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Description

FIELD OF THE INVENTION

[0001] The invention relates to an integrated circuit
having a plurality of processing modules and a network
arranged for transferring messages between processing
modules and a method for exchanging messages in such
an integrated circuit.

BACKGROUND OF THE INVENTION

[0002] Systems on silicon show a continuous increase
in complexity due to the ever increasing need for imple-
menting new features and improvements of existing func-
tions. 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 systems modules usually com-
municate to each other via a bus. As the number of mod-
ules increases however, this way of communication is no
longer practical for the following reasons. On the one
hand the large number of modules forms a too high bus
load. On the other hand 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.
[0003] Networks on chip (NoC) have received consid-
erable attention recently as a solution to the interconnect
problem in highly-complex chips . The reason is twofold.
First, NoCs help resolve the electrical problems in new
deep-submicron technologies, as they structure and
manage global wires. At the same time they share wires,
lowering their number and increasing their utilization.
NoCs can also be energy efficient and reliable and are
scalable compared to buses. Second, NoCs also decou-
ple computation from communication, which is essential
in managing the design of billion-transistor chips. NoCs
achieve this decoupling because they are traditionally
designed using protocol stacks, which provide well-de-
fined interfaces separating communication service us-
age from service implementation.
[0004] Technical literature on network on chip technol-
ogy exists in the articles "A Generic Architecture for On-
Chip Packet-Switched Interconnections" by P Guersier
(2000), and "A Network on Chip Architecture and Design
Methodology" by S Kumar (2002)..
[0005] Using networks for on-chip communication
when designing systems on chip (SoC), however, raises
a number of new issues that must be taken into account.
This is because, in contrast to existing on-chip intercon-

nects (e.g., buses, switches, or point-to-point wires),
where the communicating modules are directly connect-
ed, in a NoC the modules communicate remotely via net-
work nodes. As a result, interconnect arbitration changes
from centralized to distributed, and issues like out-of or-
der transactions, higher latencies, and end-to-end flow
control must be handled either by the intellectual property
block (IP) or by the network.
[0006] Most of these topics have been already the sub-
ject of research in the field of local and wide area networks
(computer networks) and as an interconnect for parallel
machine interconnect networks. For example see the dis-
closure of EP 1 083 768 A which teaches a method for
datatransmission in a communication system using IP,
a gateway buffer and other specialised devices. Both are
very much related to on-chip networks, and many of the
results in those fields are also applicable on chip. How-
ever, NoC’s premises are different from off-chip net-
works, and, therefore, most of the network design choic-
es must be reevaluated. On-chip networks have different
properties (e.g., tighter link synchronization) and con-
straints (e.g., higher memory cost) leading to different
design choices, which ultimately affect the network serv-
ices. Storage (i.e., memory) and computation resources
are relatively more expensive, whereas the number of
point-to-point links is larger on chip than off chip Storage
is expensive, because general-purpose on-chip memory,
such as RAMs, occupy a large area. Having the memory
distributed in the network components in relatively small
sizes is even worse, as the overhead area in the memory
then becomes dominant.
[0007] For on-chip networks computation too comes
at a relatively high cost compared to off-chip networks.
An off-chip network interface usually contains a dedicat-
ed processor to implement the protocol stack up to net-
work layer or even higher, to relieve the host processor
from the communication processing. Including a dedicat-
ed processor in a network interface is not feasible on
chip, as the size of the network interface will become
comparable to or larger than the IP to be connected to
the network. Moreover, running the protocol stack on the
IP itself may also be not feasible, because soften these
IPs have one dedicated function only, and do not have
the capabilities to run a network protocol stack.
[0008] The number of wires and pins to connect net-
work components is an order of magnitude larger on chip
than off chip. If they are not used massively for other
purposes than NoC communication, they allow wide
point-to-point interconnects (e.g., 300-bit links). This is
not possible off-chip, where links are relatively narrower:
8-16 bits.
[0009] On-chip wires are also relatively shorter than
off chip allowing a much tighter synchronization than off
chip. This allows a reduction in the buffer space in the
routers because the communication can be done at a
smaller granularity. In the current semiconductor tech-
nologies, wires are also fast and reliable, which allows
simpler link-layer protocol (e.g., no need for error correc-
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tion, or retransmission). This also compensates for the
lack of memory and computational resources.
[0010] Data ordering: In a network, data sent from a
source to a destination may arrive out of order due to
reordering in network nodes, following different routes,
or retransmission after dropping. For off-chip networks
out-of-order data delivery is typical. However, for NoCs
where no data is dropped, data can be forced to follow
the same path between a source and a destination (de-
terministic routing) with no reordering. This in-order data
transportation requires less buffer space, and reordering
modules are no longer necessary.
[0011] Introducing networks as on-chip interconnects
radically changes the communication when compared to
direct interconnects, such as buses or switches. This is
because of the multi-hop nature of a network, where com-
munication modules are not directly connected, but sep-
arated by one or more network nodes. This is in contrast
with the prevalent existing interconnects (i.e., buses)
where modules are directly connected. The implications
of this change reside in the arbitration (which must
change from centralized to distributed), and in the com-
munication properties (e.g., ordering, or flow control).
[0012] Transaction Ordering: Traditionally, on a bus all
transactions are ordered (cf. Peripheral VCI, AMBA, or
CoreConnect PLB and OPB). This is possible at a low
cost, because the interconnect, being a direct link be-
tween the communicating parties, does not reorder data.
However, on a split bus, a total ordering of transactions
on a single master may still cause performance penalties,
when slaves respond at different speeds. To solve this
problem, recent extensions to bus protocols allow trans-
actions to be performed on connections. Ordering of
transactions within a connection is still preserved, but
between connections there are no ordering constraints
(e.g., OCP, or Basic VCI). A few of the bus protocols
allow out-of-order responses per connection in their ad-
vanced modes (e.g., Advanced VCI), but both requests
and responses arrive at the destination in the same order
as they were sent.
[0013] In a NoC, ordering becomes weaker. Global or-
dering can only be provided at a very high cost due to
the conflict between the distributed nature of the net-
works, and the requirement of a centralized arbitration
necessary for global ordering. Even local ordering, be-
tween a source-destination pair, may be costly. Data may
arrive out of order if it is transported over multiple routes.
In such cases, to still achieve an in-order delivery, data
must be labeled with sequence numbers and reordered
at the destination before being delivered. The communi-
cation network comprises a plurality of partly connected
nodes. Messages from a module are redirected by the
nodes to one or more other nodes. To that end the mes-
sage comprises first information indicative for the location
of the addressed module(s) within the network. The mes-
sage 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 mod-
ule.
[0014] Destination Name and Routing: For a bus, the
command, address, and data are broadcasted on the
interconnect. They arrive at every destination, of which
one activates based on the broadcasted address, and
executes the requested command. This is possible be-
cause all modules are directly connected to the same
bus. In a NoC, it is not feasible to broadcast information
to all destinations, because it must be copied to all routers
and network interfaces. This floods the network with data.

