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IN THE CLAIMS 

Please amend the claims as follows: 

1. ( original) An integrated circuit (10) comprising: 

a plurality of functional blocks (101, 102, 103, 104); and 

a data communication network comprising a plurality of network stations (105-108, 

110, 120, 130, 140) being interconnected via a plurality of communication channels (150) for 

communicating data packages between the functional blocks (101, 102, 103, 104), each data package 

comprising N data elements including a data element comprising routing information for the 

network stations (105-108, 110, 120, 130, 140), N being an integer of at least two, the plurality of 

network stations comprising a plurality of data routers (110, 120, 130, 140) and a plurality of 

network interfaces (105-108), each of the data routers (110, 120, 130, 140) being coupled to a 

functional block (101, 102, 103, 104) via a network interface (105-108), the data communication 

network (100) comprising a first network station (140) and a second network station (120) 

interconnected through a first communication channel (150), the network comprising M*N data 

storage elements (160), M being a positive integer, for introducing a delay ofM*N cycles on the 

first communication channel (150). 

2. (original) An integrated circuit (10) as claimed in Claim 1, wherein each communication 

channel (150) comprises: 

a first subchannel (152) between an input port of a first associated network station 

and and an output port of a second associated network station; and 
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a second subchannel (154) between an input port of the second associated network station 

and and an output port of the first associated network station for enabling duplex communication 

between the two associated network stations. 

3. (original) An integrated circuit (10) as claimed in Claim 2, wherein the M*N data 

elements (160) are distributed over the first subchannel (152) and the second subchannel (152; 154) 

of the first communication channel (150). 

4. ( original) An integrated circuit as claimed in claim 3, wherein: 

the first network station is arranged to evaluate the routing information in a first cycle 

and the second network station is arranged to evaluate the routing information in a second cycle, the 

difference between the first cyle and the second cycle being A cycles; and 

the first subchannel (152) of the first communication channel (150) exhibits a delay of A 

cycles implemented by A data storage elements (160) and the second subchannel (154) exhibits a 

delay ofB cycles implemented by B data storage elements (160), A and B being positive integers, 

with A+ B = M*N. 

5. ( original) An integrated circuit as claimed in claim 4, wherein any network path from a 

further network station being arranged to evaluate the routing information in the second cycle to the 

f"rrst network station comprises C delay elements, C being a positive integer with C modulo N = A; 

and any network path to the further network station from the first network station comprises D delay 

elements; D being a positive integer with D modulo N = B. 
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6. (currently amended) An integrated circuit (10) as claimed in C-l-atn1---l---SClaim 1, wherein 

M= 1. 

7. (original) An integrated circuit (10) as claimed in Claim 3, wherein the first subchannel 

(152) and the second subchannel (154) of the first communication channel (150) each comprise a 

delay introduced by ½*M*N data storage elements (160). 

8. ( currently amended) An integrated circuit (10) as claimed in Claim 1 ·-i.'>'f-·;\ further 

comprising a clock signal generator, the plurality of network stations (110, 120, 130, 140) and the 

M*N storage elements (160) being responsive to the clock signal generator. 

9. (currently amended) An integrated circuit (10) as claimed in claim 1--HF-J, wherein each 

network station (110, 120, 130, 140) comprises a first memory element and a second memory 

element associated with a communication port of said network station, the first memory element 

being arranged to store routing information from a data package requiring a first service level 

associated with said communication port and the second memory element being arranged to store 

routing information from a data package requiring a second service level associated with said 

communication port. 

10. (original) A method of designing an integrated circuit (10) comprising a plurality of 

functional blocks (101, 102, 103, 104), and a data communication network comprising a plurality of 

network stations (105-108, 110, 120, 130, 140) being interconnected via a plurality of 

communication channels (150) for communicating data packages between the functional blocks 
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(101, 102, 103, 104), each data package comprising N data elements including a data element 

comprising routing information for the network stations (105-108, 110, 120, 130, 140), N being an 

integer of at least two, the plurality of network stations comprising a plurality of data routers ( 110, 

120, 130, 140) and a plurality of network interfaces (105-108), each of the data routers (110, 120, 

130, 140) being coupled to a functional block (101, 102, 103, 104) via a network interface; the 

method comprising: 

identifying a first communication channel (150) between a first network station (140) 

and a second network station (120) that has a data transfer delay exceeding a predefined delay 

threshold; and 

inserting M*N data storage elements (160) into the data communication network 

(100), M being a positive integer, for introducing a delay of M*N cycles on the first communication 

channel (150). 

11. ( original) A method as claimed in Claim 10, wherein each communication channel 

(150) comprises a first subchannel (152) between an input port of a first associated network station 

and and an output port of a second associated network station and a second subchannel (154) 

between an input port of the second associated network station and and an output port of the first 

associated network station for enabling duplex communication between the two associated network 

stations; and 

the first network station being arranged to evaluate the routing information in a first 

cycle and the second network station being arranged to evaluate the routing information in a second 

cycle, the difference between the first cyle and the second cycle being A cycles, the method further 

compnsmg: 
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inserting A data storage elements into the first subchannel (152) of the first 

communication channel (150) for introducing a delay of A cycles onto said first subchannel; and 

inserting B data storage elements into the second subchannel (154) of the first 

communication channel (150) for introducing a delay ofB cycles onto said second subchannel; A 

and B being positive integers, with A+ B = M*N. 
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REMARKS 

This is a preliminary amendment. The claims are amended for non-statutory reasons: to 

remove multiple dependencies, to correct one or more informalities, to remove figure label 

number(s), and/or to replace European-style claim phraseology with American-style claim language. 

The claims are not narrowed in scope and no new matter is added. 

The amendment to the claims does not address issues of patentability. Applicant(s) 

reserve(s) the right to continue prosecution of any subject matter canceled, or not claimed because of 

eliminating multiple dependencies, in this, a divisional, or other continuing application. 

Examination of the application is now respectfully requested. If any points remain in issue 

that may best be resolved through a personal or telephonic interview, the Examiner is respectfully 

requested to contact the undersigned at the telephone number listed below. 

Respectfully submitted, 

By /Yan Glickberg/ 
Yan Glickberg, Reg. 51,742 
Attorney 
(914) 333-9618 
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comprises a plurality of functional blocks (101, 102, 103, 104) and a plurality of data routers (110, 120, 130, 140), each being coupled 
to a functional block (101, 102, 103, 104). The introduction of a delay of one or more data packages on a slow communication 
channel ( 150) facilitates an increase of the maximum clock speed of the data communication over the data communication network 
(100). 
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DESCRIPTION 

INTEGRATED CIRCUIT WITH DATA COMMUNICATION 

NETWORK AND IC DESIGN METHOD 

The present invention relates to an integrated circuit having a plurality of 

functional blocks interconnected via a data communication network. 

Nowadays, most integrated circuits (ICs) are very large scale integration 

(VLSI) circuits having a large number of features that typically implement a 

large number of functions on board the IC. The various functions may be 

located in discrete functional blocks, e.g. system on chip (SoC) architectures. 

The interconnect of the functional blocks poses a design challenge, because 

the high clock speeds of modern ICs facilitate the processing of large amounts 

of data, which means that the interconnect of the IC must be capable of 

communicating large amounts of data between the functional blocks. 

To facilitate flexible communication on the one hand and to limit the 

amount of wires required on the other hand, ICs may incorporate a data 

communication network, also referred to as a network on chip (NoC). Such 

networks typically comprise a plurality of network stations, each associated 

with a functional block, interconnected via communication channels, e.g. wires. 

The plurality of network stations include a pluraility of data routers and a 

plurality of network interfaces, each data router being coupled to a functional 

block via a network interface. The data can be communicated over the network 

in the form of packages that include a mixture of data and routing instructions 

for the network stations. In networks facilitating duplex communication, a pair 

of network stations is typically interconnected via at least a pair of 

communication subchannels to facilitate the two-way communication. 

A problem associated with communication channels, e.g. wires, on ICs 

is that the clock speed at which the IC can operate may be determined by the 

slowest communication channel, i.e. the channel exhibiting the largest data 
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transfer delay. Several solutions for such a problem exist, see for instance 

Carloni et al.: Coping with latency in Soc design, IEEE Micro§., Vol. 22, pages 

24-35, IEEE 2002, in which a number of solutions are presented. A possible 

solution is to introduce a data storage element such as a latch into the slowest 

data communication channel. Consequently, the clock speed of the data 

communication part of the IC can be increased at the expense of an additional 

clock cycle for the communication along the slowest communication channel. 

Unfortunately, such a solution cannot straightforwardly be applied to ICs 

communicating data between the functional blocks via an integrated network, 

especially when the nature of the communicated data differs per clock cycle; 

see E. Rijpkema et al.: Trade-offs in the design of a router with both 

guaranteed and best-effort services for networks on chip; IEE Proc.- Comput. 

Digit. Tech. 2003, page 1-9 (IEE proceedings online no. 20030830), for an 

example of such a network. Such a network operates on the principle that a 

network station such as a data router receives the routing data incorporated in 

the data packet during a predefined clock cycle. Delaying the communication 

to that router over a slow communication channel by a clock cycle to speed up 

the rest of the network would cause the routing data to arrive outside the 

predefined clock cycle, causing erroneous behaviour of the network. 

The present invention seeks to improve the data communication speed 

of a network of an integrated circuit according to the opening paragraph. 

According to an aspect of the invention, there is provided an integrated 

circuit a plurality of functional blocks and a data communication network 

comprising a plurality of network stations being interconnected via a plurality of 

communication channels for communicating data packages between the 

functional blocks, each data package comprising N data elements including a 

data element comprising routing information for the network stations, N being 

an integer of at least two, the plurality of network stations comprising a plurality 

of data routers and a plurality of network interfaces, each of the data routers 

being coupled to a functional block via a network interface, the data 
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communication network comprising a first network station and a second 

network station interconnected through a first communication channel, the 

network comprising M*N data storage elements, M being a positive integer, for 

introducing a delay of M*N cycles on the first communication channel. 

The invention is based on the realization that the correct operation of 

the network relies on the maintenance of the correct periodicity between the 

network stations. Because the data packages have a fixed size of N data 

elements, the communication of a complete package between two network 

stations takes N clock cycles, or N handshake driven data transfers in case of 

an asynchronous implementation of the network. The routing information, e.g. 

destination and required service type (e.g. best effort or guaranteed 

bandwidth) has a fixed position in the data package, e.g. the first data element 

(i.e. a header), although other data elements may (also) contain such 

information. Since a network station expects routing information to arrive 

periodically (i.e. after every N cycles), the introduction of a delay on the first 

communication channel (which typically is the slowest channel of the network) 

matching such a period, i.e. by delaying the whole data package rather than a 

single data element, the delayed data package is received by the receiving 

network station during the appropriate period, e.g. clock cycle. 

Each communication channel may a comprise first subchannel between 

an input port of a first associated network station and an output port of a 

second associated network station and a second subchannel between an input 

port of the second associated network station and an output port of the first 

associated network station for enabling duplex communication between the 

two associated network stations. The M*N data elements may be distributed 

over the subchannels of the first communication channel. 

In a preferred embodiment, the first network station is arranged to 

evaluate the routing information in a first cycle and the second network station 

is arranged to evaluate the routing information in a second cycle, the 

difference between the first cycle and the second cycle being A cycles; and 

the first subchannel of the first communication channel exhibits a delay of A 

cycles implemented by A data storage elements and the second subchannel 
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exhibits a delay of B cycles implemented by B data storage elements, A and B 

being positive integers, with A+ B = M*N. 

The introduction of a phase shift in the routing evaluation phase for a 

one of the network stations in the network has the advantage that the number 

of delay elements in a data communication (sub)channel can be smaller than 

the number of data elements in a data package, thus improving the latency of 

that particular data communication (sub)channel. The drawback is that all 

communication to the phase-shifted network station has to run via the delayed 

communication channel to introduce the appropriate phase shift. This limitation 

can be avoided, however, by ensuring that any network path from a further 

network station being arranged to evaluate the routing information in the 

second cycle to the first network station comprises C delay elements, C being 

a positive integer with C modulo N = A; and any network path to the further 

network station from the first network station comprises D delay elements; B 

being a positive integer with D modulo N = B. This maintains the correct phase 

relation between the first network station and any other network station that 

operate on a different router information evaluation phase than the first 

network station, thus maintaining the optimal flexibility in the network. 

