceds to step
$60. In step S60 the value of C is set at C-1, and the
process returns Lo step S55 and the processing is continued.
When it is determined in step S55 that the value of the

counter is 0 or C is less than 0, the process procecds to step
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S59. 1In step S$59, the bus manager increments the value of P,
and the process returns to step S52 and the processing is
continued. When it is determined in step $52 that P is equal
to or greater than the number of nodes connected to the bus,
the processing is terminated. In the manner described above,
the bus manager can compute the physical ID of the parent node
with respoct to each node by the processing of Fig._ 12 or the
processing of Fig. 13.

Next, a description is given of a process fof determining
the number of hops among nodes. Fig. 14 is a flowchart
illustrating a process for computing the number of hops
between the node m and the node n, which is performed in step
S13 of Fig. 7. In step 5§61, the bus manager compares m with n
in order to determine whether or not m is greater than n.

When it is determined that m is grecater than n, in step S62,
the values of m and n are interchanged, and the process
proceceds to step S63. When it is determined in step S61 that
m is not greatef than n, the prbcess proceeds to step S63. In
step 863, thc bus manager sets -1, which is an initial value,
in a hop. The hop is a counter for the numbeé of hops. In
step S64, the bus manager sets m of a variable top. The top
is a variable for storing the physical ID of the apex when a
search is made from the node m to the root. 1In step S65, the
bus manager compares the top with n in order to determine
whether or not the top is smaller than n. When it is
determinecd that the top is smaller than n, the process
proceeds to step S66 where the value of hop is incremented.
In step S67, the bus manager sets in top the physical ID of

the parent node of the top, and the process returns to step
565 and the processing is continucd.

When it is detormined in step $65 that the top is equal
to or greater than n, the process procceds to step $68 where n
is set in a variable node. The node is a variable for storing
the physical ID of the apex when a search is made from the
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node n toward the root. In step S69, the bus manager
determines whether or not:Lhe node is equal to or smallex than
top. When it is determined that the node is equal to or
smaller than top, the process proceeds to step S70 where the
value of hop is incremented. In steé 571, the bus manager
sets in the node the physical ID of the parent node of the
node "node", and the process returns to step $62 angd the
processing is continued. When it is determined in step S69
that the node is greatexr than top, the process proceeds to
step S72 where the bus manager sets the value of hop in the
number of hops, and the processing is terminated. In a manner
as described above, it is possible for the bus manager to
compute the number of hops between the node m and the node n.
Fig. 15 is a flowchart illustrating a process for
computing the optimum value of a gap count on the basis of the
number of hops in step S14 of Fig. 7. This process searches
and the maximum number of hops for the objects of the leaf
nodes and the leaf nodes, and computes the optimum value of
the gap count on the basis of the value thereof. In step S81, -
the pus manager sets 0, which is an initial value, in a
-variable maxhop. In step S82, the bus manager sets 0, which
is an initial valuc, in a variable m. In step 883, the bus
'manager determines whether or not the valuc.of m is less than
the number of leaf nodes. When it is determined that the
value of m is less than the number of leaf nodes, in step S84,
the bus manager sets m+l in a variable n. In step S85, the
bus manager determines whether or not the value of n is less
than the number of leaf nodes. When it is determined that the
value of n is less than the number of leaf nodes, the process
proceeds to step S86 where the numboer of hops between the leaf
node n and the leaf node m, which has bcen computed in the
process of Fig. 14, is set in the variable hop. In step S$87,
the bus manager determines whether or not the hop is greater

than maxhop. When it is determined that the hop is greater
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than the maxhop, in step $88, the value of hop is se; in the
maxhop. When it is determined in step S87 that the hop is
equal to or smaller than the maxhop, step S88 is skipped. In
step S89, the bus manager increments n, and the process
returns to step $85 and the processing is continued. When it
is determined in step 885 that the value of n is equal to or
greater than the number of leaf nodes, the process proceeds to
step S90 where the bus manager increments m, and the process
returns to step S83 and the processing is continued. When it
is determined in step 583 that the value of m is equal to or
greater than the number of leaf nodes, the process proceeds to
step S91 where the bus manager computes the optimum value of

" the gap count from the wvaluc of the maxhop on the basis of the
specifications of IEEE1394, and the processing is terminated. :
In a manner as described above, it is possible for the bus
manager to compute the optimum gap count corresponding to the
topology of the network and to set the optimum subaction gap
and arbitration reset gap.