SUMMARY OF THE INVENTION

[0015] It is an object of the invention to provide an in-
tegrated circuit and a method for exchanging messages
in an integrated circuit without introducing to many data
into the network.
[0016] This object is achieved by an integrated circuit
according to claim 1 and a method for exchanging mes-
sages according to claim 7.
[0017] Therefore, an integrated circuit comprising a
plurality of modules M, S, and a network N arranged for
transferring messages between said modules M, S is pro-
vided, wherein a message issued by a first module M
comprises first information indicative for a location of an
addressed module within the network, and second infor-
mation indicative for a location within the addressed mod-
ule S. Said integrated circuit further comprises at least
one address translation means AT for arranging the first
and the second information as a single address. Said
address translation means AT is adapted to determine
which module is addressed based on said single ad-
dress, and the selected location of the addressed module
S is determined based on said single address
[0018] Accordingly, the design of the first modules, i.e.
master modules, can be implemented independent of the
address mapping to the addressed modules, i.e. the
slave modules. Furthermore, a more efficient network
resource utilization is achieved and this scheme is back-
ward compatible with busses. The addressing is per-
formed by the address translation means.
[0019] According to an aspect of the invention, said
integrated circuit comprises at least one interface means
ANIP, PNIP associated to one of the modules M, S for
managing the communication between said associated
module M, S and the network N. Said address translation
means AT is arranged in one of said interface means
ANIP, PNIP.
[0020] According to a further aspect of the invention,
said address translation means AT is arranged in said
interface means ANIP, PNIP associated to said first mod-
ule M.
[0021] According to still a further aspect of the inven-
tion, said address translation means AT comprises an
address mapping table, in order to store the relation be-
tween the global and local memory mapping.
[0022] According to a further aspect of the invention,
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said address mapping table is static, programmable or
dynamic.
[0023] According to still a further aspect of the inven-
tion, said address mapping table contains fields for every
channel of a connection, for network interface ports AN-
IP, PNIP of a connection, and for local addresses in ad-
dressed modules S.
[0024] The invention also relates to a method for ex-
changing messages in an integrated circuit comprising
a plurality of modules M, S, the messages between the
modules M, S being exchanged via a network N, wherein
a message issued by a module M comprises first infor-
mation indicative for a location of an addressed module
S within the network, and second information indicative
for a location within the addressed module S. Address
translation AT is performed by arranging the first and the
second information as a single address. Said address
translation determines which module is addressed based
on said single address, and the selected location of the
addressed module (S) is determined based on said single
address.
[0025] The invention is based on the idea to hide the
addressing of data from a master module.
[0026] Further aspects of the invention are described
in the dependent claims.
[0027] These and other aspects of the invention are
apparent from and will be elucidated with reference to
the embodiment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWING

[0028]

Fig. 1 shows a System on chip according to a first
embodiment, and
Fig. 2 shows a System on chip according to a second
embodiment, and
Fig. 3 shows a System on chip according to a third
embodiment.