In an alternative embodiment, each subchannel of the first 

communication channel comprises a delay introduced by ½*M*N data storage 

elements, with ½*M*N typically corresponding to the size of a data package. 

Consequently, since both paths of the duplex communication channel are 

likely to have similar lengths and similar delay characteristics, the partitioning 

of both subchannels allows for the improvement of the speed of the network in 

both communication directions. 

Preferably, M=1 in order to minimize the number of required delay 

elements, which will minimize the delay introduced on the first communication 

channel. 

In a synchronous implementation, the IC further comprises a clock 

signal generator, the plurality of network stations and the M*N storage 

elements being responsive to the clock signal generator, to ensure that no 
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data conflicts can arise between the data routers and the M*N storage 

elements. 

Each network station may comprise a first memory element and a 

second memory element associated with a communication port of said network 

station, the first memory element being arranged to store routing information 

from a data package requiring a first service level associated with said 

communication port and the second memory element being arranged to store 

routing information from a data package requiring a second service level 

associated with said communication port. Such an implementation allows for 

the interleaving of packages requiring different service levels, e.g. best effort 

and guaranteed bandwidth service levels. 

According to a further aspect of the invention, there is provided a 

method of designing an integrated circuit comprising a plurality of functional 

blocks and a data communication network comprising a plurality of network 

stations being interconnected via a plurality of communication channels for 

communicating data packages between the functional blocks, each data 

package comprising N data elements including a data element comprising 

routing information for the network stations, N being an integer of at least two, 

the plurality of network stations comprising a plurality of data routers and a 

plurality of network interfaces, each of the data routers being coupled to a 

functional block via a network interface; the method comprising identifying a 

first communication channel between a first network station and a second 

network station that has a data transfer delay exceeding a predefined delay 

threshold; and inserting M*N data storage elements into the data 

communication network, M being a positive integer, for introducing a delay of 

M*N cycles on the first communication channel. Such a method facilitates the 

design of an integrated circuit of the present invention. 

In a preferred embodiment, each communication channel comprises a 

first subchannel between an input port of a first associated network station and 

an output port of a second associated network station and a second 

subchannel between an input port of the second associated network station 

and and an output port of the first associated network station for enabling 
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duplex communication between the two associated network stations; and the 

first network station being arranged to evaluate the routing information in a first 

cycle and the second network station being arranged to evaluate the routing 

information in a second cycle, the difference between the first cyle and the 

second cycle being A cycles, the method further comprising inserting A data 

storage elements into the first subchannel of the first communication channel 

for introducing a delay of A cycles onto said first subchannel; and inserting B 

data storage elements into the second subchannel of the first communication 

channel for introducing a delay of B cycles onto said second subchannel; A 

and B being positive integers, with A+ B = M*N. Such a method facilitates the 

design of a preferred embodiment of the integrated circuit of the present 

invention. 

The invention is described in more detail and by way of non-limiting 

examples with reference to the accompanying drawings, wherein: 

Fig.1 shows an embodiment of an IC of the present invention; 

Fig. 2 shows the timing behaviour along a delayed communication 

channel of said IC; 

Fig. 3 shows another embodiment of an IC of the present invention; 

Fig. 4 shows the timing behaviour along a delayed communication 

channel of said IC; and 

Fig. 5 shows yet another embodiment of an IC of the present invention 

including its timing behaviour. 

It should be understood that the Figures are merely schematic and are 

not drawn to scale. It should also be understood that the same reference 

numerals are used throughout the Figures to indicate the same or similar 

parts. 

Fig. 1 shows an integrated circuit (IC) 10 according to an embodiment 

of the present invention. The IC 10 has four functional blocks 101-104, e.g. 

processing units, which are interconnected via a data communication network 

100 including data routers 110, 120, 130, 140, which respectively are coupled 
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to the functional blocks 101-104 via respective network interfaces 105-108. 

The data routers 110, 120, 130, 140 and the network interfaces 105-108 

comprise the network stations of the data communication network 100. 

Exemplary embodiments of such data routers and network interfaces can for 

instance be found in: "An efficient On-Chip Network Interface Offering 

Guaranteed Services, Shared Memory Abstraction and Flexible Network 

Configuration" by Radulescu et al.; Proceedings of Design, Automation and 

Test Conference in Europe, February 2004, and in E. Rijpkema et al.: Trade­

offs in the design of a router with both guaranteed and best-effort services for 

networks on chip; IEE Proc.- Comput. Digit. Tech. 2003, page 1-9 (IEE 

proceedings online no. 20030830) as well as in the relevant references 

therein, the relevant passages thereof being incorporated by reference. 

The network stations of the data communication network 100 are 

interconnected via a plurality of data communication channels 150. The 

communication channels 150 may comprise one or more wires, e.g. data 

buses. The data communication network 100 is configured to allow flexible 

communication of data streams between the functional blocks 101-104. 

Typically, such a data stream comprises one of more data packages, with 

each data package comprising N data elements, with N being an integer 

having a value of at least 2. At least one of the N data elements in a package, 

e.g. the first data element, comprises routing instructions for the destination 

network station. Such data packages are sometimes referred to as flow 

instruction units (flits). 

The data streams may be communicated over the network 100 using 

known communication techniques such as store and forward routing, in which 

a complete data stream is stored in a data router before it is forwarded to its 

next destination, or wormhole routing, in which the data routers can send a 

stored data package to its next destination before the complete data stream 

has been received. The latter technique has the advantage that the data 

routers 110, 120, 130, 140 need less storage capacity but both techniques are 

equally feasible, and other techniques may be used as well. 
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The data network 100 shown in Fig.1 is a duplex network, i.e. it allows 

simultaneous data communication in two directions. It is emphasized, 

however, that the present application is equally applicable to simplex networks, 

i.e. networks that do not support simultaneous two-way communication. To 

facilitate the duplex communication over data network 100, each 

communication channel 150 comprises a first subchannel 152 and a second 

subchannel 154 between respective inputs and outputs of two neighbouring 

network stations, e.g. data routers 120 and 140. This facilitates time-division 

multiple access (TOMA) data communication, for instance of a guaranteed 

bandwidth and a best effort service. To this end, each network station in the 

data communication network 100 has a plurality of memories, each comprising 

a first memory element and a second memory element, e.g. memory 122 in 

data router 120, associated with a communication port, i.e. an input port or an 

output port of the data router, or more precisely, associated with a service level 

of a communication via that communication port. Obviously, the plurality of 

memories may be implemented as a single memory having enough storage to 

keep track of each input or output port of the network station, as will be 

explained below by means of a communication between two data routers by 

way of example only. It will be appreciated that the same teachings can be 

applied to communications between a data router and a network interface or to 

communications between a network interface and a functional block without 

departing from the teachings of the present invention. 

Typically, the header of a first data package will comprise information 

about the destination of the data package as well as the service level of the 

data package, e.g. guaranteed bandwidth or best effort service. The service 

level will be flagged by setting a bit in the appropriate memory element of the 

destination output port of the data router. For subsequent data packages 

having the same service level, the data router will know that these data 

packages belong to a data stream in progress because the appropriate bit has 

been stored in the associated memory element. The last data package of the 

data stream contains an indicator causing the data router to reset said bit. 
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Such a mechanism allows interleaving of data packages of two data streams 

over a single communication channel. 

In Fig. 1, the communication channel 150 between data routers 120 and 

140 has been identified as the communication channel in the network 100 

exhibiting a data transfer delay exceeding a predetermined delay threshold. 

Such an identification can be made at the IC design stage by subjecting the 

design to a simulation of the delay behaviour of the IC 10 using available 

timing behaviour simulation tools. To avoid having to limit the communication 

speed, e.g. the clock speed, of the data communication network 100 in 

accordance with the delay characteristics of the communication channel 150 

between two network stations, e.g. data routers 120 and 140, this 

communication channel (which will be referred to as the slow communication 

channel 150) is equipped with M*N data storage elements to introduce a delay 

of M*N cycles onto the communication channel, with N corresponding to the 

size of a data package, thus allowing an increase of the maximum 

communication frequency of the data network 100 at the expense of the 

introduction of a delay of a single data package, i.e. the number of clock cycles 

it takes to communicate such a data package, on the slow communication 

channel 150. 

The network 100 shown in Fig. 1 is arranged to communicate data 

packages with size N=3. Other values of N are equally feasible. The first 

subchannel 152 of the slow communication channel 150 is extended with N=3 

data storage elements 160. Optionally, the second subchannel 154 of the slow 

communication channel 150 is also extended with N=3 data storage elements 

160, in which case M=2. Since the first subchannel 152 and the second 

subchannel 154 typically will be in each others vicinity, their respective delay 

characteristics typically will be similar, thus requiring the introduction of data 

storage elements 160 on both subchannels. However, in cases where the 

respective subchannels exhibit different delay characteristics, for instance 

because the subchannels have different lengths or because of the nature of 

the timing techniques used, e.g. waterfall clocking, the introduction of N data 
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elements 160 on only one of the subchannels can be sufficient, in which case 

M=1. 

It will be appreciated that the physical placement of the data storage 

elements 160 on the subchannels 152 and 154 is by way of example only; an 

implementation where the data storage elements 160 are integrated in the 

associated network stations, e.g. data router 120 or data router 140 is equally 

feasible. It will be appreciated that the same teachings can be applied to 

communications between a data router and a network interface or to 

communications between a network interface and a functional block without 

departing from the teachings of the present invention. The same applies to the 

other embodiments of the data communication network 100, e.g. the 

embodiments shown in Fig. 3 and 5. The data storage elements 160 may be a 

pipeline or a buffer of latches or flipflops, and may be implemented using 

synchronous or asynchronous storage elements. In Fig.1, the data storage 

elements 160 are responsive to the same clock signal (not shown) as the 

network stations including data routers 110, 120, 130, 140 and network 

interfaces 105-108. 

Fig. 2 shows the timing behaviour of the communication along the slow 

channel 150 extended with 3 data storage elements 160 on the first 

subchannel 152 interconnecting an output port of data router 120 with an input 

port of the data router 140. At clock cycle t, the data router 120 employing 

wormhole routing receives the first data element h of a data package 

(indicated by the bold box) having a size of 3 data elements. The subsequent 

data elements d1 and d2 of this data package are received by the data router 

120 at respective clock cycles t+1 and t+2. The data routers 110, 120, 130, 

140 are all configured to periodically evaluate the content of a received data 

package, that is after every N clock cycles for a data package having a size N 

data elements. In the embodiment of the IC 10 shown in Fig. 1, all the data 

routers 110, 120, 130, 140 perform this operation simultaneously, i.e. at the 

same clock cycle, which is clock cycle t plus every Nth clock cycle afterwards, 

i.e. at t+3, t+6 and so on, at which the arrival of a header h of a new data 

package is expected. Such a periodical checking mechanism by a data router 
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may for instance be implemented using modulo N counters. Consequently, it is 

essential that the headers of the data packages do not arrive at any data 

router 110, 120, 130, 140 outside such an evaluation clock cycle. 

In line with the principle of wormhole routing, data router 120 starts 

sending the data package upon its complete receipt, i.e. at clock cycle t+3 via 

the first subchannel 152 of the slow communication channel 150. At this point, 

it is emphasized that data elements sent via a non-delayed communication 

channel will arrive at the destination data router in the same clock cycle as 

they were sent. However, due to the presence of N=3 data storage elements 

160 in the first subchannel 152 of the slow communication channel 150, the 

first data storage element 160 receives the header h at t+3, passes it on to the 

second data storage element 160 at t+4, which passes it on to the third data 

storage element 160 at t+5, which finally passes it on to the data router 160 at 

t+6, which is in phase with the header evaluation cycle of the data routers 110, 

120, 130, 140 in the data network 150. This ensures the correct routing of the 

data package by the data router 140. 

In the embodiment of IC 10 according to the present invention as shown 

Fig. 3, the data router 140 is configured to evaluate the header of a data 

package A clock cycles later (or B cycles earlier) than the other data routers 

110, 120, 130 in the data network 100, with N corresponding to the number of 

data elements in a data package and A, B being positive integers with A+B = 

M*N. Typically, A modulo N and B modulo N are not equal to zero. 