It is possible for the bus manager to store the tree
structure data determined in step S12 of Fig. 7, to computela
subject communication speed when there is an inquiry of the
highest communication speed among the nodes from another node,
and to respond to that node. At this time, the bus manager
must transmit a response in units of quadlets in conformance
with the specifications of IEEE1394. Fig. 16 is a flowchart

*illustrating a process for creating a speed code in response
to an inquiry of the communication speed from another node.

In step S101, the bus manager determines whether or not the
accessed address is an address at which the speed code is
storxed. When it is determined that the accessed address is aﬁ
address at which the speed code is stored, in step 8102, the
address of the row of thec speed map of the accessed address is
set in the variable m. 1In step S103, the address of the

column of the speed map of the accessed address is set in the
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variable n. 1In step S104, the bus manager sets 0, which is an
initial value, in the highest communication speed. In étep
5105, the bus manager sets 0, whic¢h is an initial value, in
the speed code. In step $106, the bus manager, sets the value
of n in a variable i.

In step S107, the bus manager determines whether or not i
is less than 1n+4)1 When it is determined that i is less than
(n+4), in step S108, the highest communication speed of the
node m and the node i is computed. In step S108, the bus
manager creates a speed code on the basis of the highest

communication speed obtained in step S108 and stores it as a

predetermined value. In step S110, the bus manager increments

i, and the process returns to step S107 and the processing is
continued. When it is determined in step S101 that the
accessed address is not an address at which the speed code is
stored, and when it is determined that i is equal to or
greater than (n+4), the processing is terxminated.

Figs. 17 and 18 are flowcharts illustrating a process for
computing the highest communication speed of the noqe m and
the node n in step $108 of Fig. 16. 1In step S121, the bus
manager determines whether or not m is greater than n. When
it is determined that m is greater than n, the process
proceeds to step S122 where the values of n and m are
interchanged. When it is determined in step S121 that m is
equal to or smaller than n, the process proceeds to step S123.
In step §123, the bus manager sets 5400, which is an initial
value, in a variable S1. 1In step S124, the bus manager sets
S400, which is an initial value, in a variable S2. 1In step
3125, the bus manager determines whether or not the highest
communication speed of the node n is S100. When it is
determined that the highest communication speed of the node n
is not 5100, the process proceeds to step S126 where the bus

manager sets the value of m in a variable top. The top is a
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variable for storing the physical ID of the apex when a search
is made from the node m toward the root.

In step S127, the bus manager determines whether or not
the top is less than n. When it is determined that the top is
less than n, the process proceeds to'step S$128. 1In step S128,
the bus manager determines whether or not the highest
communication speed of the node top is $100. When it is
determined that the highest communication speed of the node
top is not S100, the process proceeds to step S129, 1In step
8129, the bus manager determines whether or not the highest
comnunication speed of the node top is less than S1. When it
is determined that the highest communication speed of the node
top is less than S1, the process proceeds to step S130 where
the communication speed of the node top is set in Sl. When it
is determined in step S129 that the highest communication
specd of the node top is equal to or greater than S1, step
8130 is skipped, and the process proceeds to step S131. 1In
step S131, the bus manager sets, in top, the physical ID of
the parent node of the node top, and the process returns to
step S127 and the pr0ces§ing is continued.

When it is determined in step $127 that the top is equal
to or grecater than n, the process proceeds to step S132. 1In
step §132, the bus manager sets the value of n in the variable
node. The node is a variable for storing the physiéal ID of
the apex when a search is made from the node h toward the
root. In step S133, the bus manager determines whether or not
the node is equal to or smaller than top. When it is
determined that the node is equal to or smaller than top, the
process proceeds to step S134 where a determination is made as
to whether or not the communication speed of the node "node®
is S5100. When it is determined in step S134 that the-
communication speed of the node "node" -is not S100, the
process proceeds to step S135 where the bus manager determines

whether or not the communication speed of thc node "node" is
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less than S2. When it is determined in step S135 that the

communication speed of the node “node" is less than S2, "the
bus manager sets in S2 the communication speed of the node
"node™ in step S136. When it is determined in step S135 that
the communication speed of the node hnode“ is equal to or
greater than S2, step S136 is skipped, and the process
proceeds to sfep 5137. In step §137, the bus manager sets in
the node the physical ID of the parent node of node *node",
and the process returns to step S$133 and the processing is
continued. '

When it is determined in step S133 that the node is
grecater than top, the process proceeds to step S138 where the
bus manager determines whether or not $1 is smaller than S2.
When it is determined in step S138 that S1 is smaller than S2,
in step S139, the bus manager sets S1 in the highest
communication speed of the nodec m and the node n, and the
processing is terminated. When it is determined in step S138
that S1 is equal to or greater than S2, in step $140, the bus
manager sets S$2 in the highest communication speed of the node
m and node n, and the processing is terminated.