DECRIPTION OF THE PREFERRED EMBODIMENTS

[0029] The following embodiments relate to systems
on chip, i.e. a plurality of modules on the same chip com-
municate with each other via some kind of interconnect.
The interconnect is embodied as a network on chip NOC.
The network on chip may include wires, bus, time-division
multiplexing, switch, and/or routers within a network. At
the transport layer of said network, the communication
between the modules is performed over connections. A
connection is considered as a set of channels, each hav-
ing a set of connection properties, between a first module
and at least one second module. For a connection be-
tween a first module and a single second module (i.e.
simple connection), the connection comprises two chan-
nels, namely one from the first module to the second
channel, i.e. the request channel, and a second form the
second to the first module, i.e. the response channel.

The request channel is reserved for data and messages
from the first to the second, while the response channel
is reserved for data and messages from the second to
the first module. However, if the connection involves one
first and N second modules, 2*N channels are provided,
in order to provide e.g. a multicast connection. Here, the
first module issues requests to all second modules. The
connection properties may include ordering (data trans-
port in order), flow control (a remote buffer is reserved
for a connection, and a data producer will be allowed to
send data only when it is guaranteed that space is avail-
able for the produced data), throughput (a lower bound
on throughput is guaranteed), latency (upper bound for
latency is guaranteed), the lossiness (dropping of data),
transmission termination, transaction completion, data
correctness, priority, or data delivery.
[0030] Fig. 1 shows a system on chip according to a
first embodiment. The system comprises a master mod-
ule M, two slave modules S1, S2. Each module is con-
nected to a network N via a network interface NI, respec-
tively. The network interfaces NI are used as interfaces
between the master and slave modules M, S1, S2 and
the network N. The network interfaces NI are provided
to manage the communication of the respective modules
and the network N, so that the modules can perform their
dedicated operation without having to deal with the com-
munication with the network or other modules. The net-
work interfaces NI can send read rd and write wr requests
and operations between each other over the network.
[0031] Fig. 2 shows a system on chip according to a
second embodiment. The system comprises a master
module M and two slave modules S1, S2, a router net-
work N, and three network interfaces ANIP, PNIP be-
tween the modules and the router network N. The net-
work interfaces provide two network interface ports NIP
(one request and one response port) through which the
modules communicate with the router network N or other
modules via the router network N. The network interface
ports associated to the master module M is called the
active network interface ports ANIP and the network in-
terface associated to the slave modules are called the
passive network interface ports PNIP. The communica-
tion between the master module M and the slave modules
S1, S2 is based on request-response transactions, where
the master M initiates a transaction by placing a request,
possibly with some data or required connection proper-
ties. The request REQ is delivered to the slave module
S, via the active network interface port ANIP, the network
N and the passive network interface port PNIP. The re-
quest is executed by the slave module T and data is re-
turned as a response RESP if necessary or required.
This response RESP may include data and/or acknowl-
edgement for the master M. A process on the master M
may see an address map of 0-FF, which is allocated in
the memories of the two slaves S1, S2, i.e. 0 - 7F in the
memory of the first slave S1 and 80-FF in the memory
of the second slave S2. An address can be decoded at
the source to find a route to the destination module. A
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transaction address will therefore have two parts: (a) a
destination identifier, and (b) an internal address at the
destination.
[0032] Connections between the modules / network in-
terfaces can be classified as follows:

- A simple connection is a connection between one
ANIP and one PNIP.

- A multicast connection is a connection between one
ANIP and one or more PNIPs, in which the sent mes-
sages are duplicated and each PNIP receives a copy
of those messages. In a multicast connection no re-
turn messages are currently allowed, because of the
large traffic they generate (i.e., one response per
destination). It could also increase the complexity in
the ANIP because individual responses from PNIPs
must be merged into a single response for the ANIP.
This requires buffer space and/or additional compu-
tation for the merging itself.

- A narrowcast connection is a connection between
one ANIP and one or more PNIPs, in which each
transaction that the ANIP initiates is executed by ex-
actly one PNIP. An example of the narrowcast con-
nection, where the ANIP performs transactions on
an address space which is mapped on two memory
modules. Depending on the transaction address, a
transaction is executed on only one of these two
memories.