In Fig. 3, M = 1, N = 3, A = 1 and B = 2 by way of example only. In other 

words, the data router 140 has a phase-shifted routing information evaluation 

cycle compared to the other data routers in the data network 100. To ensure 

that the routing information is correctly interpreted, i.e. to ensure that this 

information arrives at any data router during its appropriate clock cycle, two 

possible implementations can be chosen. In a first implementation, all 

communication to and from the phase-shifted data router 140 is routed through 

the slow communication channel 150. Consequently, only the slow 

communication channel 150 requires the introduction of M*N data storage 

elements over its subchannels 152 and 154. The drawback of this 
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implementation is that the flexibility of the data communication network 100 is 

reduced. 

In the preferred implementation, any network path from a further 

network station being arranged to evaluate the routing information in the 

second cycle to the first network station comprises C delay elements, C being 

a positive integer with C modulo N = A, and any network path to the further 

network station from the first network station comprises D delay elements; B 

being a positive integer with D modulo N = B. This ensures that the correct 

phase relation between clock cycle and routing information evaluation is 

maintained throughout the whole data communication network 100. For 

instance, in Fig. 3, C = A and B = D, with C data elements 160 being 

introduced in the subchannel 152 between the output port of data router 130 

and the input port of data router 140 and with D data elements 160 being 

introduced in the subchannel 154 between the input port of data router 130 

and the output port of data router 140. 

In other words, every communication channel 150 between two network 

stations exhibiting a phase-shifted routing information cycle with respect to 

each other should incorporate the appropriate number of data storage 

elements 160 to implement the number of cycles to which the phase shift 

corresponds. In Fig. 3, this means that all subchannels connected to an input 

port of the data router 140 are extended with A data storage elements 160 to 

introduce a delay of A cycles on the communication directed towards the data 

router 140, and all subchannels connected to an output port of the data router 

140 are extended with B data storage elements 160 to introduce a delay of B 

cycles on the communication originating from the data router 140. Since A+B = 

M*N, each communication channel 150 to which data router 140 is connected 

incorporates M*N data storage elements 160, thus ensuring the introduction of 

a delay of exactly M data packages on a communication loop between two 

neighbouring data routers. 

This is explained in more detail in Fig. 4, where a data package 

consisting of data elements h, d1 and d2 is sent from data router 120 to data 

router 140 and back again in the network of IC 10 as shown in Fig. 3. The 
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routing information evaluation clock cycles for data routers 120 and 140 are 

indicated by bold vertical lines at the beginning of such a cycle. In other words, 

data router 120 evaluates the routing information of received data packages at 

t, t+3, t+6 and so on, whereas data router 140 evaluates the routing 

information of received data packages at t+1, t+4, t+7 and so on. Data router 

120 sends data element h at T=t to data router 140. At T=t, data element h is 

received by data storage element 160 in the first subchannel 152, which stores 

the data element h and sends it to the data router 140 at T = t+1, which 

receives the data element h during the same clock cycle and evaluates the 

routing information comprised in header h. 

After the data router 140 has received data element d1 at T = t+2 and 

data element d2 and T = t+3, i.e., after the data router 140 has received the 

complete data package, the data router 140 sends the first data element of the 

data package to the data router 140 via the second subchannel 154. Due to 

the presence of two data storage elements 160 on the second subchannel 

154, the first data element h is received by the data router 120 at T = t+6, i.e. 

during a cycle at which the data router 120 is scheduled to evaluate the routing 

information, with the other two data elements d1 and d2 respectively arriving at 

the subsequent cycles t+ 7 and t+8. It will be recognized that the data storage 

elements 160 in the subchannels 152 and 154 operate as phase shifters to 

ensure that routing information is evaluated at the right time in each data 

router phase domain. The application of phase shifting techniques has the 

advantage that the delay introduced on the individual subchannels 152, 154 

can be less than a full data package, thus improving the performance of the 

slow communication channel 150 compared to the solution presented in Fig. 1. 

At this point, it will be appreciated that the number of different phase 

domains can be further extended without departing from the teachings of the 

present invention. It is reiterated that although the exemplary implementations 

of the data storage elements is given on a communication channel between 

two data routers, implementations on channels between other types of network 

stations, e.g. between a data router and a network interface, are equally 

feasible. 
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Fig. 5 shows an asynchronous implementation of a delayed duplex 

communication channel 150 between two network stations, e.g. data routers 

120 and 140, which is robust against clock skew. The data routers 120 and 

140 are triggered by clock signal CLK. However, due to the fact that the clock 

signal has to travel over a longer wire to data router 140 than to data router 

120, data router 140 receives a delayed clock signal CLK_d, with a delay of t1 

with respect to the clock signal CLK received by data router 120. In completely 

synchronous data communication networks 100, this can cause 

communication errors, because a data package sent by data router 140 at 

clock cycle t to data router 120 or the first delay element 160 over a slow 

communication channel 150 between the data routers 120 and 140 may arrive 

at its destination at cycle t+1 rather than at cycle t. As previously explained, 

this will cause the routing information to arrive at the data router 120 outside its 

routing information evaluation cycle, which will likely cause the loss of the 

information due to a routing error. 

This risk can be reduced by implementing the M*N data storage 

elements 160 as asynchronous FIFO buffers 520 and 540 on the first 

subchannel 152 and the second subchannel 154 respectively between data 

routers 120 and 140. This implementation is insensitive to clock skew, at least 

within certain limits. To improve the robustness against clock skew of the 

asynchronous FIFO buffers 520 and 540, the buffers may include slightly more 

than the M*N data storage elements, as will be explained in more detail below. 

The asynchronous FIFO buffers 520 and 540 have communication 

behaviour independent of the clock CLK; the data is rippled through the FIFO 

buffers 520 and 540 based on handshake protocols. Such behaviour is usually 

quicker than synchronous communication because the latter is dominated by 

the slowest path in the synchronous communication network, as previously 

explained. 

A communication of a data package from data router 120 to FIFO buffer 

520 is initiated by a handshake validation signal 501 followed by synchronous 

data communication 502 of the data elements of a data package having size 

N; this communication is governed by data router 120, which is responsive to 
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clock signal CLK. The data elements take a time period t2 to ripple through 

FIFO buffer 520, after which a handshake request 503 is sent to the data 

router 140. The receipt of an initial handshake request initializes data router 

140 and triggers the data router 140 to accept the data communication by 

sending an acknowledge signal 504 to the FIFO buffer 520, which triggers the 

data communication 505. The data router 140 will remain initialized until the 

data stream of data packages has been received completely. The data 

package receipt periods of data routers 120 and 140 are indicated by the bold 

horizontal lines over the clock signals elk and clk_d respectively. The data 

router 140 receives the data communication synchronously and sends the 

data package synchronously, i.e. one data element per clock cycle, to FIFO 

buffer 540 N clock cycles after receiving the request signal 503, in accordance 

with a wormhole routing approach, by sending a handshake validation signal 

506 and data communication 507 to the FIFO buffer 540. After a period t3, i.e. 

the time it takes the data elements to ripple through the FIFO buffer 540, the 

FIFO buffer 540 sends a handshake request signal 508 to data router 120. 

Crucially, because data router 120 has already been initialized, i.e. it is 

already engaged in communicating a data stream to data router 140, data 

router 120 will only send an acknowledge signal 509 to such a handshake 

request to enable communication 510 at the beginning of a routing information 

evaluation cycle of data router 120, as indicated by the vertical dashed line. 

Alternatively, if the transmission of the data stream from data router 120 to 

data router 140 had completed prior to the handshake request 508 from Fl FO 

buffer 540 to data router 120, this request would initialize the data router 120. 

In both cases, the receipt of the routing information in the correct timeslot of 

data router 120 is ensured despite the clock skew on the clock signal 

triggering the data routers 120 and 140. In case the clock skew between data 

router 120 and data router 140 is substantial, the data router 140 may send a 

first data element of a next data package to the FIFO buffer 540 before this 

buffer has received the acknowledge signal 509. In such a scenario, the FIFO 

buffer 509 must be capable of storing more than M*N data elements to avoid 

the loss of data stored in the FIFO buffer 509. This can be realized by adding 
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one or more data storage elements to the M*N data storage elements as 

overwrite protection. 

An IC 10 comprising a data communication network 100 according to 

the present invention can be designed using an IC design method modified as 

follows. After designing a first version of the IC 10, which can be done using 

well-known IC design tools, and which will not be further explained for that 

reason, an evaluation step is performed in which a first communication 

channel between a network station and a second network station having a 

data transfer delay exceeding a predefined delay threshold is identified. 

Consequently, the design of the data communication network 100 is modified 

according to the teachings of the present invention by inserting M*N data 

storage elements into the network, M being a positive integer, for introducing a 

delay of M*N cycles on the first communication channel. This allows for an 

increase of the maximum clock speed at which the data communication 

network 100 can operate. 

The insertion step may comprise inserting A data storage elements into the 

first subchannel (152) of the first communication channel (150) for introducing 

a delay of A cycles onto said first subchannel and inserting B data storage 

elements into the second subchannel (154) of the first communication channel 

(150) for introducing a delay of B cycles onto said second subchannel with A 

and B being positive integers and with A+ B = M*N to create a phase-shifted 

data communication network 100 as outlined in Fig. 3 and 4 and their detailed 

description. 

It should be noted that the above-mentioned embodiments illustrate 

rather than limit the invention, and that those skilled in the art will be able to 

design many alternative embodiments without departing from the scope of the 

appended claims. 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. The word "a" or "an" preceding an element does not 

exclude the presence of a plurality of such elements. The invention can be 

implemented by means of hardware comprising several distinct elements. In 
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the device claim enumerating several means, several of these means can be 

embodied by one and the same item of hardware. The mere fact that certain 

measures are recited in mutually different dependent claims does not indicate 

that a combination of these measures cannot be used to advantage. 
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CLAIMS 

1. An integrated circuit (10) comprising: 

a plurality of functional blocks ( 101 , 102, 103, 104 ); and 

a data communication network comprising a plurality of network stations 

(105-108, 110, 120, 130, 140) being interconnected via a plurality of 

communication channels (150) for communicating data packages between the 

functional blocks (101, 102, 103, 104 ), each data package comprising N data 

elements including a data element comprising routing information for the 

network stations (105-108, 110, 120, 130, 140), N being an integer of at least 

two, the plurality of network stations comprising a plurality of data routers (110, 

120, 130, 140) and a plurality of network interfaces (105-108), each of the data 

routers (110, 120, 130, 140) being coupled to a functional block (101, 102, 

103, 104) via a network interface (105-108), the data communication network 

(100) comprising a first network station (140) and a second network station 

(120) interconnected through a first communication channel (150), the network 

comprising M*N data storage elements (160), M being a positive integer, for 

introducing a delay of M*N cycles on the first communication channel (150). 

2. An integrated circuit (10) as claimed in Claim 1, wherein each 

communication channel (150) comprises: 

a first subchannel (152) between an input port of a first associated 

network station and and an output port of a second associated network station; 

and 

a second subchannel (154) between an input port of the second 

associated network station and and an output port of the first associated 

network station for enabling duplex communication between the two 

associated network stations. 

3. An integrated circuit (10) as claimed in Claim 2, wherein the M*N data 

elements (160) are distributed over the first subchannel (152) and the second 

subchannel (152; 154) of the first communication channel (150). 
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4. An integrated circuit as claimed in claim 3, wherein: 

the first network station is arranged to evaluate the routing information 

in a first cycle and the second network station is arranged to evaluate the 

routing information in a second cycle, the difference between the first cyle and 

the second cycle being A cycles; and 

the first subchannel (152) of the first communication channel (150) 

exhibits a delay of A cycles implemented by A data storage elements (160) 

and the second subchannel (154) exhibits a delay of B cycles implemented by 

B data storage elements (160), A and B being positive integers, with A+ B = 

M*N. 

5. An integrated circuit as claimed in claim 4, wherein any network path 

from a further network station being arranged to evaluate the routing 

information in the second cycle to the first network station comprises C delay 

elements, C being a positive integer with C modulo N = A; and any network 

path to the further network station from the first network station comprises D 

delay elements; D being a positive integer with D modulo N = B. 

6. An integrated circuit (10) as claimed in Claim 1-5, wherein M = 1. 

7. An integrated circuit (10) as claimed in Claim 3, wherein the first 

subchannel (152) and the second subchannel (154) of the first communication 

channel (150) each comprise a delay introduced by ½*M*N data storage 

elements (160). 

8. An integrated circuit (10) as claimed in Claim 1 or 2, further comprising 

a clock signal generator, the plurality of network stations (110, 120, 130, 140) 

and the M*N storage elements (160) being responsive to the clock signal 

generator. 



