7034652 A1 |00 0 DO O O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
22 April 2004 (22.04.2004)

AT YOO

(10) International Publication Number

WO 2004/034652 A1l

HO04L. 12/56,

(51) International Patent Classification’:
29/06, 12/28

(21) International Application Number:
PCT/IB2003/004401

(22) International Filing Date: 7 October 2003 (07.10.2003)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
02079196.8
03101095.2

8 October 2002 (08.10.2002)
22 April 2003 (22.04.2003)

EP
EP

(71) Applicant (for all designated States except US): KONIN-
KLIJKE PHILIPS ELECTRONICS N.V. [NL/NL];
Groenewoudseweg 1, NL-5621 BA Eindhoven (NL).

(72) Inventor; and

(75) Inventor/Applicant (for US only): RADULESCU, An-
drei [RO/NL]; c/o Prof. Holstlaan 6, NL-5656 AA Eind-
hoven (NL).

(74) Agent: DULJVESTIJN, Adrianus, J.; Philips Intellectual
Property & Standards, Prof. Holstlaan 6, NL-5656 AA
Eindhoven (NL).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR,BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, GB, GD, GE,
GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR,
K7, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK,
MN, MW, MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Burasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
EBuropean patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO,
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: INTEGRATED CIRCUIT AND METHOD FOR ESTABLISHING TRANSACTIONS

NI

| SCHED

SRESP_GEN

RESP
RESP
RESP
RESP

(57) Abstract: An integrated circuit (IC) comprises a network and a plurality of modules (M1, M2, M3) which communicate to
each other via the network. A first module (M1) sends a plurality of requests (REQ) to at least two second modules (M2 ,M3, Mn)
¥ and the second modules send individual responses (RESP2, RESP3, RESPn) to the first module, indicating a result of the execution
& of the requests. The integrated circuit (IC) comprises a network capable of sending a single response (SRESP) to the first module
(M1) dependent on the individual responses (RESP2, RESP3 up to and including RESPn) from the second modules (M2, M3, Mn).
The single response (SRESP) can indicate that at least one second module has executed the requests (REQ) or that a specific error
has occurred in at least one of the second modules (M2, M3, Mn). The single response (SRESP) can also indicate which types of
error have occurred in the second modules (M2, M3, Mn). If various errors have occurred, the single response (SRESP) can indicate
which error is the most serious error or information about all errors.



WO 2004/034652 A1 I} N0 A000H0 T 0000 00O 00 0

Declaration under Rule 4.17:
— as to applicant’s entitlement to apply for and be granted

DK, EE, ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT,
RO, SE, S1, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM,

a patent (Rule 4.17(ii)) for the following designations AE,
AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES,
Fl, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, UZ, VC, VN, YU, ZA, ZM, ZW, ARIPO
patent (GH, GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU,
TJ, TM), European patent (AT, BE, BG, CH, CY, CZ, DE,

GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG)

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.



10

15

20

25

WO 2004/034652 PCT/IB2003/004401
1

Integrated circuit and method for establishing transactions

The invention relates to an integrated circuit comprising a network and a
plurality of modules, which are arranged to communicate to each other via the network,
wherein the network is arranged to establish transactions between a first module and at least
two second modules, the network being arranged to send a plurality of requests from the first
module to the second modules, and wherein the second modules are arranged to generate
individual responses indicating a result of the execution of the requests.

The invention also relates to a method for establishing transactions in an
integrated circuit comprising a network and a plurality of modules, the transactions between
the modules being established via the network, wherein the network sends a plurality of
requests from a first module to at least two second modules, and wherein the second modules

generate individual responses indicating a result of the execution of the requests.