[0033] A narrowcast connection can be implemented
by decoding each transaction address at the active net-
work interface ports ANIP. According to the decoding,
the target slave of the transaction is identified and the
transaction request is only sent to that particular slave,
i.e. the request will only be visible to the target slave and
not to all of the slaves in the network.
[0034] Fig. 3 shows a system on chip according to a
third embodiment of the invention. The system according
to the third embodiment is based on the system according
to the second embodiment. Additionally, the active net-
work interface ports ANIP comprise an address transla-
tion manager AT having an address mapping table AMT,
wherein the address translation manager AT performs
the decoding of address of the target slave based on
information stored in an address mapping table AMT.
Said address mapping table AMT can be implemented
on a static, programmable or dynamic basis and may
contain fields for every channel of a connection, for the
connection identifier, for network interface ports ANIP,
PNIP of a connection, and/or for local addresses in ad-
dressed modules S.
[0035] Every address in a slave has a global and a
local address. The global address relates to address as
seen from the processing on the master M and the local
address relates to the address a slave. The address
range of the global address may be 0000 - FFFF, while
a range within a slave may be 000 - FFF.
[0036] The global address may be formed in different

ways. Firstly, it is constituted by a network address and
a local address. The network address may be the port
identifier of the receiving module, i.e. the port_ID of the
passive network interface ports PNIP. Such a scheme
would be backward compatible.
[0037] Secondly, the global address is constituted by
a connection identifier (connection id) and a local address
as minimum information or alternatively the connection
identifier, the passive network interface ports PNIP and
the local address. The provision of the passive network
interface ports PNIP is in some cases redundant but in-
creases the safety of the scheme. In the case of a master,
a connection id identifies several slaves, and there
should be some means to select one of them. The net-
work interface port NIP address or global address (from
which a passive network interface port PNIP id is derived)
are still needed. In both cases (i.e., network interface (NI)
address and global address), checks as means for se-
lection are possible, as only a subset of the network in-
terface ports NIPs are mapped to the connection:

a) The address translation is performed based on a
connection id + global address, i.e. on the passive
network interface port PNIP) id and the local ad-
dress, possibly also with communication properties
of the connection and check.
b) The address translation is performed based on a
connection id, passive network interface port PNIP
id + a local address, possibly also with communica-
tion properties of the connection and check.

[0038] In the case of a slave, a connection id is enough
to determine the destination of data. This destination is
the unique master connected at the unique ANIP of that
connection.
[0039] As described above, the address translation is
performed by the address translation manager AT in the
active network interface, wherein the address translation
manager AT comprises its own address mapping table
AMT, where all information is stored which is required to
perform the address translation. However, the address
translation manager AT and/or the address mapping ta-
ble AMT may also be arranged not in the network inter-
face but centrally in the network N.
[0040] According to a further embodiment of the inven-
tion, the functionality of a narrowcast connection can also
be achieved using simple or multicast connections, how-
ever at higher cost, with less flexibility and/or hampering
the modules reusability. A narrowcast connection can be
implemented using several simple connections to each
slave module S. According to the address the master
module M or its active network interface port ANIP selects
an appropriate simple connection. Differential properties
of the connection, i.e. different connection properties for
the respective channels of a connection, can still be im-
plemented per slave. However the master module M
needs to know the allocation of the address map in ad-
vance, which will hamper the reusability. The usage of
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simple connection make the programming of the master
module more difficult as multiple connection identifiers
have to be managed. Multiple buffers, i.e. one for each
simple connection, have to be allocated for the respective
responses if multiple simple connection are used. How-
ever, this may require more memory than allocating a
single larger buffer as used in narrowcast connections.
For the case that ordered narrowcast transactions are
required, these have to be implemented on a higher level,
since no ordering guarantees are provided across con-
nections.
[0041] Alternatively, a narrowcast connection may be
implemented on the basis of multicast connections. A
multicast connection connects a master M to one or more
slaves S1, S2. For a transaction with a response, all
slaves will respond but merely a single response is re-
turned to the master. This filtering of response messages
may be performed be an active network interface ANIP
associated to the master. Alternatively, a narrowcast con-
nection based on a multicast connection can be achieved
by implementing a transaction filter at the slaves, i.e. the
filtering is performed by a passive network interface PNIP
associated to the slave. The PNIP decides to forward a
transaction or not to the associated slave depending on
the transaction address. However, since a multicast con-
nection expects a response form each slave, the PNIPs
must include empty responses, which can then be filtered
by the ANIP or the module. This scheme allows simple
programming of the master, since merely a single con-
nection is involved. The reusability of the designs of the
master modules M is also increased, since there is no
need for being aware of the address allocation on the
respective slaves. But a considerable amount of unnec-
essary network traffic, i.e. the traffic to and from the
slaves not addressed, is generated for which buffering
is also required. Finally, since the requests are send to
every slave, a fine-tune of the differential bandwidth al-
location per slave can be performed.
[0042] A transaction without a response (e.g. a posted
write) is said to be complete when it has been executed
by the slave. As there is no response message to the
master, no guarantee regarding transaction completion
can be given.
[0043] A transaction with a response (e.g. an acknowl-
edged write) is said to be complete when a RETSTAT
message is received from the ANIP. Recall that when
data is received as a response (RETDATA), a RETSTAT
(possibly implicit) is also received to validate the data.
The transaction may either be executed successfully, in
which case a success RETSTAT is returned, fail in its
execution at the slave, and then an execution error RET-
STAT is returned, or fail because of buffer overflow in a
connection with no flow control, and then it reports an
overflow error. We assume that when a slave accepts a
CMD requesting a response, the slave always generates
the response.
[0044] In the network, routers do not drop data, there-
fore, messages are always guaranteed to be delivered