WO 2006/111931 PCT/IB2006/051218 

20 

9. An integrated circuit (10) as claimed in claim 1 or 2, wherein each 

network station (110, 120, 130, 140) comprises a first memory element and a 

second memory element associated with a communication port of said network 

station, the first memory element being arranged to store routing information 

from a data package requiring a first service level associated with said 

communication port and the second memory element being arranged to store 

routing information from a data package requiring a second service level 

associated with said communication port. 

10. A method of designing an integrated circuit (10) comprising a plurality of 

functional blocks (101, 102, 103, 104), and a data communication network 

comprising a plurality of network stations (105-108, 110, 120, 130, 140) being 

interconnected via a plurality of communication channels (150) for 

communicating data packages between the functional blocks (101, 102, 103, 

104 ), each data package comprising N data elements including a data element 

comprising routing information for the network stations (105-108, 110, 120, 

130, 140), N being an integer of at least two, the plurality of network stations 

comprising a plurality of data routers (110, 120, 130, 140) and a plurality of 

network interfaces (105-108), each of the data routers (110, 120, 130, 140) 

being coupled to a functional block (101, 102, 103, 104) via a network 

interface; the method comprising: 

identifying a first communication channel (150) between a first network 

station (140) and a second network station (120) that has a data transfer delay 

exceeding a predefined delay threshold; and 

inserting M*N data storage elements (160) into the data communication 

network (100), M being a positive integer, for introducing a delay of M*N cycles 

on the first communication channel (150). 

11. A method as claimed in Claim 10, wherein each communication channel 

(150) comprises a first subchannel (152) between an input port of a first 

associated network station and and an output port of a second associated 

network station and a second subchannel (154) between an input port of the 
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second associated network station and and an output port of the first 

associated network station for enabling duplex communication between the 

two associated network stations; and 

the first network station being arranged to evaluate the routing 

information in a first cycle and the second network station being arranged to 

evaluate the routing information in a second cycle, the difference between the 

first cyle and the second cycle being A cycles, the method further comprising: 

inserting A data storage elements into the first subchannel (152) of the 

first communication channel (150) for introducing a delay of A cycles onto said 

first subchannel; and 

inserting B data storage elements into the second subchannel (154) of 

the first communication channel (150) for introducing a delay of B cycles onto 

said second subchannel; A and B being positive integers, with A + B = M*N. 
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(57) Abstract: An integrated circuit (10) comprises a plurality of functional blocks (101, 102, 103, 104) and a data communication 
network (100) comprising a plurality of network stations being interconnected via a plurality of communication channels (150) for 
communicating data packages between the functional blocks (101, 102, 103, 104). Each data package comprising N data elements 
including a data element comprising routing information for the network stations (110, 120, 130, 140), N being an integer of at 
least two. The plurality of network stations comprises a plurality of data routers (110, 120, 130, 140) and a plurality of network 
interfaces, each of the data routers (110, 120, 130, 140) being coupled to a functional block (101, 102, 103, 104) via a network 
interface (105-108), the data communication network (100) comprising a first network station (140) and a second network station 
(120) interconnected through a first communication channel (150), the network comprising M*N data storage elements (160), M 
being a positive integer, for introducing a delay ofM*N cycles on the first communication channel (150).An integrated circuit (10) 
comprises a plurality of functional blocks (101, 102, 103, 104) and a plurality of data routers (110, 120, 130, 140), each being coupled 
to a functional block (101, 102, 103, 104). The introduction of a delay of one or more data packages on a slow communication 
channel ( 150) facilitates an increase of the maximum clock speed of the data communication over the data communication network 
(100). 
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DESCRIPTION 

INTEGRATED CIRCUIT WITH DATA COMMUNICATION 

NETWORK AND IC DESIGN METHOD 

The present invention relates to an integrated circuit having a plurality of 

functional blocks interconnected via a data communication network. 

Nowadays, most integrated circuits (ICs) are very large scale integration 

(VLSI) circuits having a large number of features that typically implement a 

large number of functions on board the IC. The various functions may be 

located in discrete functional blocks, e.g. system on chip (SoC) architectures. 

The interconnect of the functional blocks poses a design challenge, because 

the high clock speeds of modern ICs facilitate the processing of large amounts 

of data, which means that the interconnect of the IC must be capable of 

communicating large amounts of data between the functional blocks. 

To facilitate flexible communication on the one hand and to limit the 

amount of wires required on the other hand, ICs may incorporate a data 

communication network, also referred to as a network on chip (NoC). Such 

networks typically comprise a plurality of network stations, each associated 

with a functional block, interconnected via communication channels, e.g. wires. 

The plurality of network stations include a pluraility of data routers and a 

plurality of network interfaces, each data router being coupled to a functional 

block via a network interface. The data can be communicated over the network 

in the form of packages that include a mixture of data and routing instructions 

for the network stations. In networks facilitating duplex communication, a pair 

of network stations is typically interconnected via at least a pair of 

communication subchannels to facilitate the two-way communication. 

A problem associated with communication channels, e.g. wires, on ICs 

is that the clock speed at which the IC can operate may be determined by the 

slowest communication channel, i.e. the channel exhibiting the largest data 
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transfer delay. Several solutions for such a problem exist, see for instance 

Carloni et al.: Coping with latency in Soc design, IEEE Micro§, Vol. 22, pages 

24-35, IEEE 2002, in which a number of solutions are presented. A possible 

solution is to introduce a data storage element such as a latch into the slowest 

data communication channel. Consequently, the clock speed of the data 

communication part of the IC can be increased at the expense of an additional 

clock cycle for the communication along the slowest communication channel. 

Unfortunately, such a solution cannot straightforwardly be applied to ICs 

communicating data between the functional blocks via an integrated network, 

especially when the nature of the communicated data differs per clock cycle; 

see E. Rijpkema et al.: Trade-offs in the design of a router with both 

guaranteed and best-effort services for networks on chip; IEE Proc.- Comput. 

Digit. Tech. 2003, page 1-9 (IEE proceedings online no. 20030830), for an 

example of such a network. Such a network operates on the principle that a 

network station such as a data router receives the routing data incorporated in 

the data packet during a predefined clock cycle. Delaying the communication 

to that router over a slow communication channel by a clock cycle to speed up 

the rest of the network would cause the routing data to arrive outside the 

predefined clock cycle, causing erroneous behaviour of the network. 

The present invention seeks to improve the data communication speed 

of a network of an integrated circuit according to the opening paragraph. 

According to an aspect of the invention, there is provided an integrated 

circuit a plurality of functional blocks and a data communication network 

comprising a plurality of network stations being interconnected via a plurality of 

communication channels for communicating data packages between the 

functional blocks, each data package comprising N data elements including a 

data element comprising routing information for the network stations, N being 

an integer of at least two, the plurality of network stations comprising a plurality 

of data routers and a plurality of network interfaces, each of the data routers 

being coupled to a functional block via a network interface, the data 
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communication network comprising a first network station and a second 

network station interconnected through a first communication channel, the 

network comprising M*N data storage elements, M being a positive integer, for 

introducing a delay of M*N cycles on the first communication channel. 

The invention is based on the realization that the correct operation of 

the network relies on the maintenance of the correct periodicity between the 

network stations. Because the data packages have a fixed size of N data 

elements, the communication of a complete package between two network 

stations takes N clock cycles, or N handshake driven data transfers in case of 

an asynchronous implementation of the network. The routing information, e.g. 

destination and required service type (e.g. best effort or guaranteed 

bandwidth) has a fixed position in the data package, e.g. the first data element 

(i.e. a header), although other data elements may (also) contain such 

information. Since a network station expects routing information to arrive 

periodically (i.e. after every N cycles), the introduction of a delay on the first 

communication channel (which typically is the slowest channel of the network) 

matching such a period, i.e. by delaying the whole data package rather than a 

single data element, the delayed data package is received by the receiving 

network station during the appropriate period, e.g. clock cycle. 

Each communication channel may a comprise first subchannel between 

an input port of a first associated network station and an output port of a 

second associated network station and a second subchannel between an input 

port of the second associated network station and an output port of the first 

associated network station for enabling duplex communication between the 

two associated network stations. The M*N data elements may be distributed 

over the subchannels of the first communication channel. 

In a preferred embodiment, the first network station is arranged to 

evaluate the routing information in a first cycle and the second network station 

is arranged to evaluate the routing information in a second cycle, the 

difference between the first cycle and the second cycle being A cycles; and 

the first subchannel of the first communication channel exhibits a delay of A 

cycles implemented by A data storage elements and the second subchannel 
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exhibits a delay of B cycles implemented by B data storage elements, A and B 

being positive integers, with A+ B = M*N. 

The introduction of a phase shift in the routing evaluation phase for a 

one of the network stations in the network has the advantage that the number 

of delay elements in a data communication (sub)channel can be smaller than 

the number of data elements in a data package, thus improving the latency of 

that particular data communication (sub)channel. The drawback is that all 

communication to the phase-shifted network station has to run via the delayed 

communication channel to introduce the appropriate phase shift. This limitation 

can be avoided, however, by ensuring that any network path from a further 

network station being arranged to evaluate the routing information in the 

second cycle to the first network station comprises C delay elements, C being 

a positive integer with C modulo N = A; and any network path to the further 

network station from the first network station comprises D delay elements; B 

being a positive integer with D modulo N = B. This maintains the correct phase 

relation between the first network station and any other network station that 

operate on a different router information evaluation phase than the first 

network station, thus maintaining the optimal flexibility in the network. 

In an alternative embodiment, each subchannel of the first 

communication channel comprises a delay introduced by ½*M*N data storage 

elements, with ½*M*N typically corresponding to the size of a data package. 

Consequently, since both paths of the duplex communication channel are 

likely to have similar lengths and similar delay characteristics, the partitioning 

of both subchannels allows for the improvement of the speed of the network in 

both communication directions. 

Preferably, M=1 in order to minimize the number of required delay 

elements, which will minimize the delay introduced on the first communication 

channel. 

In a synchronous implementation, the IC further comprises a clock 

signal generator, the plurality of network stations and the M*N storage 

elements being responsive to the clock signal generator, to ensure that no 
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data conflicts can arise between the data routers and the M*N storage 

elements. 

Each network station may comprise a first memory element and a 

second memory element associated with a communication port of said network 

station, the first memory element being arranged to store routing information 

from a data package requiring a first service level associated with said 

communication port and the second memory element being arranged to store 

routing information from a data package requiring a second service level 

associated with said communication port. Such an implementation allows for 

the interleaving of packages requiring different service levels, e.g. best effort 

and guaranteed bandwidth service levels. 

According to a further aspect of the invention, there is provided a 

method of designing an integrated circuit comprising a plurality of functional 

blocks and a data communication network comprising a plurality of network 

stations being interconnected via a plurality of communication channels for 

communicating data packages between the functional blocks, each data 

package comprising N data elements including a data element comprising 

routing information for the network stations, N being an integer of at least two, 

the plurality of network stations comprising a plurality of data routers and a 

plurality of network interfaces, each of the data routers being coupled to a 

functional block via a network interface; the method comprising identifying a 

first communication channel between a first network station and a second 

network station that has a data transfer delay exceeding a predefined delay 

threshold; and inserting M*N data storage elements into the data 

communication network, M being a positive integer, for introducing a delay of 

M*N cycles on the first communication channel. Such a method facilitates the 

design of an integrated circuit of the present invention. 

In a preferred embodiment, each communication channel comprises a 

first subchannel between an input port of a first associated network station and 

an output port of a second associated network station and a second 

subchannel between an input port of the second associated network station 

and and an output port of the first associated network station for enabling 
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duplex communication between the two associated network stations; and the 

first network station being arranged to evaluate the routing information in a first 

cycle and the second network station being arranged to evaluate the routing 

information in a second cycle, the difference between the first cyle and the 

second cycle being A cycles, the method further comprising inserting A data 

storage elements into the first subchannel of the first communication channel 

for introducing a delay of A cycles onto said first subchannel; and inserting B 

data storage elements into the second subchannel of the first communication 

channel for introducing a delay of B cycles onto said second subchannel; A 

and B being positive integers, with A+ B = M*N. Such a method facilitates the 

design of a preferred embodiment of the integrated circuit of the present 

invention. 