Systems on silicon show a continuous increase in complexity due to the ever-
increasing need for implementing new features and improvements of existing functions. This
is enabled by the increasing density with which components can be integrated on an
integrated circuit. At the same time the clock speed at which circuits are operated tends to
increase too. The higher clock speed in combination with the increased density of
components has reduced the area which can operate synchronously within the same clock
domain. This has created the need for a modular approach. According to such an approach
the processing system comprises a plurality of relatively independent, complex modules. In
conventional processing systems the modules usually communicate to each other via a bus.
As the number of modules increases however, this way of communication is no longer
practical for the following reasons. First, the large number of modules forms a too high bus
load. Second, the bus forms a communication bottleneck as it enables only one device to send
data to the bus.

A communication network forms an effective way to overcome these
disadvantages. The communication network comprises a plurality of partly connected nodes.

Requests from a module are redirected by the nodes to one or more other nodes. To that end
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the request comprises first information indicative for the location of the addressed module(s)
within the network. The request may further include second information indicative for a
particular location within the module, such as a memory, or a register address. The second
information may invoke a particular response of the addressed module.

A transaction model can be used in a network on an integrated circuit to
establish communication between the modules. A basic transaction comprises a request and a
response which indicates the result of the execution of the request. In a multicast transaction,
the request from a first module is replicated and each addressed module receives a copy of
the request, so that the first module sends a plurality of requests to at least two second
modules. Subsequently, the second modules send individual responses to the first module.

The concept of multicasting has been applied in areas different from networks
on integrated circuits, but its implementation is rather limited until now in the sense that it
only covers the acknowledgment of the receipt of a plurality of write messages instead of the
acknowledgment of the execution of a plurality of requests. A request may comprise a write
command and a data part or it may comprise a read command. According to the state of the
art, it is possible to send a plurality of write messages from a first module to two or more
second modules. This is a multicast write message; the second modules can send
acknowledge messages to the first module which indicate whether the write messages have
been received. However, this method of multicasting is limited because the acknowledgments
do not indicate whether the write messages have been executed by the second modules.

Such a method of multicasting is disclosed in US 5,541,927. The method
limits the number of return messages from a plurality of destination nodes to a source node,
which is accomplished using intermediate nodes in the network. The intermediate nodes are
the only nodes in the entire network that are authorized to send return messages to the source
node. Underlying nodes send their return messages to the intermediate nodes, but not to the
source node. This method reduces the number of return messages to the source node and it
elaborates on merging acknowledge messages which merely indicate the receipt of a
message.

A shortcoming of the multicast transaction is that the individual responses
from the second modules (also referred to as slaves, slave modules or destinations) impose a
large burden on the first module (also referred to as master, master module or initiator).
Consequently, the complexity of the first module increases because all individual responses
from the second modules must be processed by the first module. Furthermore, the first

module is less reusable as a network component because it depends on the number of second
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modules. This makes the network architecture incompatible with the bus architecture, since
the first module does not depend on the number of second modules when the bus architecture

is used.

It is an object of the invention to provide an integrated circuit and a method of
the kind set forth which reduce the burden on the first module. In order to achieve the said
object the integrated circuit is characterized by the characterizing portion of claim 1 and the
method is characterized by the characterizing portion of claim 9.

In a processing system with modules working asynchronously with respect to
each other a second module typically sends an individual response to inform the first module
that it has executed the request of the first module. If a request is multicast a plurality of said
individual responses is generated, which imposes a large burden on the first module. In the
integrated circuit of the invention the first module receives only a single response, which
reduces this burden.

A dedicated node in the network may be used for generating and sending the
single response. The embodiment defined in claim 2 comprises a network interface to
generate and send the single response. '

The embodiment defined in claim 3 is favorable if the value of the single
response depends on the values of the individual responses from the second modules. This
results in a combined response, representing the output of a specific function of the
individual responses from the second modules. The specific function returns the value of the
single response, which is based on the values of the individual responses.

Depending on circumstances, the single response can be based on the
individual responses in various ways. The embodiment defined in claim 4 is favorable where
the addressed second modules are duplicated memories, for example memories in a fault-
tolerant memory system, and the first module attempts to store data therein. In that case it is
sufficient that only one copy of the data is received and stored. The specific function
indicates a success by returning a value representing a success. In this embodiment, the
specific function returns a success if at least one value of the individual responses represents
a success.