at the NI. For connections with flow control, also NIs do
not drop data. Thus, message delivery and, thus, trans-
action completion to the IPs is guaranteed automatically
in this case.
[0045] However, if there is no flow control, messages
may be dropped at the network interface in case of buffer
overflow. All of CMD, OUTDATA, and RETDATA may be
dropped at the NI. To guarantee transaction completion,
RETSTAT is not allowed to be dropped. Consequently,
in the ANIPs enough buffer space must be provided to
accommodate RETSTAT messages for all outstanding
transactions. This is enforced by bounding the number
of outstanding transactions.
[0046] Now the ordering requirements between differ-
ent transactions within a single connection are described.
Over different connections no ordering of transactions is
defined at the transport layer.
[0047] There are several points in a connection where
the order of transactions can be observed:(a) the order
in which the master module M, I presents CMD messages
to the ANIP, (b) the order in which the CMDs are delivered
to the slave module T, S by the PNIP, (c) the order in
which the slave module T, S presents the responses to
the PNIP, and (d) the order the responses are delivered
to the master by the ANIP. Note that not all of (b), (c),
and (d) are always present. Moreover, there are no as-
sumptions about the order in which the slaves execute
transactions; only the order of the responses can be ob-
served. The order of the transaction execution by the
slaves is considered to be a system decision, and not a
part of the interconnect protocol.
[0048] At both ANIP and PNIPs, outgoing messages
belonging to different transactions on the same connec-
tion are allowed to be interleaved. For example, write
commands can be issued, and only afterwards their data.
If the order of OUTDATA messages differs from the order
of CMD messages, transaction identifiers must be intro-
duced to associate OUTDATAs with their corresponding
CMD.
[0049] Outgoing messages can be delivered by the
PNIPs to the slaves (see b) as follows:

- Unordered, which imposes no order on the delivery
of the outgoing messages of different transactions
at the PNIPs.

- Ordered locally, where transactions must be deliv-
ered to each PNIP in the order they were sent (a),
but no order is imposed across PNIPs. Locally-or-
dered delivery of the outgoing messages can be pro-
vided either by an ordered data transportation, or by
reordering outgoing messages at the PNIP.

- Ordered globally, where transactions must be deliv-
ered in the order they were sent, across all PNIPs
of the connection. Globally-ordered delivery of the
outgoing part of transactions require a costly syn-
chronization mechanism.

[0050] Transaction response messages can be deliv-

9 10 



EP 1 552 669 B1

7

5

10

15

20

25

30

35

40

45

50

55

ered by the slaves to the PNIPs (c) as Ordered, when
RETDATA and RETSTAT messages are returned in the
same order as the CMDs were delivered to the slave (b),
or as Unordered, otherwise. When responses are unor-
dered, there has to be a mechanism to identify the trans-
action to which a response belongs. This is usually done
using tags attached to messages for transaction identi-
fications (similar to tags in VCI).
[0051] Response messages can be delivered by the
ANIP to the master (see d) as follows:

- Unordered, which imposes no order on the delivery
of responses. Here, also, tags must be used to as-
sociate responses with their corresponding CMDs.
Ordered locally, where RETDATA and RETSTAT
messages of transactions for a single slave are de-
livered in the order the original CMDs were present-
ed by the master to the ANIP. Note that there is no
ordering imposed for transactions to different slaves
within the same connection.

- Globally ordered, where all responses in a connec-
tion are delivered to the master in the same order as
the original CMDs. When transactions are pipelined
on a connection, then globally-ordered delivery of
responses requires reordering at the ANIP.

[0052] All 3 X 2 X 3 = 18 combinations between the
above orderings are possible. Out of these, we define
and offer the following two. An unordered connection is
a connection in which no ordering is assumed in any part
of the transactions. As a result, the responses must be
tagged to be able to identify to which transaction they
belong. Implementing unordered connections has low
cost, however, they may be harder to use, and introduce
the overhead of tagging.
[0053] An ordered connection is defined as a connec-
tion with local ordering for the outgoing messages from
PNIPs to slaves, ordered responses at the PNIPs, and
global ordering for responses at the ANIP. We choose
local ordering for the outgoing part because the global
ordering has a too high cost, and has few uses. The or-
dering of responses is selected to allow a simple pro-
gramming model with no tagging. Global ordering at the
ANIP is possible at a moderate cost, because all the re-
ordering is done locally in the ANIP. A user can emulate
connections with global ordering of outgoing and return
messages at the PNIPs using non-pipelined acknowl-
edged transactions, at the cost of high latency.
[0054] In the network, throughput can be reserved for
connections in a time-division multiple access (TDMA)
fashion, where bandwidth is split in fixed-size slots on a
fixed time frame. Bandwidth, as well as bounds on latency
and jitter can be guaranteed when slots are reserved.
They are all defined in multiples of the slots.
[0055] As mentioned earlier, the network guarantees
that messages are delivered to the NI. Messages sent
from one of the NIPs are not immediately visible at the
other NIP, because of the multi-hop nature of networks.