The invention is described in more detail and by way of non-limiting 

examples with reference to the accompanying drawings, wherein: 

Fig.1 shows an embodiment of an IC of the present invention; 

Fig. 2 shows the timing behaviour along a delayed communication 

channel of said IC; 

Fig. 3 shows another embodiment of an IC of the present invention; 

Fig. 4 shows the timing behaviour along a delayed communication 

channel of said IC; and 

Fig. 5 shows yet another embodiment of an IC of the present invention 

including its timing behaviour. 

It should be understood that the Figures are merely schematic and are 

not drawn to scale. It should also be understood that the same reference 

numerals are used throughout the Figures to indicate the same or similar 

parts. 

Fig. 1 shows an integrated circuit (IC) 10 according to an embodiment 

of the present invention. The IC 10 has four functional blocks 101-104, e.g. 

processing units, which are interconnected via a data communication network 

100 including data routers 110, 120, 130, 140, which respectively are coupled 
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to the functional blocks 101-104 via respective network interfaces 105-108. 

The data routers 110, 120, 130, 140 and the network interfaces 105-108 

comprise the network stations of the data communication network 100. 

Exemplary embodiments of such data routers and network interfaces can for 

instance be found in: "An efficient On-Chip Network Interface Offering 

Guaranteed Services, Shared Memory Abstraction and Flexible Network 

Configuration" by Radulescu et al.; Proceedings of Design, Automation and 

Test Conference in Europe, February 2004, and in E. Rijpkema et al.: Trade­

offs in the design of a router with both guaranteed and best-effort services for 

networks on chip; IEE Proc.- Comput. Digit. Tech. 2003, page 1-9 (IEE 

proceedings online no. 20030830) as well as in the relevant references 

therein, the relevant passages thereof being incorporated by reference. 

The network stations of the data communication network 100 are 

interconnected via a plurality of data communication channels 150. The 

communication channels 150 may comprise one or more wires, e.g. data 

buses. The data communication network 100 is configured to allow flexible 

communication of data streams between the functional blocks 101-104. 

Typically, such a data stream comprises one of more data packages, with 

each data package comprising N data elements, with N being an integer 

having a value of at least 2. At least one of the N data elements in a package, 

e.g. the first data element, comprises routing instructions for the destination 

network station. Such data packages are sometimes referred to as flow 

instruction units (flits). 

The data streams may be communicated over the network 100 using 

known communication techniques such as store and forward routing, in which 

a complete data stream is stored in a data router before it is forwarded to its 

next destination, or wormhole routing, in which the data routers can send a 

stored data package to its next destination before the complete data stream 

has been received. The latter technique has the advantage that the data 

routers 110, 120, 130, 140 need less storage capacity but both techniques are 

equally feasible, and other techniques may be used as well. 
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The data network 100 shown in Fig.1 is a duplex network, i.e. it allows 

simultaneous data communication in two directions. It is emphasized, 

however, that the present application is equally applicable to simplex networks, 

i.e. networks that do not support simultaneous two-way communication. To 

facilitate the duplex communication over data network 100, each 

communication channel 150 comprises a first subchannel 152 and a second 

subchannel 154 between respective inputs and outputs of two neighbouring 

network stations, e.g. data routers 120 and 140. This facilitates time-division 

multiple access (TOMA) data communication, for instance of a guaranteed 

bandwidth and a best effort service. To this end, each network station in the 

data communication network 100 has a plurality of memories, each comprising 

a first memory element and a second memory element, e.g. memory 122 in 

data router 120, associated with a communication port, i.e. an input port or an 

output port of the data router, or more precisely, associated with a service level 

of a communication via that communication port. Obviously, the plurality of 

memories may be implemented as a single memory having enough storage to 

keep track of each input or output port of the network station, as will be 

explained below by means of a communication between two data routers by 

way of example only. It will be appreciated that the same teachings can be 

applied to communications between a data router and a network interface or to 

communications between a network interface and a functional block without 

departing from the teachings of the present invention. 

Typically, the header of a first data package will comprise information 

about the destination of the data package as well as the service level of the 

data package, e.g. guaranteed bandwidth or best effort service. The service 

level will be flagged by setting a bit in the appropriate memory element of the 

destination output port of the data router. For subsequent data packages 

having the same service level, the data router will know that these data 

packages belong to a data stream in progress because the appropriate bit has 

been stored in the associated memory element. The last data package of the 

data stream contains an indicator causing the data router to reset said bit. 



WO 2006/111931 PCT/IB2006/051218 

9 

Such a mechanism allows interleaving of data packages of two data streams 

over a single communication channel. 

In Fig. 1, the communication channel 150 between data routers 120 and 

140 has been identified as the communication channel in the network 100 

exhibiting a data transfer delay exceeding a predetermined delay threshold. 

Such an identification can be made at the IC design stage by subjecting the 

design to a simulation of the delay behaviour of the IC 10 using available 

timing behaviour simulation tools. To avoid having to limit the communication 

speed, e.g. the clock speed, of the data communication network 100 in 

accordance with the delay characteristics of the communication channel 150 

between two network stations, e.g. data routers 120 and 140, this 

communication channel (which will be referred to as the slow communication 

channel 150) is equipped with M*N data storage elements to introduce a delay 

of M*N cycles onto the communication channel, with N corresponding to the 

size of a data package, thus allowing an increase of the maximum 

communication frequency of the data network 100 at the expense of the 

introduction of a delay of a single data package, i.e. the number of clock cycles 

it takes to communicate such a data package, on the slow communication 

channel 150. 

The network 100 shown in Fig. 1 is arranged to communicate data 

packages with size N=3. Other values of N are equally feasible. The first 

subchannel 152 of the slow communication channel 150 is extended with N=3 

data storage elements 160. Optionally, the second subchannel 154 of the slow 

communication channel 150 is also extended with N=3 data storage elements 

160, in which case M=2. Since the first subchannel 152 and the second 

subchannel 154 typically will be in each others vicinity, their respective delay 

characteristics typically will be similar, thus requiring the introduction of data 

storage elements 160 on both subchannels. However, in cases where the 

respective subchannels exhibit different delay characteristics, for instance 

because the subchannels have different lengths or because of the nature of 

the timing techniques used, e.g. waterfall clocking, the introduction of N data 
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elements 160 on only one of the subchannels can be sufficient, in which case 

M=1. 

It will be appreciated that the physical placement of the data storage 

elements 160 on the subchannels 152 and 154 is by way of example only; an 

implementation where the data storage elements 160 are integrated in the 

associated network stations, e.g. data router 120 or data router 140 is equally 

feasible. It will be appreciated that the same teachings can be applied to 

communications between a data router and a network interface or to 

communications between a network interface and a functional block without 

departing from the teachings of the present invention. The same applies to the 

other embodiments of the data communication network 100, e.g. the 

embodiments shown in Fig. 3 and 5. The data storage elements 160 may be a 

pipeline or a buffer of latches or flipflops, and may be implemented using 

synchronous or asynchronous storage elements. In Fig.1, the data storage 

elements 160 are responsive to the same clock signal (not shown) as the 

network stations including data routers 110, 120, 130, 140 and network 

interfaces 105-108. 

Fig. 2 shows the timing behaviour of the communication along the slow 

channel 150 extended with 3 data storage elements 160 on the first 

subchannel 152 interconnecting an output port of data router 120 with an input 

port of the data router 140. At clock cycle t, the data router 120 employing 

wormhole routing receives the first data element h of a data package 

(indicated by the bold box) having a size of 3 data elements. The subsequent 

data elements d1 and d2 of this data package are received by the data router 

120 at respective clock cycles t+1 and t+2. The data routers 110, 120, 130, 

140 are all configured to periodically evaluate the content of a received data 

package, that is after every N clock cycles for a data package having a size N 

data elements. In the embodiment of the IC 10 shown in Fig. 1, all the data 

routers 110, 120, 130, 140 perform this operation simultaneously, i.e. at the 

same clock cycle, which is clock cycle t plus every Nth clock cycle afterwards, 

i.e. at t+3, t+6 and so on, at which the arrival of a header h of a new data 

package is expected. Such a periodical checking mechanism by a data router 
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may for instance be implemented using modulo N counters. Consequently, it is 

essential that the headers of the data packages do not arrive at any data 

router 110, 120, 130, 140 outside such an evaluation clock cycle. 

In line with the principle of wormhole routing, data router 120 starts 

sending the data package upon its complete receipt, i.e. at clock cycle t+3 via 

the first subchannel 152 of the slow communication channel 150. At this point, 

it is emphasized that data elements sent via a non-delayed communication 

channel will arrive at the destination data router in the same clock cycle as 

they were sent. However, due to the presence of N=3 data storage elements 

160 in the first subchannel 152 of the slow communication channel 150, the 

first data storage element 160 receives the header h at t+3, passes it on to the 

second data storage element 160 at t+4, which passes it on to the third data 

storage element 160 at t+5, which finally passes it on to the data router 160 at 

t+6, which is in phase with the header evaluation cycle of the data routers 110, 

120, 130, 140 in the data network 150. This ensures the correct routing of the 

data package by the data router 140. 

In the embodiment of IC 10 according to the present invention as shown 

Fig. 3, the data router 140 is configured to evaluate the header of a data 

package A clock cycles later (or B cycles earlier) than the other data routers 

110, 120, 130 in the data network 100, with N corresponding to the number of 

data elements in a data package and A, B being positive integers with A+B = 

M*N. Typically, A modulo N and B modulo N are not equal to zero. 

In Fig. 3, M = 1, N = 3, A = 1 and B = 2 by way of example only. In other 

words, the data router 140 has a phase-shifted routing information evaluation 

cycle compared to the other data routers in the data network 100. To ensure 

that the routing information is correctly interpreted, i.e. to ensure that this 

information arrives at any data router during its appropriate clock cycle, two 

possible implementations can be chosen. In a first implementation, all 

communication to and from the phase-shifted data router 140 is routed through 

the slow communication channel 150. Consequently, only the slow 

communication channel 150 requires the introduction of M*N data storage 

elements over its subchannels 152 and 154. The drawback of this 
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implementation is that the flexibility of the data communication network 100 is 

reduced. 

In the preferred implementation, any network path from a further 

network station being arranged to evaluate the routing information in the 

second cycle to the first network station comprises C delay elements, C being 

a positive integer with C modulo N = A, and any network path to the further 

network station from the first network station comprises D delay elements; B 

being a positive integer with D modulo N = B. This ensures that the correct 

phase relation between clock cycle and routing information evaluation is 

maintained throughout the whole data communication network 100. For 

instance, in Fig. 3, C = A and B = D, with C data elements 160 being 

introduced in the subchannel 152 between the output port of data router 130 

and the input port of data router 140 and with D data elements 160 being 

introduced in the subchannel 154 between the input port of data router 130 

and the output port of data router 140. 

In other words, every communication channel 150 between two network 

stations exhibiting a phase-shifted routing information cycle with respect to 

each other should incorporate the appropriate number of data storage 

elements 160 to implement the number of cycles to which the phase shift 

corresponds. In Fig. 3, this means that all subchannels connected to an input 

port of the data router 140 are extended with A data storage elements 160 to 

introduce a delay of A cycles on the communication directed towards the data 

router 140, and all subchannels connected to an output port of the data router 

140 are extended with B data storage elements 160 to introduce a delay of B 

cycles on the communication originating from the data router 140. Since A+B = 

M*N, each communication channel 150 to which data router 140 is connected 

incorporates M*N data storage elements 160, thus ensuring the introduction of 

a delay of exactly M data packages on a communication loop between two 

neighbouring data routers. 

This is explained in more detail in Fig. 4, where a data package 

consisting of data elements h, d1 and d2 is sent from data router 120 to data 

router 140 and back again in the network of IC 10 as shown in Fig. 3. The 
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routing information evaluation clock cycles for data routers 120 and 140 are 

indicated by bold vertical lines at the beginning of such a cycle. In other words, 

data router 120 evaluates the routing information of received data packages at 

t, t+3, t+6 and so on, whereas data router 140 evaluates the routing 

information of received data packages at t+1, t+4, t+7 and so on. Data router 

120 sends data element h at T=t to data router 140. At T=t, data element h is 

received by data storage element 160 in the first subchannel 152, which stores 

the data element h and sends it to the data router 140 at T = t+1, which 

receives the data element h during the same clock cycle and evaluates the 

routing information comprised in header h. 