In other situations it is compulsory that each of the addressed second modules
executes the request, for example if the addressed second modules are memories in a

distributed memory system. In the embodiment defined in claim 5 the single response is not
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generated until this is the case. The single response is generated only if all individual
responses have a value representing success.

The embodiment defined in claim 6 represents a particular case, wherein the
specific function returns a value representing success if no error occurred and if at least one
error occurred a value representing the most serious error.

The embodiment defined in claim 7 represents another particular case, wherein
the values of the individual responses of the second modules are specified according to the
type of error that occurred. This embodiment is favorable when it is necessary to determine
the cause of the error that occurred; this cause is then communicated to the first module. If
several errors occur, alternative values for the single response can be generated. It is possible
to choose the value of the most serious error that occurred for the value of the single
response, or the single response may be a combined response containing all the values of the
individual responses, providing complete information about the errors that occurred.

The embodiment defined in claim § can be used to perform a compound
command like the test-and-set command by means of subsequent multicast transactions. In
that case, the single response of the first multicast transaction carries data parts of the second
modules and indicates which data parts belong to which second modules.. This information is
needed by the first module to perform a conditional test and to send another plurality of
requests, so that new data are written to those second modules that passed the conditional
test.

The invention overcomes the shortcomings of multicast transactions in
networks on an integrated circuit, because the amount of responses to the first module is
reduced from many to one.

It is noted that a method of multicasting is disclosed in WO 02/23814. The
method merges acknowledge messages in networked environments other than networks on
integrated circuits using switches as connecting nodes. The method assumes that return
messages arrive simultaneously, thus limiting the use of merged acknowledgements to a

particular situation.

The present invention is described in more detail with reference to the
drawings, in which:
Fig. 1 illustrates a network on an integrated circuit;

Fig. 2 illustrates a concept of multicast messages;
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Fig. 3 illustrates a concept of multicast transactions according to the invention;

Fig. 4 illustrates a multicast transaction in a network on an integrated circuit;

Fig. 5 illustrates a multicast transaction according to the invention;

Fig. 6 illustrates a network on an integrated circuit which deploys a network
interface;

Fig. 7 illustrates a multicast transaction with a single response, wherein at least
one second module must receive the requests issued by the first module;

Fig. 8 illustrates a multicast transaction with a single response, wherein all
second modules must receive the requests issued by the first module;

Fig. 9 illustrates a multicast transaction with a single response, wherein the
value of the response indicates the most serious error that occurred.

Fig. 10 illustrates a possible implementation of the network functionality
according to the invention;

Fig. 11 illustrates an alternative implementation of the network functionality

according to the invention.

Fig. 1 schematically shows an integrated circuit IC which deploys a network
for communication between a plurality of modules M;, My, M3 up to and including M.
Examples of modules are central processing units (CPUs), application specific processors,
memories and memory controllers. The network comprises nodes Ny, N; up to and including
N, and connections between the nodes. This network architecture provides the interconnect
between the modules and can be deployed as an alternative for the conventional bus
architecture on an integrated circuit.

Fig. 2 illustrates a concept of multicast messages. A first module M, sends a
replicated write message MSG to at least two second modules M, M3 or alternatively the
write message MSG is replicated by the network. The acknowledgements of the second
modules M,, M3 merely indicate the receipt of the messages MSG; they are combined into a
single acknowledgement ACK which is sent to the first module M, after a certain amount of
time T. In this manner the result of the execution EXEC of the messages MSG is not taken
into account. This concept of multicast messages is known from the state of the art and 1s
applicable in networks on an integrated circuit.

Fig. 3 illustrates a concept of multicast transactions according to the invention.

A first module M; sends a replicated request REQ to at least two second modules M;, M.
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The individual responses RESP2, RESP3 of the second modules M», M indicate the result of
the execution EXEC of the requests; they are combined into a single response SRESP which
is sent to the first module M, after a certain amount of time T.