Consequently, handshakes over a network would allow
only a single message be transmitted at a time. This limits
the throughput on a connection and adds latency to trans-
actions. To solve this problem, and achieve a better net-
work utilization, the messages must be pipelined. In this
case, if the data is not consumed at the PNIP at the same
rate it arrives, either flow control must be introduced to
slow down the producer, or data may be lost because of
limited buffer space at the consumer NI.
[0056] A set of NoC services is defined that abstract
from the network details. Using these services in IP de-
sign decouples computation and communication. A re-
quest-response transaction model is used to be close to
existing on-chip interconnect protocols. This eases the
migration of current IPs to NoCs. To fully utilize the NoC
capabilities, such as high bandwidth and transaction con-
currency, connection-oriented communication are pro-
vided. Connections can be configured independently
with different properties. These properties include trans-
action completion, various transaction orderings, band-
width lower bounds, latency and jitter upper bounds, and
flow control.
[0057] As described above, NoCs have different prop-
erties from both existing off-chip networks and existing
on-chip interconnects. As a result, existing protocols and
service interfaces cannot be adopted directly to NoCs,
but must take the characteristics of NoCs into account.
For example, a protocol such as TCP/IP assumes the
network is lossy, and includes significant complexity to
provide reliable communication. Therefore, it is not suit-
able in a NoC where we assume data transfer reliability
is already solved at a lower level. On the other hand,
existing on-chip protocols such as VCI, OCP, AMBA, or
CoreConnect are also not directly applicable. For exam-
ple, they assume ordered transport of data: if two re-
quests are initiated from the same master, they will arrive
in the same order at the destination. This does not hold
automatically for NoCs. Atomic chains of transactions
and end-to-end flow control also need special attention
in a NoC interface.
[0058] The modules as described in Fig. 1 and 2 can
be so-called intellectual property blocks IPs (computation
elements, memories, or subsystems containing intercon-
nect modules) that interact with network at said network
interfaces NI. NIs provide NI ports NIP through which the
communication services are accessed. A NI can have
several NIPs to which one or more IPs can be connected.
Similarly, an IP can be connected to more than one NI
and NIP.
[0059] The communication over the network is per-
formed by the network interfaces on connections, i.e. the
initiator and the target module are invisible to the network.
Connections are introduced to describe and identify com-
munication with different properties, such as guaranteed
throughput, bounded latency and jitter, ordered delivery,
or flow control. For example, to distinguish and independ-
ently guarantee communication of 1Mbs and 25Mbs, two
connections can be used. Two NIPs can be connected
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by multiple connections, possibly with different proper-
ties. Connections as defined here are similar to the con-
cept of threads and connections from OCP and VCI.
Where in OCP and VCI connections are used only to
relax transaction ordering, we generalize from only the
ordering property to include configuration of buffering and
flow control, guaranteed throughput, and bounded laten-
cy per connection.
[0060] The connections according to the embodiments
of the invention must be first created or established with
the desired properties before being used. This may result
in resource reservations inside the network (e.g., buffer
space, or percentage of the link usage per time unit). If
the requested resources are not available, the network
RN will refuse the request. After usage, connections are
closed, which leads to freeing the resources occupied by
that connection.
[0061] To allow more flexibility in configuring connec-
tions, and, hence, better resource allocation per connec-
tion, the outgoing and return parts of connections can be
configured independently. For example, a different
amount of buffer space can be allocated in the NIPs at
the master and slaves, or different bandwidths can be
reserved for requests and responses.
[0062] Communication takes place on connections us-
ing transaction, consisting of a request and possibly a
response. The request encodes an operation (e.g., read,
write, flush, test and set, nop) and possibly carries out-
going data (e.g., for write commands). The response re-
turns data as a result of a command (e.g., read) and/or
an acknowledgment. Connections involve at least two
NIPs. Transactions on a connection are always started
at one and only one of the NIPs, called the connection’s
active NIP (ANIP). All the other NIPs of the connection
are called passive NIPs (PNIP).
[0063] There can be multiple transactions active on a
connection at a time, but more generally than for split
buses. That is, transactions can be started at the ANIP
of a connection while responses for earlier transactions
are pending. If a connection has multiple slaves, multiple
transactions can be initiated towards different slaves.
Transactions are also pipelined between a single master-
slave pair for both requests and responses. In principle,
transactions can also be pipelined within a slave, if the
slave allows this.
[0064] A transaction can be composed from the follow-
ing messages:

- A command message (CMD) is sent by the ANIP,
and describes the action to be executed at the slave
connected to the PNIP. Examples of commands are
read, write, test and set, and flush. Commands are
the only messages that are compulsory in a trans-
action. For NIPs that allow only a single command
with no parameters (e.g., fixed-size address-less
write), we assume the command message still ex-
ists, even if it is implicit (i.e., not explicitly sent by the
IP).