After the data router 140 has received data element d1 at T = t+2 and 

data element d2 and T = t+3, i.e., after the data router 140 has received the 

complete data package, the data router 140 sends the first data element of the 

data package to the data router 140 via the second subchannel 154. Due to 

the presence of two data storage elements 160 on the second subchannel 

154, the first data element h is received by the data router 120 at T = t+6, i.e. 

during a cycle at which the data router 120 is scheduled to evaluate the routing 

information, with the other two data elements d1 and d2 respectively arriving at 

the subsequent cycles t+ 7 and t+8. It will be recognized that the data storage 

elements 160 in the subchannels 152 and 154 operate as phase shifters to 

ensure that routing information is evaluated at the right time in each data 

router phase domain. The application of phase shifting techniques has the 

advantage that the delay introduced on the individual subchannels 152, 154 

can be less than a full data package, thus improving the performance of the 

slow communication channel 150 compared to the solution presented in Fig. 1. 

At this point, it will be appreciated that the number of different phase 

domains can be further extended without departing from the teachings of the 

present invention. It is reiterated that although the exemplary implementations 

of the data storage elements is given on a communication channel between 

two data routers, implementations on channels between other types of network 

stations, e.g. between a data router and a network interface, are equally 

feasible. 
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Fig. 5 shows an asynchronous implementation of a delayed duplex 

communication channel 150 between two network stations, e.g. data routers 

120 and 140, which is robust against clock skew. The data routers 120 and 

140 are triggered by clock signal CLK. However, due to the fact that the clock 

signal has to travel over a longer wire to data router 140 than to data router 

120, data router 140 receives a delayed clock signal CLK_d, with a delay of t1 

with respect to the clock signal CLK received by data router 120. In completely 

synchronous data communication networks 100, this can cause 

communication errors, because a data package sent by data router 140 at 

clock cycle t to data router 120 or the first delay element 160 over a slow 

communication channel 150 between the data routers 120 and 140 may arrive 

at its destination at cycle t+1 rather than at cycle t. As previously explained, 

this will cause the routing information to arrive at the data router 120 outside its 

routing information evaluation cycle, which will likely cause the loss of the 

information due to a routing error. 

This risk can be reduced by implementing the M*N data storage 

elements 160 as asynchronous FIFO buffers 520 and 540 on the first 

subchannel 152 and the second subchannel 154 respectively between data 

routers 120 and 140. This implementation is insensitive to clock skew, at least 

within certain limits. To improve the robustness against clock skew of the 

asynchronous FIFO buffers 520 and 540, the buffers may include slightly more 

than the M*N data storage elements, as will be explained in more detail below. 

The asynchronous FIFO buffers 520 and 540 have communication 

behaviour independent of the clock CLK; the data is rippled through the FIFO 

buffers 520 and 540 based on handshake protocols. Such behaviour is usually 

quicker than synchronous communication because the latter is dominated by 

the slowest path in the synchronous communication network, as previously 

explained. 

A communication of a data package from data router 120 to FIFO buffer 

520 is initiated by a handshake validation signal 501 followed by synchronous 

data communication 502 of the data elements of a data package having size 

N; this communication is governed by data router 120, which is responsive to 
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clock signal CLK. The data elements take a time period t2 to ripple through 

Fl FO buffer 520, after which a handshake request 503 is sent to the data 

router 140. The receipt of an initial handshake request initializes data router 

140 and triggers the data router 140 to accept the data communication by 

sending an acknowledge signal 504 to the FIFO buffer 520, which triggers the 

data communication 505. The data router 140 will remain initialized until the 

data stream of data packages has been received completely. The data 

package receipt periods of data routers 120 and 140 are indicated by the bold 

horizontal lines over the clock signals elk and clk_d respectively. The data 

router 140 receives the data communication synchronously and sends the 

data package synchronously, i.e. one data element per clock cycle, to FIFO 

buffer 540 N clock cycles after receiving the request signal 503, in accordance 

with a wormhole routing approach, by sending a handshake validation signal 

506 and data communication 507 to the FIFO buffer 540. After a period t3, i.e. 

the time it takes the data elements to ripple through the FIFO buffer 540, the 

FIFO buffer 540 sends a handshake request signal 508 to data router 120. 

Crucially, because data router 120 has already been initialized, i.e. it is 

already engaged in communicating a data stream to data router 140, data 

router 120 will only send an acknowledge signal 509 to such a handshake 

request to enable communication 510 at the beginning of a routing information 

evaluation cycle of data router 120, as indicated by the vertical dashed line. 

Alternatively, if the transmission of the data stream from data router 120 to 

data router 140 had completed prior to the handshake request 508 from FIFO 

buffer 540 to data router 120, this request would initialize the data router 120. 

In both cases, the receipt of the routing information in the correct timeslot of 

data router 120 is ensured despite the clock skew on the clock signal 

triggering the data routers 120 and 140. In case the clock skew between data 

router 120 and data router 140 is substantial, the data router 140 may send a 

first data element of a next data package to the Fl FO buffer 540 before this 

buffer has received the acknowledge signal 509. In such a scenario, the FIFO 

buffer 509 must be capable of storing more than M*N data elements to avoid 

the loss of data stored in the FIFO buffer 509. This can be realized by adding 
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one or more data storage elements to the M*N data storage elements as 

overwrite protection. 

An IC 10 comprising a data communication network 100 according to 

the present invention can be designed using an IC design method modified as 

follows. After designing a first version of the IC 10, which can be done using 

well-known IC design tools, and which will not be further explained for that 

reason, an evaluation step is performed in which a first communication 

channel between a network station and a second network station having a 

data transfer delay exceeding a predefined delay threshold is identified. 

Consequently, the design of the data communication network 100 is modified 

according to the teachings of the present invention by inserting M*N data 

storage elements into the network, M being a positive integer, for introducing a 

delay of M*N cycles on the first communication channel. This allows for an 

increase of the maximum clock speed at which the data communication 

network 100 can operate. 

The insertion step may comprise inserting A data storage elements into the 

first subchannel (152) of the first communication channel (150) for introducing 

a delay of A cycles onto said first subchannel and inserting B data storage 

elements into the second subchannel (154) of the first communication channel 

(150) for introducing a delay of B cycles onto said second subchannel with A 

and B being positive integers and with A+ B = M*N to create a phase-shifted 

data communication network 100 as outlined in Fig. 3 and 4 and their detailed 

description. 

It should be noted that the above-mentioned embodiments illustrate 

rather than limit the invention, and that those skilled in the art will be able to 

design many alternative embodiments without departing from the scope of the 

appended claims. 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. The word "a" or "an" preceding an element does not 

exclude the presence of a plurality of such elements. The invention can be 

implemented by means of hardware comprising several distinct elements. In 
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the device claim enumerating several means, several of these means can be 

embodied by one and the same item of hardware. The mere fact that certain 

measures are recited in mutually different dependent claims does not indicate 

that a combination of these measures cannot be used to advantage. 
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CLAIMS 

1. An integrated circuit (10) comprising: 

a plurality of functional blocks (101, 102, 103, 104 ); and 

a data communication network comprising a plurality of network stations 

(105-108, 110, 120, 130, 140) being interconnected via a plurality of 

communication channels (150) for communicating data packages between the 

functional blocks (101, 102, 103, 104), each data package comprising N data 

elements including a data element comprising routing information for the 

network stations (105-108, 110,120,130,140), N being an integer of at least 

two, the plurality of network stations comprising a plurality of data routers (110, 

120, 130, 140) and a plurality of network interfaces (105-108), each of the data 

routers (110, 120, 130, 140) being coupled to a functional block (101, 102, 

103, 104) via a network interface (105-108), the data communication network 

(100) comprising a first network station (140) and a second network station 

(120) interconnected through a first communication channel (150), the network 

comprising M*N data storage elements (160), M being a positive integer, for 

introducing a delay of M*N cycles on the first communication channel (150). 

2. An integrated circuit (10) as claimed in Claim 1, wherein each 

communication channel (150) comprises: 

a first subchannel (152) between an input port of a first associated 

network station and and an output port of a second associated network station; 

and 

a second subchannel (154) between an input port of the second 

associated network station and and an output port of the first associated 

network station for enabling duplex communication between the two 

associated network stations. 

3. An integrated circuit (10) as claimed in Claim 2, wherein the M*N data 

elements (160) are distributed over the first subchannel (152) and the second 

subchannel (152; 154) of the first communication channel (150). 
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4. An integrated circuit as claimed in claim 3, wherein: 

the first network station is arranged to evaluate the routing information 

in a first cycle and the second network station is arranged to evaluate the 

routing information in a second cycle, the difference between the first cyle and 

the second cycle being A cycles; and 

the first subchannel (152) of the first communication channel (150) 

exhibits a delay of A cycles implemented by A data storage elements (160) 

and the second subchannel (154) exhibits a delay of B cycles implemented by 

B data storage elements (160), A and B being positive integers, with A + B = 

M*N. 

5. An integrated circuit as claimed in claim 4, wherein any network path 

from a further network station being arranged to evaluate the routing 

information in the second cycle to the first network station comprises C delay 

elements, C being a positive integer with C modulo N = A; and any network 

path to the further network station from the first network station comprises D 

delay elements; D being a positive integer with D modulo N = B. 

6. An integrated circuit (10) as claimed in Claim 1-5, wherein M = 1. 

7. An integrated circuit (10) as claimed in Claim 3, wherein the first 

subchannel (152) and the second subchannel (154) of the first communication 

channel (150) each comprise a delay introduced by ½*M*N data storage 

elements (160). 

8. An integrated circuit (10) as claimed in Claim 1 or 2, further comprising 

a clock signal generator, the plurality of network stations (110, 120, 130, 140) 

and the M*N storage elements (160) being responsive to the clock signal 

generator. 
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9. An integrated circuit (10) as claimed in claim 1 or 2, wherein each 

network station (110, 120, 130, 140) comprises a first memory element and a 

second memory element associated with a communication port of said network 

station, the first memory element being arranged to store routing information 

from a data package requiring a first service level associated with said 

communication port and the second memory element being arranged to store 

routing information from a data package requiring a second service level 

associated with said communication port. 

10. A method of designing an integrated circuit (10) comprising a plurality of 

functional blocks (101, 102, 103, 104), and a data communication network 

comprising a plurality of network stations (105-108, 110, 120, 130, 140) being 

interconnected via a plurality of communication channels (150) for 

communicating data packages between the functional blocks (101, 102, 103, 

104 ), each data package comprising N data elements including a data element 

comprising routing information for the network stations (105-108, 110, 120, 

130, 140), N being an integer of at least two, the plurality of network stations 

comprising a plurality of data routers (110, 120, 130, 140) and a plurality of 

network interfaces (105-108), each of the data routers (110, 120, 130, 140) 

being coupled to a functional block (101, 102, 103, 104) via a network 

interface; the method comprising: 

identifying a first communication channel (150) between a first network 

station (140) and a second network station (120) that has a data transfer delay 

exceeding a predefined delay threshold; and 

inserting M*N data storage elements (160) into the data communication 

network (100), M being a positive integer, for introducing a delay of M*N cycles 

on the first communication channel (150). 

11. A method as claimed in Claim 10, wherein each communication channel 

(150) comprises a first subchannel (152) between an input port of a first 

associated network station and and an output port of a second associated 

network station and a second subchannel (154) between an input port of the 



WO 2006/111931 PCT/IB2006/051218 

21 

second associated network station and and an output port of the first 

associated network station for enabling duplex communication between the 

two associated network stations; and 

the first network station being arranged to evaluate the routing 

information in a first cycle and the second network station being arranged to 

evaluate the routing information in a second cycle, the difference between the 

first cyle and the second cycle being A cycles, the method further comprising: 

inserting A data storage elements into the first subchannel (152) of the 

first communication channel (150) for introducing a delay of A cycles onto said 

first subchannel; and 

inserting B data storage elements into the second subchannel (154) of 

the first communication channel (150) for introducing a delay of B cycles onto 

said second subchannel; A and B being positive integers, with A + B = M*N. 
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DESCRIPTION 

INTEGRATED CIRCUIT WITH DATA COMMUNICATION 

NETWORK AND IC DESIGN METHOD 

The present invention relates to an integrated circuit having a plurality of 

functional blocks interconnected via a data communication network. 

10 Nowadays, most integrated circuits (ICs) are very large scale integration 

(VLSI) circuits having a large number of features that typically implement a 

large number of functions on board the IC. The various functions may be 

located in discrete functional blocks, e.g. system on chip (SoC) architectures. 