Fig. 4 illustrates a multicast transaction which imposes a large burden on the
first module M. The transaction comprises a replicated request leading to a plurality of
requests REQ and a plurality of individual responses RESP2, RESP3 up to and including
RESPn. The integrated circuit IC as illustrated in FIG. 1 comprises a plurality of modules Mj,
M,, M; up to and including M, connected by a network. A first module M, also referred to
as master, master module or as initiator, is configured to send the requests REQ to second
modules M, M3 up to and including M,, also referred to as slaves, slave modules or as
destinations. The second modules are configured to send the individual responses RESP2,
RESP3 up to and including RESPn to the first module.

A multicast transaction according to the invention is illustrated in FIG. 5. The
transaction comprises a replicated request leading to a plurality of requests REQ and a single
response SRESP. The integrated circuit IC again comprises a plurality of modules M;, M,
M; up to and including M, connected by a network. Through this network a single response
SRESP, based on the individual responses from the second modules M, M; up to and
including M,, can be sent to the first module M. The network is configured to send a single
response SRESP to the first module M; which indicates the result of the execution of the
requests REQ.

For this purpose the network can deploy a network interface which is coupled
to the first module M;. The network interface NI is then a component of the network which is
coupled to the first module M; and to at least one of the nodes Ny, Nz up to and including N,
as illustrated in FIG. 6. The network interface NI is able to combine the individual responses
RESP2, RESP3 up to and including RESPn from the second modules M, M3 up to and
including M, and generate a single response SRESP to the first module M;. Since the
network interface NI is arranged to perform this task instead of the first module M,, the
burden on the first module is reduced significantly. Alternatively, a dedicated node in the
network can perform this task depending on the configuration of the network. Since in this
manner the first module M, is made independent from the number of second modules M; M3
up to and including M, the reusability of the first module as a network component improves

significantly.
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A request comprises a basic command, for example a read or a write
command, and optionally it comprises a data part. A response comprises an
acknowledgement and optionally it comprises a data part.

For example, the requests REQ in a multicast transaction carry a read
command. The corresponding single response SRESP then carries an acknowledgement,
indicating the result of the execution of the read command by at least one of or by all second
modules M, M3 up to and including My, and it also carries the data, which are delivered to
the first module M;. Alternatively, the requests REQ carry a write command and the data,
which have to be written to the second modules M, M3 up to and including M;,. The
corresponding single response SRESP then carries an acknowledgement, but it does not carry
a data part.

An example of a more complex command is the test-and-set command, also
referred to as a compound command. The test-and-set command writes data to at least one of
the second modules M, M; up to and including M, dependent on a conditional test performed
on the second modules. The following multicast transactions are needed to perform this
compound command:

- a plurality of requests REQ to read the data needed to perform the conditional
test, the requests carrying a read command and information which indicates that a flag should
be set on the slaves, the flag indicating that other masters than master M; should not perform
write operations on the slaves; the corresponding single response SRESP carrying data parts
of the second modules and indicating which data parts belong to which second modules;

- a plurality of requests REQ to write new data to those second modules which
passed the conditional test, the requests carrying a write command, a data part and
information which indicates that the said flag should be unset; the corresponding single
response SRESP carrying an acknowledgement of the write operations.

The single response SRESP carrying data parts of the second modules M, M3 up to and
including M;, and indicating which data parts belong to which second modules forms part of a
read transaction which can be used independently or which can be used as a constituent to
perform the said test-and-set command.

Other particular commands (not described) may also use the concept of
multicast transactions which is disclosed herein.

As an example of the return values for a request comprising a read or a write
command, the individual responses from the slaves RESP2, RESP3 up to and including

RESPn can have the following values and their respective meanings:
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- ‘OK’: the command has been completed successfully;
- ‘ERR_DATA’: corrupted data received at or written to slave module;
- ‘ERR_DROPPED’: data dropped by the interconnect due to internal buffer
overflow;
- ‘ERR_PWR’: command could not be performed because the slave is in power-
saving mode;
- ‘ERR_SLAVE’: command failed due to internal error of the slave;
- ‘ERR_ADDR’: command failed because of an invalid address.