- An out data message (OUTDATA) is sent by the AN-
IP following a command that requires data to be ex-
ecuted (e.g., write, multicast, and test-and-set).

- A return data message (RETDATA) is sent by a PNIP
as a consequence of a transaction execution that
produces data (e.g., read, and test-and-set).

- A completion acknowledgment message (RET-
STAT) is an optional message which is returned by
PNIP when a command has been completed. It may
signal either a successful completion or an error. For
transactions including both RETDATA and RET-
STAT the two messages can be combined in a single
message for efficiency. However, conceptually, they
exist both: RETSTAT to signal the presence of data
or an error, and RETDATA to carry the data. In bus-
based interfaces RETDATA and RETSTAT typically
exist as two separate signals.

[0065] Messages composing a transaction are divided
in outgoing messages, namely CMD and OUTDATA, and
response messages, namely RETDATA, RETSTAT.
Within a transaction, CMD precedes all other messages,
and RETDATA precedes RETSTAT if present. These
rules apply both between master and ANIP, and PNIP
and slave.
[0066] It should be noted that the above-mentioned
embodiments illustrate the invention, and that those
skilled in the art will be able to design many alternative
embodiments. In the claims, any reference signs placed
between parentheses shall not be construed as limiting
the claim. The word "comprising" does not exclude the
presence of elements or steps other than those listed in
a claim.

Claims

1. Integrated circuit comprising a plurality of modules
(M, S), and a network (N) arranged for transferring
messages between said modules (M, S), wherein a
message issued by a first module (M) comprises first
information indicative for a location of an addressed
module within the network, and second information
indicative for a location within the addressed module
(S),
at least one network interface means (ANIP, PNIP)
coupled between one of the modules (M, S) and the
network (N) for managing the communication be-
tween said associated module (M, S) and the net-
work (N), characterized by
at least one address translation means (AT) ar-
ranged in one of said interface means (ANIP, PNIP)
for arranging the first and the second information as
a single address,
wherein said address translation means (AT) is
adapted to determine which module is addressed
based on said single address, and
wherein the network interface determines the select-
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ed location of the addressed module (S) based on
said single address.

2. Integrated circuit according to claim 1, wherein
wherein said address translation means (AT) is ar-
ranged in said interface means (ANIP, PNIP) asso-
ciated to said first module (M).

3. Integrated circuit according to claim 1 or 2, wherein
said address translation means (AT) comprises an
address mapping table (AMT).

4. Integrated circuit according to claim 3, wherein
said address mapping table (AMT) contains fields
for every channel of a connection, for network inter-
face ports (ANIP, PNIP) of a connection, and for local
addresses in addressed modules (S).

5. Method for exchanging messages in an integrated
circuit comprising a plurality of modules (M, S), the
messages between the modules (M, S) being ex-
changed via a network (N) comprised within the in-
tegrated circuit, wherein a message issued by a
module (M) comprises first information indicative for
a location of an addressed module (S) within the net-
work, and second information indicative for a location
within the addressed module (S), the method char-
acterized by the steps of:

- managing the communication between a mod-
ule (M, S) and the network by a network interface
(ANIP, PNIP) coupled between one of the mod-
ules (M, S) and the network (N),
- arranging the first and the second information
as a single address,
- determining which module is addressed based
on said single address, and
- determining the selected location of the ad-
dressed module (S) based on said single ad-
dress.

Patentansprüche

1. Integrierte Schaltung mit einer Anzahl Module (M,
S), und mit einem Netzwerk (N) vorgesehen zum
Übertragen von nachrichten zwischen den genann-
ten Modulen (M, S), wobei eine von einem ersten
Modul (M) ausgelieferte Nachricht erste Information
enthält, die für eine Stelle eines adressierten Moduls
innerhalb des Netzwerkes indikativ ist, und zweite
Information, die für eine Stelle innerhalb des adres-
sierten Moduls (S) indikativ ist,
wobei wenigstens ein Netzwerkschnittstellenmittel
(ANIP, PNIP) zwischen einem der Module (M, S) und
dem Netzwerk (N) gekoppelt ist, und zwar zum Ver-
walten der Kommunikation zwischen dem genann-
ten assoziierten Modul (M, S) und dem Netzwerk

(N), gekennzeichnet durch
wenigstens ein Adressenübersetzungsmittel (AT),
vorgesehen in einem der genannten Schnittstellen-
mittel (ANIP, PNIP) zum Gliedern der ersten und der
zweiten Information als eine einzige Adresse,
wobei das genannte Adressenübersetzungsmittel
(AT) dazu vorgesehen ist, zu ermitteln, welches Mo-
dul auf Basis der genannten einzigen Adresse adres-
siert ist, und
wobei die Netzwerkschnittstelle die selektierte Stelle
des adressierten Moduls (S) auf Basis der genann-
ten einzigen Adresse ermittelt.