When it is determined in step S125 that the communication
speed of the node n is S100, when it is determined in step
S128 that the communication speed of the node top is S$100, and
it is determined in step S134 that the communication speed of
the node "node" is 5100, thc process proceeds to step §141
where the bus manager sets S100 in the highest communication
speed of the node m and node n, and the processing is
‘terminated. In a manner as described above, it is possible
for the bus manager to compute the highest communication speed
among the nodes.

Fig. 19 is a flowchart.illustiating a process foxr
computing the highest communication speed of the node m and
node n and the numbcer of hops between the node m and node end

at the samc time. In step S151, the bus manager determines
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whether or not m is greater than n. When it is determined
that m is greater than n, the process proceeds to step S152
where the values of n and m are interchanged. When it is
determined in step S151 that m is equal to or smaller than n,
the process procceds to step S153. in step S153, the bus
manager sets S400, which is an initial value, in a_variabie
S1. 1In step S154, the bus manager sets S400, which_is an
initial value, in the variable S82. In step S155, the bus
manager sets ~1 in the variable hop, In step S156, the bus
managexr sets the value of m in the variable top.

In step $157, the bus manager determines whether oxr not
the top is less than n. When it is determined that the top is
less than n, the process proceeds to step S5158. 1In step S158,
the bus manager determines whether or not the communication
spced of the node top is less than S1. When it is.determined
that the communication spced of the node top is less than S1,
the process procéeds to step S159 where the communication
speed of the node t6§dis set in S1. When it is determined in

_step 8158 thap the communication speed of the node top is
equal to or greaﬁer than 81, step S159 is skipped, and the
process proceeds to step S160. In step S160, the bus manager
sets hop+l in the hop. In step S161, the bus manager sets, in
the top, the physical ID of the parent node of the node top,
and the processing is continued.

When it is determined in step S157 that the top is equal
to or greater than n, the process proceeds to step S162. 1In
step 8162, the bus manager sets the value of n in the variable
node. In step 8163, the bus manager determines whether or not
the node is equal to orx smaller than top. When it is
determined that the node is equal to or smaller than top, the
process proceeds to step S164. 1In step S164, the bus manager
determines whether or not the ¢communication speed of the node
"node" is less than $2. When it is determined that the

communication speed of the node "node®" is less than S2, in
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step 5165, the communication speed of the node "node" is set
in $2. When if is determined in step S164 that the
communication speed of the node "node" is equal to or greater
than S2, step S165 is skipped, and the process proceeds to
step S166. In step S166, the bus mahager sets hop+l in the
hop. In step S167, the bus manager sets in the node the
physical ID of the parent node of the node n; and the process
returns to step S163 and the processing is continued.

When it is determined in step S163 that the node is
greater than tbp, the process proceeds to step S168 where the
bus manager sets the value of hop in the number of hops. In
step S169, the bus manager determines whether or not 81 is
smaller than 82. When it is determined that S1 is smaller
than S2, in step S§170, the bus manager sets S1 in the highest
communication speed of the node m and node n, and the
processing is terminated. When it is deteérmined in step 5169
that S1 is equal to or grcater than S2, in step S171, the bus
manager sets S2 in the highest communication speed of the node
W and node n, and the processing is terminated.

Fig. 20 is a flowchart illustrating a'p;ocess for
computing the optimum value of the gap count and for creating
the entire speed map. In step $181, the bus manager sets 0 in
the length of the speced map. In step S182, the bus manager
sets O.in the variable maxhop. In step S183, the bus manager
set 0 in the variable m.

In step S184, the bus manager determines whether or not m
is less than the number of nodes. When it is determined that
m is less than the number of nodes, in step 5185, the value of
m is set in n. In step S186, thc bus manager determines
whether or not n is less than the number of nodes. When it is
determined that n is less than the number of nodes, the
process proceeds to step S187 where the highest communication
speed of the node m and node n is computed. In step S188, the

bus manager scts the speed code corxesponding to the highest
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communication speed determined in step S187 in the address

from the node n to the node m and in the address from the node
m to the node n of the speed map. In step S189, the bus
manager computes the number of hops between the node m and
node n. '

In step S180, the bus manager sets, in the hog, the
number of hopé between the leaf n and the leaf m. In step
S191, the bus manager determines whether or not the hop is
greater than maxhop. When it is determined that the hop is
greater than maxhop, the process procceds to step $192 where
the value of hop is set in the maxhop. In step S193, the bus
manager increments n, and the process returns to step S186 and
the processing is continued.