The single response SRESP may also have one of the above-mentioned values,
dependent on the values of the individual responses RESP2, RESP3 up to and including
RESPn from the slaves. For example, if the requests REQ were executed successfully by a
subset of the slaves and if the requests REQ resulted in an invalid address error by a different
subset of the slaves, then the individual responses RESP2, RESP3 up to and including RESPn
of the slaves can have two different values: ‘OK’ and ‘ERR_ADDR’. Alternatively, the
individual responses RESP2, RESP3 up to and including RESPn can have other values
depending on the type of error that occurred. One of the values can be marked as the value
representing the most serious error, for example ‘ERR_ADDR’. The value ’OK’ is marked as
the value representing no error. Depending on circumstances, the single response has the
value ‘OK’ or a value representing the most serious error of the individual responses.

Using a compound command like the test-and-set command may require other
contents of the single response SRESP. In the example of the test-and-set command, the
single response SRESP of the first multicast transaction can carry data parts of the second
modules M;, M; up to and including M, and can indicate which data parts belong to which
second modules. |

In an embodiment of the invention shown in FIG. 7, at least one of the
individual responses from the slaves must have the value ‘OK’ before the single response
with value ‘OK”’ for the master is generated.

In an embodiment of the invention illustrated in FIG. 8, all individual
responses from the slaves must have the value ‘OK’ before the single response with value
‘OK’ for the master is generated.

In another embodiment of the invention shown in FIG. 9, the values of the
individual responses from the slaves can be combined into a single response with the value
‘ERR_ADDR’ to specify that at least one error occurred and that the most serious error was

an invalid address error. The single response has the value ‘ERR_ADDR’ instead of
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‘ERR_PWR’ because an error caused by an invalid address is considered more serious than
an error caused by the power-saving mode of a slave. Alternatively, another error may be
considered more serious than the invalid address error, and therefore the hierarchy of error
messages may be different.

In another embodiment (not shown), a single response is generated, which is
larger and more descriptive, encoding for which slaves the errors have occurred. In this
embodiment all individual responses can be bundled in the single response for the master or
<slave identifier, error code> pairs can be bundled to form the single response.

Fig. 10 illustrates a possible implementation of the network functionality
according to the invention. A single response generator SRESP_GEN generates a single
response SRESP based on a function F of a plurality of individual responses RESP from the
second modules. In this case queues Q;, Q2, Q3, Q4 are associated with four second modules
sending individual responses RESP. The single response generator SRESP_GEN is
comprised in a network interface NI. Alternatively, the single response generator
SRESP_GEN is comprised in a dedicated node within the network. The network may
comprise more than one single response generator SRESP_GEN.

The single response generator SRESP_GEN has queues Qi, Q2, Qs, Q4 in
which the individual responses RESP are queued in order. This facilitates ordered data
transport and in this manner it is possible to perform reordering of responses before queuing.
If several single responses SRESP should be delivered to the first module M,, then the single
responses SRESP must be delivered in order. If individual responses RESP for a subsequent
single response SRESP exist in the queues, then the scheduler SCHED is notified. The
scheduler SCHED passes on one individual response RESP at a time to a function F. The
function F can be a comparison function, for example a function to generate a single response
SRESP with a value representing the most serious error that occurred. If all individual
responses RESP have been considered or if the result of function F cannot be changed by
remaining individual responses RESP, then the result of function F is passed on as the single
response SRESP.

An alternative implementation is shown in FIG. 11, in which generating
several single responses SRESP can be pipelined. A subsequent single response SRESP2 can
start being processed if some its individual responses RESP2 have arrived (for example in
queues Q; and Q3), even if the single response SRESP1 has not been processed completely

because not all of its individual responses RESP1 have arrived (only those in queues Q; and
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Q4 have arrived). This example illustrates the principle of pipelining for a pipeline depth of 2;
it can be generalized to a variable pipeline depth of N.