The interconnect of the functional blocks poses a design challenge, because 

15 the high clock speeds of modern ICs facilitate the processing of large amounts 

of data, which means that the interconnect of the IC must be capable of 

communicating large amounts of data between the functional blocks. 

To facilitate flexible communication on the one hand and to limit the 

amount of wires required on the other hand, ICs may incorporate a data 

20 communication network, also referred to as a network on chip (NoC). Such 

networks typically comprise a plurality of network stations, each associated 

with a functional block, interconnected via communication channels, e.g. wires. 

The plurality of network stations include a pluraility of data routers and a 

plurality of network interfaces, each data router being coupled to a functional 

25 block via a network interface. The data can be communicated over the network 

in the form of packages that include a mixture of data and routing instructions 

for the network stations. In networks facilitating duplex communication, a pair 

of network stations is typically interconnected via at least a pair of 

communication subchannels to facilitate the two-way communication. 

30 A problem associated with communication channels, e.g. wires, on !Cs 

is that the clock speed at which the IC can operate may be determined by the 

slowest communication channel, i.e. the channel exhibiting the largest data 
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transfer delay. Several solutions for such a problem exist, see for instance 

Carloni et al.: Coping with latency in Soc design, IEEE Micro§., Vol. 22, pages 

24-35, IEEE 2002, in which a number of solutions are presented. A possible 

solution is to introduce a data storage element such as a latch into the slowest 

s data communication channel. Consequently, the clock speed of the data 

communication part of the IC can be increased at the expense of an additional 

clock cycle for the communication along the slowest communication channel. 

Unfortunately, such a solution cannot straightforwardly be applied to ICs 

communicating data between the functional blocks via an integrated network, 

10 especially when the nature of the communicated data differs per clock cycle; 

see E. Rijpkema et al.: Trade-offs in the design of a router with both 

guaranteed and best-effort services for networks on chip; IEE Proc.- Comput. 

Digit. Tech. 2003, page 1-9 (IEE proceedings online no. 20030830), for an 

example of such a network. Such a network operates on the principle that a 

1s network station such as a data router receives the routing data incorporated in 

the data packet during a predefined clock cycle. Delaying the communication 

to that router over a slow communication channel by a clock cycle to speed up 

the rest of the network would cause the routing data to arrive outside the 

predefined clock cycle, causing erroneous behaviour of the network. 

20 

The present invention seeks to improve the data communication speed 

of a network of an integrated circuit according to the opening paragraph. 

According to an aspect of the invention, there is provided an integrated 

25 circuit a plurality of functional blocks and a data communication network 

comprising a plurality of network stations being interconnected via a plurality of 

communication channels for communicating data packages between the 

functional blocks, each data package comprising N data elements including a 

data element comprising routing information for the network stations, N being 

30 an integer of at least two, the plurality of network stations comprising a plurality 

of data routers and a plurality of network interfaces, each of the data routers 

being coupled to a functional block via a network interface, the data 
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communication network comprising a first network station and a second 

network station interconnected through a first communication channel, the 

network comprising M*N data storage elements, M being a positive integer, for 

introducing a delay of M*N cycles on the first communication channel. 

5 The invention is based on the realization that the correct operation of 

the network relies on the maintenance of the correct periodicity between the 

network stations. Because the data packages have a fixed size of N data 

eiements, the communication of a complete package between two network 

stations takes N clock cycles, or N handshake driven data transfers in case of 

10 an asynchronous implementation of the network. The routing information, e.g. 

destination and required service type (e.g. best effort or guaranteed 

bandwidth) has a fixed position in the data package, e.g. the first data element 

(i.e. a header), although other data elements may (also) contain such 

information. Since a network station expects routing information to arrive 

15 periodically (i.e. after every N cycles), the introduction of a delay on the first 

communication channel (which typically is the slowest channel of the network) 

matching such a period, i.e. by delaying the whole data package rather than a 

single data element, the delayed data package is received by the receiving 

network station during the appropriate period, e.g. clock cycle. 

20 Each communication channel may a comprise first subchannel between 

an input port of a first associated network station and an output port of a 

second associated network station and a second subchannel between an input 

port of the second associated network station and an output port of the first 

associated network station for enabling duplex communication between the 

25 two associated network stations. The M*N data elements may be distributed 

over the subchannels of the first communication channel. 

In a preferred embodiment, the first network station is arranged to 

evaluate the routing information in a first cycle and the second network station 

is arranged to evaluate the routing information in a second cycle, the 

30 difference between the first cycle and the second cycle being A cycles; and 

the first subchannel of the first communication channel exhibits a delay of A 

cycles implemented by A data storage elements and the second subchannel 
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exhibits a delay of B cycles implemented by B data storage elements, A and B 

being positive integers, with A + B = M*N. 

The introduction of a phase shift in the routing evaluation phase for a 

one of the network stations in the network has the advantage that the number 

5 of delay elements in a data communication (sub)channel can be smaller than 

the number of data elements in a data package, thus improving the latency of 

that particular data communication (sub)channel. The drawback is that all 

communication to the phase-shifted network station has to run via the delayed 

communication channel to introduce the appropriate phase shift. This limitation 

10 can be avoided, however, by ensuring that any network path from a further 

network station being arranged to evaluate the routing information in the 

second cycle to the first network station comprises C delay elements, C being 

a positive integer with C modulo N = A; and any network path to the further 

network station from the first network station comprises D delay elements; B 

15 being a positive integer with D modulo N = B. This maintains the correct phase 

relation between the first network station and any other network station that 

operate on a different router information evaluation phase than the first 

network station, thus maintaining the optimal flexibility in the network. 

In an alternative embodiment, each subchannel of the first 

20 communication channel comprises a delay introduced by ½*M*N data storage 

elements, with ½*M*N typically corresponding to the size of a data package. 

Consequently, since both paths of the duplex communication channel are 

likely to have similar lengths and similar delay characteristics, the partitioning 

of both subchannels allows for the improvement of the speed of the network in 

25 both communication directions. 

Preferably, M=i in order to minimize the number of required delay 

elements, which will minimize the delay introduced on the first communication 

channel. 

In a synchronous implementation, the IC further comprises a clock 

30 signal generator, the plurality of network stations and the M*N storage 

elements being responsive to the clock signal generator, to ensure that no 
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data conflicts can arise between the data routers and the M*N storage 

elements. 

Each network station may comprise a first memory element and a 

second memory element associated with a communication port of said network 

s station, the first memory element being arranged to store routing information 

from a data package requiring a first service level associated with said 

communication port and the second memory element being arranged to store 

routing information from a data package requiring a second service level 

associated with said communication port. Such an implementation allows for 

10 the interleaving of packages requiring different service levels, e.g. best effort 

and guaranteed bandwidth service levels. 

According to a further aspect of the invention, there is provided a 

method of designing an integrated circuit comprising a plurality of functional 

blocks and a data communication network comprising a plurality of network 

15 stations being interconnected via a plurality of communication channels for 

communicating data packages between the functional blocks, each data 

package comprising N data elements including a data element comprising 

routing information for the network stations, N being an integer of at least two, 

the plurality of network stations comprising a plurality of data routers and a 

20 plurality of network interfaces, each of the data routers being coupled to a 

functional block via a network interface; the method comprising identifying a 

first communication channel between a first network station and a second 

network station that has a data transfer delay exceeding a predefined delay 

threshold; and inserting M*N data storage elements into the data 

25 communication network, M being a positive integer, for introducing a delay of 

M*N cycles on the first communication channel. Such a method facilitates the 

design of an integrated circuit of the present invention. 

In a preferred embodiment, each communication channel comprises a 

first subchannel between an input port of a first associated network station and 

30 an output port of a second associated network station and a second 

subchannel between an input port of the second associated network station 

and and an output port of the first associated network station tor enabling 
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duplex communication between the two associated network stations; and the 

first network station being arranged to evaluate the routing information in a first 

cycle and the second network station being arranged to evaluate the routing 

information in a second cycle, the difference between the first cyle and the 

s second cycle being A cycles, the method further comprising inserting A data 

storage elements into the first subchannel of the first communication channel 

for introducing a delay of A cycles onto said first subchannel; and inserting B 

data storage elements into the second subchannel of the first communication 

channel for introducing a delay of B cycles onto said second subchannel; A 

10 and B being positive integers, with A + B = M*N. Such a method facilitates the 

design of a preferred embodiment of the integrated circuit of the present 

invention. 

The invention is described in more detail and by way of non-limiting 

15 examples with reference to the accompanying drawings, wherein: 

Fig.1 shows an embodiment of an IC of the present invention; 

Fig. 2 shows the timing behaviour along a delayed communication 

channel of said IC; 

Fig. 3 shows another embodiment of an IC of the present invention; 

20 Fig. 4 shows the timing behaviour along a delayed communication 

25 

channel of said IC; and 

Fig. 5 shows yet another embodiment of an IC of the present invention 

including its timing behaviour. 

It should be understood that the Figures are merely schematic and are 

not drawn to scale. It should also be understood that the same reference 

numerals are used throughout the Figures to indicate the same or similar 

parts. 

Fig. 1 shows an integrated circuit (IC) 1 0 according to an embodiment 

30 of the present invention. The IC 1 0 has four functional blocks 101-i 04, e.g. 

processing units, which are interconnected via a data communication network 

1 00 including data routers 110, 120, 130, 140, which respectively are coupled 
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to the functional blocks 101-104 via respective network interfaces 105-108. 

The data routers 110, 120, 130, 140 and the network interfaces 105-108 

comprise the network stations of the data communication network 100. 

Exemplary embodiments of such data routers and network interfaces can for 

s instance be found in: "An efficient On-Chip Network Interface Offering 

Guaranteed Services, Shared Memory Abstraction and Flexible Network 

Configuration" by Radulescu et al.; Proceedings of Design, Automation and 

Test Conference in Europe, February 2004, and in E. Rijpkema et al.: Trade­

offs in the design of a router with both guaranteed and best-effort services for 

10 networks on chip; IEE Proc.- Comput. Digit. Tech. 2003, page 1-9 (IEE 

proceedings online no. 20030830) as well as in the relevant references 

therein, the relevant passages thereof being incorporated by reference. 

The network stations of the data communication network 100 are 

interconnected via a plurality of data communication channels 150. The 

15 communication channels 150 may comprise one or more wires, e.g. data 

buses. The data communication network 100 is configured to allow flexible 

communication of data streams between the functional blocks 101-104. 

Typically, such a data stream comprises one of more data packages, with 

each data package comprising N data elements, with N being an integer 

20 having a value of at least 2. At least one of the N data elements in a package, 

e.g. the first data element, comprises routing instructions for the destination 

network station. Such data packages are sometimes referred to as flow 

instruction units (flits). 

The data streams may be communicated over the network 100 using 

25 known communication techniques such as store and forward routing, in which 

a complete data stream is stored in a data router before it is forwarded to its 

next destination, or wormhole routing, in which the data routers can send a 

stored data package to its next destination before the complete data stream 

has been received. The latter technique has the advantage that the data 

30 routers 110, 120, 130, 140 need less storage capacity but both techniques are 

equally feasible, and other techniques may be used as well. 



8 PH000268EP2 

The data network 100 shown in Fig.1 is a duplex network, i.e. it allows 

simultaneous data communication in two directions. It is emphasized, 

however, that the present application is equally applicable to simplex networks, 

i.e. networks that do not support simultaneous two-way communication. To 

5 facilitate the duplex communication over data network 100, each 

communication channel 150 comprises a first subchannel 152 and a second 

subchannel 154 between respective inputs and outputs of two neighbouring 

network stations, e.g. data routers 120 and 140. This facilitates time-division 

multiple access (TOMA) data communication, for instance of a guaranteed 

10 bandwidth and a best effort service. To this end, each network station in the 

data communication network 1 00 has a plurality of memories, each comprising 

a first memory element and a second memory element, e.g. memory 122 in 

data router 120, associated with a communication port, i.e. an input port or an 

output port of the data router, or more precisely, associated with a service level 

15 of a communication via that communication port. Obviously, the plurality of 

memories may be implemented as a single memory having enough storage to 

keep track of each input or output port of the network station, as will be 

explained below by means of a communication between two data routers by 

way of example only. It will be appreciated that the same teachings can be 

20 applied to communications between a data router and a network interface or to 

communications between a network interface and a functional block without 

departing from the teachings of the present invention. 