When it is determined in step S186 that n is equal to or
greater than the number of nodes, the process proceeds to step
8194 where m is incremented, and the process returns to step
5184 and the processing is continued. When it is determined in

step S184 that m is equal to or greater than the number of

nodes, the process proceeds to step 5195 where the bus manager'

computes the optimum value of the gap count on the basis of
the maxhop. In step 5196, the bus manager sets the length
field of the speed map to an appropriate value, and the
prbcessing is terminated.

In a manner as described above, it is possible for the
bus manager to determine the highest communication specd
between two apparatuses on the IEEE1394 serial bus, to compute
the optimum gap count, and to set it in the most appropriate
subaction gap and arbitration reset gap.’

As distribution media for providing a computer program
which performs processing such as that described above to a
user, a magnetic disk, a CD-ROM, a solid-state memory, and

further, communication media, such as a network or a

satellite, may be uscd.
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Having now fully described the invention, it will be
appérent to one of ordinary skill in the art that many changes
and modifications can be made thereto without departing from

the spirit and scope of the invention as set forth herein.
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WHAT IS CLAIMED IS:

1. An information processing apparatus having
unique information connected to a network together with a
plurality of other information processing apparatuses each
connected to said network and each having unique ihformation,
said information processing apparatus, comprising: )

receiving means for receiving saild unique
information for identifying all of said information processing
apparatuses on said network; and

network structure obtaining means for obtaining a
network structure of said network based upon said unique

information of all of said information processing apparatuses.

2. An information processing -apparatus according to
claim 1, said information processing apparatus further
comprising:

counting means for counting a number of connections
between all of said information processing apparatuses on said
network based upon said network structure; and

controlling means foxr controlling communication
timing of said information apparatuses on said network based

upon said number of said connections.

3. An information processing apparatus according to

claim 1, wherein said network is a bus interface.

4. An information processing apparatus according to

¢laim 1, wherein said information processing apparatus is an
Audio/Visual apparatus.

\\\\\\\\c\\\\\\\\\\}\\\\\s\\\\)\
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5. An information proccssing apparatus according to
claim 1, said information processing apparatus further
comprising: . _

topology map obtaining means for obtaining a
topology map of said network based upon said unique
information of each of said information processing

apparatuses.

6. BAn information processing apparatus according to
claim 5, said ‘information processing apparatus further
comprising:

topology map storing means for storing said topology

map obtained by said topology map obtaining means.

7. An information processing apparatus according to
claim 2, said controlling means further cowprising:

storing means for storing particulax timings
corresponding to number of said connections; and

‘said controlling means controls said communication

timing with a use of said stored particular timings.

-8. An information processing apparatus according to
claim 6, wherein said receiving means obtains self IDs defined
in IEEE 1394-1995 standard as said unique information, which
are outputted from each of said information processing
apparatus on said network when a reset of said network occurs;
and

said topology map obtaining means obtains a topology
map defined in IEEFE 1394-1995 standard; and '

said topology map obtaining means further comprises:

writing means for writing data to a length field of
said topology map defined in IEEE 1394-1995 standard,

storing means for storing said self IDs;

: * c L N s *
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counting means for counting a generation number, a
nurmber of nodes, and a number of self IDs; and
cyclic redundancy check'setting means for setting a

cyclic redundancy check for said topology map defined in IEEE
1394-1995 standard.

9. An information processing apparatus agccording to
claim 1, wherein said information processing apparatuses have
a parent node ID, and said network structure obtaining means
further comprises: -

parent node ID obtaining means for obtaining said
parent node IDs of each of said information proceésing

apparatuses based upon said unique information.

10, An information processing apparatus according
to claim 1, said information brocessing apparatus further
comprising:

speed map obtaining means for obtaining a speed map
of said network based upon said unique information of each of
said information processing apparatuses; and

communicating means for communicating data at a
speed based on said spceced map.

11. An information processing apparatus according
to claim 10, said information procesSing apparatus further
comprising:

speed map storing mcans for storing a speed map

obtained by said speed map obtaining means.