2. Integrierte Schaltung nach Anspruch 1, wobei
das genannte Adressenübersetzungsmittel (AT) in
dem genannten Schnittstellenmittel (ANIP, PNIP)
vorgesehen ist, das mit dem genannten ersten Mo-
dul (M) assoziiert ist.

3. Integrierte Schaltung nach Anspruch 1 oder 2, wobei
das genannte Adressenübersetzungsmittel (AT) ei-
ne Adressenabbildungstabelle (AMT) aufweist.

4. Integrierte Schaltung nach Anspruch 3, wobei
die genannte Adressenabbildungstabelle (AMT)
Felder für jeden Kanal einer Verbindung enthält, für
Netzwerkschnittstellenporten (ANIP, PNIP) einer
Verbindung, und für örtliche Adressen in adressier-
ten Modulen (S).

5. Verfahren zum Austauschen von Nachrichten in ei-
ner integrierten Schaltung mit einer Anzahl Module
(M, S), wobei die Nachrichten zwischen den Modu-
len (M, S) über ein Netzwerk (N), das sich in der
integrierten Schaltung befindet, ausgetauscht wer-
den, wobei eine von einem Modul (M) ausgelieferte
Nachricht erste Information enthält, die für eine Stel-
le eines adressierten Moduls (S) innerhalb des Netz-
werkes indikativ ist, und zweite Information, die für
eine Stelle innerhalb des adressierten Moduls (S)
indikativ ist,
wobei das Verfahren durch die nachfolgenden Ver-
fahrensschritte gekennzeichnet wird:

- das Verwalten der Kommunikation zwischen
einem Modul (M, S) und dem Netzwerk durch
eine Netzwerkschnittstelle (ANIP, PNIP), die
zwischen einem der Module (M, S) und dem
Netzwerk (N) gekoppelt ist,
- das Gliedern der ersten und der zweiten Infor-
mation als eine einzige Adresse,
- das Ermitteln, welches Modul auf Basis der
genannten einzigen Adresse adressiert ist, und
- das Ermitteln der selektierten Stelle des adres-
sierten Moduls (S) auf Basis der genannten ein-
zigen Adresse.
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Revendications

1. Circuit intégré comprenant une pluralité de modules
(M, S), et un réseau (N) aménagé pour transférer
des messages entre lesdits modules (M, S), dans
lequel un message généré par un premier module
(M) comprend une première information indiquant
un emplacement d’un module adressé dans le ré-
seau, et une deuxième information indiquant un em-
placement dans le module adressé (S),
au moins un moyen d’interface de réseau (ANIP,
PNIP) couplé entre un des modules (M, S) et le ré-
seau (N) pour gérer la communication entre ledit mo-
dule associé (M, S) et réseau (N), caractérisé par :

au moins un moyen de traduction d’adresse (AT)
aménagé dans un desdits moyens d’interfaces
(ANIP, PNIP) pour aménager la première et la
deuxième information en une adresse unique,

dans lequel ledit moyen de traduction d’adresse (AT)
est aménagé pour déterminer le module qui est
adressé sur la base de ladite adresse unique, et
dans lequel l’interface de réseau détermine l’empla-
cement sélectionné du module adressé (S) sur la
base de ladite adresse unique.

2. Circuit intégré selon la revendication 1, dans lequel
ledit moyen de traduction d’adresse (AT) est amé-
nagé dans lesdits moyens d’interface (ANIP, PNIP)
associés audit premier module (M).

3. Circuit intégré selon la revendication 1 ou 2, dans
lequel
ledit moyen de traduction d’adresse (AT) comprend
une table de correspondance d’adresses (AMT).

4. Circuit intégré selon la revendication 3, dans lequel
ladite table de correspondance d’adresses (AMT)
contient des champs pour chaque canal d’une con-
nexion, pour des ports d’interface de réseau (ANIP,
PNIP) d’une connexion, et pour des adresses locales
dans des modules adressés (S).

5. Procédé d’échange de messages dans un circuit in-
tégré comprenant une pluralité de modules (M, S),
les messages entre les modules (M, S) étant échan-
gés via un réseau (N) compris dans le réseau intégré,
dans lequel un message généré par un module (M)
comprend une première indication d’un emplace-
ment d’un module adressé (S) dans le réseau, et
une deuxième information indiquant un emplace-
ment dans le module adressé (S), le procédé étant
caractérisé par les étapes suivantes :

- gestion de la communication entre un module
(M, S) et le réseau par une interface de réseau
(ANIP, PNIP) couplée entre un des modules (M,

S) et le réseau (N),
- aménagement de la première et de la deuxiè-
me information en une adresse unique,
- détermination du module qui est adressé sur
la base de ladite adresse unique, et
- détermination de l’emplacement sélectionné
du module adressé (S) sur la base de ladite
adresse unique.
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