It is remarked that the scope of protection of the invention is not restricted to
the embodiments described herein. Neither is the scope of protection of the invention
restricted by the reference symbols in the claims. The word 'comprising’ does not exclude
other parts than those mentioned in a claim. The word 'a(n)' preceding an element does not
exclude a plurality of those elements. Means forming part of the invention may both be
implemented in the form of dedicated hardware or in the form of a programmed general-

purpose processor. The invention resides in each new feature or combination of features.
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CLAIMS:

1. Integrated circuit (IC) comprising a network and a plurality of modules (M,
M;, M; up to and including M,,), which are arranged to communicate to each other via the
network, wherein the network is arranged to establish transactions between a first module
(M)) and at least two second modules (M2, M3 up to and including M,), the network being
arranged to send a plurality of requests (REQ) from the first module to the second modules,
and wherein the second modules are arranged to generate individual responses (RESP2,
RESP3 up to and including RESPn) indicating a result of the execution of the requests
(REQ), characterized in that the network is arranged to generate a sirigle response (SRESP)
to the first module (M), dependent on the individual responses (RESP2, RESP3 up to and
including RESPn) of the second modules (M, M3 up to and including M,).

2. Integrated circuit (IC) according to claim 1, wherein the network comprises a

network interface (NI) to generate the single response (SRESP) to the first module (M;).

3. Integrated circuit (IC) according to claim 1, wherein the single response
(SRESP) has a value which is dependent on a specific function of the individual responses
(RESP2, RESP3 up to and including RESPn) of the second modules.

4. Integrated circuit (IC) according to claim 3, wherein the specific function is
defined such that the value of the single response (SRESP) indicates that at least one of the
second modules (M,, M; up to and including M) has successfully executed the requests
(REQ) issued by the first module (M,).

5. Integrated circuit (IC) according to claim 3, wherein the specific function is
defined such that the value of the single response (SRESP) indicates that each of the second
modules (M, M3 up to and including M) has successfully executed the requests (REQ)
issued by the first module (M,).
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6. Integrated circuit (IC) according to claim 3, wherein the specific function is
defined such that the value of the single response (SRESP) indicates a success if no error
occurred and the value of the single response indicates a failure if at least one error occurred,

wherein the value of the single response represents the most serious error.

7. Integrated circuit (IC) according to claim 3, wherein the specific function is
defined such that the value of the single response (SRESP) indicates which types of error

have occurred during execution of the requests (REQ).

8. Integrated circuit (IC) according to claim 1, wherein the individual responses
(RESP2, RESP3 up to and including RESPn) carry data parts transmitted by the second
modules (M, M; up to and including M), the single response (SRESP) comprising the data

parts and indicating which data parts originate from which second modules.

9. Method for establishing transactions in an integrated circuit (IC) comprising a
network and a plurality of modules (M;, M2, M3 up to and including M,), the transactions
between the modules being established via the network, wherein the network sends a
plurality of requests (REQ) from a first module (M,) to at least two second modules (M3, M;
up to and including M,), and wherein the second modules generate individual responses
(RESP2, RESP3 up to and including RESPn) indicating a result of the execution of the
requests (REQ), characterized in that the network generates a single response (SRESP) to the
first module (M), dependent on the individual responses (RESP2, RESP3 up to and
including RESPn) of the second modules (M;, M3 up to and including M,,).



WO 2004/034652 PCT/1B2003/004401

1/6

IC
Mo
M
N M3
No
Np
M n
FIG.1
| IC
M3
___________ S
|
EXEC




PCT/1B2003/004401

WO 2004/034652

2/6

IC

EXEC

REQ

e o e s o o ] e e e > e S e - -
) '

FIG.3

IC

R

RESP2

FIG.4



WO 2004/034652 PCT/1B2003/004401

3/6
IC
Mo
M1
SRESP
REQ M3
Mn
IC
Mo
M{— NI
N1 M3
N
Nn
Mn




WO 2004/034652

4/6

PCT/1B2003/004401

‘ERR_DATA




WO 2004/034652

PCT/1B2003/004401

5/6

IC
ERR_ADDR M
M ‘ERR_ADDR'
M3
‘ERR_PWR’