12. An information processing apparatus according
to claim 11, wherein said receiving means obtains self 1IDs
defined in IERE 1394-1995 standard as said unique information

which are outputtcd from each of said information processing

* c L M s *
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apparatuses on said network when a reset of said network

occurs; and '

said speced map obtaining means obtains a speed map
defined in XYKEBEE 1394-1995 standard; and

said speed map obtaining means further comprises:

writing means for writing data to a length field of said

speed map defined in TEEE 1394-1985 standard;

storing means for storing said self 1IDs;

counting means for counting a generation number, a
number of nodés, and a number of self IDs; and

cyclic redundancy check setting means for setting a
cyclic redundancy check for said speed map defined in IEEE
1394~1995 standard.

13. an information processing apparatus according

to claim 1, wherein data is transmitted in a form of a packet;
and

said controlling means controls said communication

timing by controlling.an interval of said packets.

14. An information processing method for an

-information processing apparatus having unique information

connected to a network together with a plurality of other
information processing apparatuses each connected to said
network and each having unique information, said method
comprising the steps of:

receiving said unique information for identifying
all of said information processing apparatuses on said
network; and

obtaining a network structure of said network bascd
upon said unique informétion of all of said information

processing apparatuses.

* [ L ] s *



37 )
15l
information processing apparatus according to claim

method further comprising the steps of:

The information processing method for an

14, said

counting a number of connections between all of said

information processing apparatuses on said network based upon

said network structure; and

controlling communication timing of all of said

information apparatuses on said network based upon said number

of said connections.

16. The information processing method for
information processing apparatus according to claim

wherein said network is a bus interface.

17. The information processing method for

information processing apparatus according to claim

wherein said information processing apparatus is an
Audio/Visual apparatus.

18. The information processing method for
information processing apparatus acdordidg to claim

method further comprising the step of:

dan

14,

an
14,

an

14, said

obtaining a topology map of said network based upon

said unique information of each of said information

processing
apparatuses. ’

13. The information processing method for an
information processing apparatus according to claim 18, said
method further comprising the step of:

storing said topology map obtained at the step of
obtaining said topology map.

20. The information processing method for an
information processing apparatus according to claim 135,

—_—
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wherein said step of controlling a communication timing
further comprises the step of storing particular timings
corresponding to said number of said connections; and
said step of conErolling a communication timing

controls said communication timing ﬁith a use of said
particular timings stored at the step of said storing
particular timings.

21. The information processing method for an
information processing apparatus according to claim 19,
wherein said étep of receiving unique information obtains self
IDs defined in IEEE 1394-1995 standard as said unique
information, which are outputted from each of said information
processing apparatuses on said network when a reset of said
network occurs; and

said step of obtaining said topology map obtains a
topology map defined in IEEE 1394-1995 standard; and

said step of obtaining said topology map obtains
further comprises the steps of: _

writing data to a length field of said topology map
defined in IEBEE 1394-1995 standard; '

storing said self IDs;

counting a generation number, a number of nodes, aﬁd

a number of self IDs; and

setting a cyclic redundancy check for said topology
map defined in IEEE 1394-1995 standard.

22. The information processing method for an
information processing apparatus according to claim 14,
wherein said information processing apparatuses have a parent
node ID, and wherein said step of obtaining a network
structure further comprises the step of obtaining parent node

IDs of each of said information processing apparatuses based

upon said unique information.
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23. The information processing method for an
information processing apparatus according to claim 14, said
nethod further comprising the step of:

obtaining a speed map of said network based upon
said unique information of each of said information processing

apparatuses; and

communicating data at a speed based upon said speed
map.

24. The information processing method for an
information processing apparatus according to claim 23, said
method further comprising the step of:

storing said obtained speed map.

25. The information processing method for an
information processing apparatus according to claim 24,
wherein said step of receiving unique information obtains self
IDs defined in IEEE 1394;1995 standard as said unique
information, which are outputted from each of said information
processing apparatuses on said network when a reset of said
network occurs; and

said step of obtaining a speed map obtains a speed
map defined in IEEE 1394-1995 standard; and

said step of obtaining a speed map obtains a speed
map defined in IEEE 1394-1995 standard; and

said step of obtaining a speed map further comprises
the steps of:

writing data to a length field of said spced map
defined in IEEE 1394-1995 standard,

storing said self IDs;

counting a generxation number, a number of nodes, and
a number of self IDs; and
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setting a cyclic redundancy check for said speed map
defined in YBEE 1394-1995 standard.

26. The information processing method for an
information processing apparatus acéording to claim 14,

wherein data is transmitted in a form of a packet,

said step of controlling controls said communication
timing by controlling an interval of said packets.
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