Mn

NI

SRESP_GEN
A U RESP
SRESP RESP

F
ﬂ‘ — RESP

RESP

SCHED

FIG.10



WO 2004/034652 PCT/1B2003/004401

6/6
NI
SRESP_GEN
— J A U RESP1

SRESP1 [] F | RESP2
SRESP2 i RESP2 |

RESP1




INTERNATIONAL SEARCH REPORT

lmerl-nal Application No
PCT/IB 03/04401

A. CLASSIFICATION OF SUBJECT MATTER

IPC 7 HO4L12/56 H04L29/06 HO4L12/28

According to International Patent Classification (IPC) orto both national classification and IPG

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 HOAL

Documentation searchad other than minimum documentation to the exient that such documents are included in the fields searched

Electronic data base consulted during the international search {name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Gitation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y DATABASE ‘Online! 1-9
S KUMAR ET AL: "A Network on Chip .
Architecture and Design Methodology"
retrieved from
CSDL.COMPUTER . ORG/COMP/PROCEEDINGS/ISVLSI/
2002/1486/00/14860117ABS.HTM
XP002263346
page 1, right-hand column, line 11 -page
2, right-hand column, line 14
page 3, left-hand column, 1ine 13 -page 6,
left-hand column, line 27; figures 1-4
Y WO 02 23814 A (SUN MICROSYSTEMS INC) 1-9
21 March 2002 (2002-03-21)
page 3, line 12 -page 4, line 23
page 5, line 8 - line 30; claims 1-25;
figures 3-6,8,9
-/—
m Further documents are listed in the continuation of box C. E Patent family members are listed in annex.

° Special categories of cited documents :

considered to be of particular relevance
*E* earlier document but published on or afterthe international

invention

‘L* document which may throw doubts on priority claim(s) or
which is cited to eslablish the publication dale of another
citation or other special reason (as specified)

*P* document published prior to the international filing date but

later than the priority date claimed '&" document member of the same patent family

*T* later document published after the international filing date

ape - or priority date and not in conflict with the application but
A" docurment defining the general state of the an which is not cilgd to znderstand the principle or theory u‘:l%erlying the

filing dat *X* document of particular relevance; the claimed invention
ing date cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of paricular relevance; the claimed invention
cannot be considered to involve an inventive step when the

*O* document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
inthe art.

Date of the actual completion of the international search

3 February 2004 11/03/2004

Date of mailing of the international search report

European Patent Office, P.B. 5818 Patenilaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 eponl,

Name and mailing address of the ISA Authorized officer

Fax: (+31-70) 340-3016 Schwibinger, H-P

Fom PCT/ISA/210 (second sheet) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Inte nal Application No

PCT/IB 03/04401

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication where appropriate, of the relevant passages

Relevant to claim No.

Y GUERRIER P ET AL: "A Generic Architecture
for On-Chip Packet-Switched
Interconnections”

27 March 2000 (2000-03-27), pages 250-256,
XP010377472

A page 251, left-hand column, line 10 -page
253, right-hand column, 1ine 17

page 254, right—hand column, 1ine 1 - line
54; figures 2-8

Y MOON SANG-JUN ET AL: "Scalable and
reliable ATM multicast employing RM cell
consolidation”

ELECTRONICS LETTERS, IEE STEVENAGE, GB,
vol. 35, no. 23,

11 November 1999 (1999-11-11), pages
2008-2009, XP006012937

ISSN: 0013-5194

A page 1, left-hand column, line 1
-right-hand column, line 38

1-3,8,9

1-3,8,9

4-7

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Inter __ tnal Application No

PCT/IB 03/04401

Patent document Publication Patent family Publication
cited In search report date member(s) date
WO 0223814 A 21-03-2002 AU 2445102 A 26-03-2002
Wo 0223814 A2 21-03-2002

Form PCT/ISA/210 (petent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