Typically, the header of a first data package will comprise information 

about the destination of the data package as well as the service level of the 

25 data package, e.g. guaranteed bandwidth or best effort service. The service 

level will be flagged by setting a bit in the appropriate memory element of the 

destination output port of the data router. For subsequent data packages 

having the same service level, the data router will know that these data 

packages belong to a data stream in progress because the appropriate bit has 

30 been stored in the associated memory element. The last data package of the 

data stream contains an indicator causing the data router to reset said bit. 
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Such a mechanism allows interleaving of data packages of two data streams 

over a single communication channel. 

In Fig. 1 , the communication channel 150 between data routers 120 and 

140 has been identified as the communication channel in the network 1 00 

5 exhibiting a data transfer delay exceeding a predetermined delay threshold. 

Such an identification can be made at the IC design stage by subjecting the 

design to a simulation of the delay behaviour of the IC 1 O using available 

timing behaviour simulation tools. To avoid having to limit the communication 

speed, e.g. the clock speed, of the data communication network 100 in 

10 accordance with the delay characteristics of the communication channel 150 

between two network stations, e.g. data routers 120 and 140, this 

communication channel (which will be referred to as the slow communication 

channel 150) is equipped with M*N data storage elements to introduce a delay 

of M*N cycles onto the communication channel, with N corresponding to the 

15 size of a data package, thus allowing an increase of the maximum 

communication frequency of the data network 100 at the expense of the 

introduction of a delay of a single data package, i.e. the number of clock cycles 

it takes to communicate such a data package, on the slow communication 

channel 150. 

20 The network 100 shown in Fig. 1 is arranged to communicate data 

packages with size N=3. Other values of N are equally feasible. The first 

subchannel 152 of the slow communication channel 150 is extended with N=3 

data storage elements 160. Optionally, the second subchannel 154 of the slow 

communication channel 150 is also extended with N=3 data storage elements 

25 1 60, in which case M=2. Since the first subchannel 152 and the second 

subchannel 154 typically will be in each others vicinity, their respective delay 

characteristics typically will be similar, thus requiring the introduction of data 

storage elements 160 on both subchannels. However, in cases where the 

respective subchannels exhibit different delay characteristics, for instance 

30 because the subchannels have different lengths or because of the nature of 

the timing techniques used, e.g. waterfall clocking, the introduction of N data 
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elements 160 on only one of the subchannels can be sufficient, in which case 

M=1. 

It will be appreciated that the physical placement of the data storage 

elements 160 on the subchannels 152 and 154 is by way of example only; an 

5 implementation where the data storage elements 160 are integrated in the 

associated network stations, e.g. data router 120 or data router 140 is equally 

feasible. It will be appreciated that the same teachings can be applied to 

communications between a data router and a network interface or to 

communications between a network interface and a functional block without 

10 departing from the teachings of the present invention. The same applies to the 

other embodiments of the data communication network 100, e.g. the 

embodiments shown in Fig. 3 and 5. The data storage elements 160 may be a 

pipeline or a buffer of latches or flipflops, and may be implemented using 

synchronous or asynchronous storage elements. In Fig.1, the data storage 

15 elements 160 are responsive to the same clock signal (not shown) as the 

network stations including data routers 11 0, 120, 130, 140 and network 

interfaces 105-108. 

Fig. 2 shows the timing behaviour of the communication along the slow 

channel 150 extended with 3 data storage elements 160 on the first 

20 subchannel 152 interconnecting an output port of data router 120 with an input 

port of the data router 140. At clock cycle t, the data router 120 employing 

wormhole routing receives the first data element h of a data package 

(indicated by the bold box) having a size of 3 data elements. The subsequent 

data elements d1 and d2 of this data package are received by the data router 

2s 120 at respective clock cycles t+ 1 and t+2. The data routers 110, 120, 130, 

140 are all configured to periodically evaluate the content of a received data 

package, that is after every N clock cycles for a data package having a size N 

data elements. In the embodiment of the IC 1 0 shown in Fig. 1, all the data 

routers 110, 120, 130, 140 perform this operation simultaneously, i.e. at the 

30 same clock cycle, which is clock cycle t plus every Nth clock cycle afterwards, 

i.e. at t+3, t+6 and so on, at which the arrival of a header h of a new data 

package is expected. Such a periodical checking mechanism by a data router 



11 PH000268EP2 

may for instance be implemented using modulo N counters. Consequently, it is 

essential that the headers of the data packages do not arrive at any data 

router 11 0, 120, 130, 140 outside such an evaluation clock cycle. 

In line with the principle of wormhole routing, data router 120 starts 

s sending the data package upon its complete receipt, i.e. at clock cycle t+3 via 

the first subchannel 152 of the slow communication channel 150. At this point, 

it is emphasized that data elements sent via a non-delayed communication 

channel will arrive at the destination data router in the same clock cycle as 

they were sent. However, due to the presence of N=3 data storage elements 

10 160 in the first subchannel 152 of the slow communication channel 150, the 

first data storage element 160 receives the header h at t+3, passes it on to the 

second data storage element 160 at t+4, which passes it on to the third data 

storage element 160 at t+5, which finally passes it on to the data router 160 at 

t+6, which is in phase with the header evaluation cycle of the data routers 11 o, · 
1s 120, 130, 140 in the data network 150. This ensures the correct routing of the 

data package by the data router 140. 

In the embodiment of IC 1 0 according to the present invention as shown · 

Fig. 3, the data router 140 is configured to evaluate the header of a data . 

package A clock cycles later (or B cycles earlier) than the other data routers 

20 110, 120, 130 in the data network 100, with N corresponding to the number of 

data elements in a data package and A, B being positive integers with A+B = 

M*N. Typically, A modulo N and B modulo N are not equal to zero. 

In Fig. 3, M = 1, N = 3, A= 1 and B = 2 by way of example only. In other 

words, the data router 140 has a phase-shifted routing information evaluation 

2s cycle compared to the other data routers in the data network 100. To ensure 

that the routing information is correctly interpreted, i.e. to ensure that this 

information arrives at any data router during its appropriate clock cycle, two 

possible implementations can be chosen. In a first implementation, all 

communication to and from the phase-shifted data router 140 is routed through 

30 the slow communication channel 150. Consequently, only the slow 

communication channel 150 requires the introduction of M*N data storage 

elements over its subchannels 1 52 and 154. The drawback of this 
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implementation is that the flexibility of the data communication network 100 is 

reduced. 

In the preferred implementation, any network path from a further 

network station being arranged to evaluate the routing information in the 

s second cycle to the first network station comprises C delay elements, C being 

a positive integer with C modulo N = A, and any network path to the further 

network station from the first network station comprises D delay elements; B 

being a positive integer with D modulo N = B. This ensures that the correct 

phase relation between clock cycle and routing information evaluation is 

10 maintained throughout the whole data communication network 100. For 

instance, in Fig. 3, C = A and B = D, with C data elements 160 being 

introduced in the subchannel 152 between the output port of data router 130 

and the input port of data router 140 and with D data elements i 60 being 

introduced in the subchannel 154 between the input port of data router 130 

1s and the output port of data router 140. 

In other words, every communication channel 150 between two network 

stations exhibiting a phase-shifted routing information cycle with respect to 

each other should incorporate the appropriate number of data storage 

elements 160 to implement the number of cycles to which the phase shift 

20 corresponds. In Fig. 3, this means that all subchannels connected to an input 

port of the data router 140 are extended with A data storage elements 160 to 

introduce a delay of A cycles on the communication directed towards the data 

router 140, and all subchannels connected to an output port of the data router 

140 are extended with B data storage elements 160 to introduce a delay of B 

25 cycles on the communication originating from the data router i 40. Since A+B = 
M*N, each communication channel 150 to which data router 140 is connected 

incorporates M*N data storage elements 160, thus ensuring the introduction of 

a delay of exactly M data packages on a communication loop between two 

neighbouring data routers. 

30 This is explained in more detail in Fig. 4, where a data package 

consisting of data elements h, d1 and d2 is sent from data router 120 to data 

router 140 and back again in the network of IC 10 as shown in Fig. 3. The 
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routing information evaluation clock cycles for data routers 120 and 140 are 

indicated by bold vertical lines at the beginning of such a cycle. In other words, 

data router 120 evaluates the routing information of received data packages at 

t, t+3, t+6 and so on, whereas data router 140 evaluates the routing 

s information of received data packages at t+ 1, t+4, t+7 and so on. Data router 

120 sends data element hat T =t to data router 140. At T =t, data element h is 

received by data storage element 1 60 in the first subchannel 152, which stores 

the data element h and sends it to the data router 140 at T = t+ 1 , which 

receives the data element h during the same clock cycle and evaluates the 

10 routing information comprised in header h. 

After the data router 140 has received data element d1 at T = t+2 and 

data element d2 and T = t+3, i.e., after the data router 140 has received the 

complete data package, the data router 140 sends the first data element of the 

data package to the data router 140 via the second subchannel 154. Due to 

1s the presence of two data storage elements 160 on the second subchannel 

154, the first data element h is received by the data router 120 at T = t+6, i.e. 

during a cycle at which the data router 120 is scheduled to evaluate the routing 

information, with the other two data elements d1 and d2 respectively arriving at 

the subsequent cycles t+7 and t+8. It will be recognized that the data storage 

20 elements 160 in the subchannels 152 and 154 operate as phase shifters to 

ensure that routing information is evaluated at the right time in each data 

router phase domain. The application of phase shifting techniques has the 

advantage that the delay introduced on the individual subchannels 152, 154 

can be less than a full data package, thus improving the performance of the 

2s slow communication channel 150 compared to the solution presented in Fig. 1. 

At this point, it will be appreciated that the number of different phase 

domains can be further extended without departing from the teachings of the 

present invention. It is reiterated that although the exemplary implementations 

of the data storage elements is given on a communication channel between 

30 two data routers, implementations on channels between other types of network 

stations, e.g. between a data router and a network interface, are equally 

feasible. 
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Fig. 5 shows an asynchronous implementation of a delayed duplex 

communication channel 150 between two network stations, e.g. data routers 

120 and 140, which is robust against clock skew. The data routers 120 and 

140 are triggered by clock signal CLK. However, due to the fact that the clock 

5 signal has to travel over a longer wire to data router 140 than to data router 

120, data router 140 receives a delayed clock signal CLK_d, with a delay of t1 

with respect to the clock signal CLK received by data router 120. In completely 

synchronous data communication networks 1 00, this can cause 

communication errors, because a data package sent by data router 140 at 

10 clock cycle t to data router 120 or the first delay element 160 over a slow 

communication channel 150 between the data routers 120 and 140 may arrive 

at its destination at cycle t+ 1 rather than at cycle t. As previously explained, 

this will cause the routing information to arrive at the data router 120 outside its 

routing information evaluation cycle, which will likely cause the loss of the 

1s information due to a routing error. 

This risk can be reduced by implementing the M*N data storage 

elements 160 as asynchronous FIFO buffers 520 and 540 on the first 

subchannel 1 52 and the second subchannel 154 respectively between data 

routers 120 and 140. This implementation is insensitive to clock skew, at least 

20 within certain limits. To improve the robustness against clock skew of the 

asynchronous FIFO buffers 520 and 540, the buffers may include slightly more 

than the M*N data storage elements, as will be explained in more detail below. 

The asynchronous FIFO buffers 520 and 540 have communication 

behaviour independent of the clock CLK; the data is rippled through the FIFO 

25 buffers 520 and 540 based on handshake protocols. Such behaviour is usually 

quicker than synchronous communication because the latter is dominated by 

the slowest path in the synchronous communication network, as previously 

explained. 

A communication of a data package from data router 120 to FIFO buffer 

30 520 is initiated by a handshake validation signal 501 followed by synchronous 

data communication 502 of the data elements of a data package having size 

N; this communication is governed by data router 120, which is responsive to 
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clock signal CLK. The data elements take a time period t2 to ripple through 

FIFO buffer 520, after which a handshake request 503 is sent to the data 

router 140. The receipt of an initial handshake request initializes data router 

140 and triggers the data router 140 to accept the data communication by 

s sending an acknowledge signal 504 to the FIFO buffer 520, which triggers the 

data communication 505. The data router 140 will remain initialized until the 

data stream of data packages has been received completely. The data 

package receipt periods of data routers 120 and 140 are indicated by the bold 

horizontal lines over the clock signals elk and clk_d respectively. The data 

10 router 140 receives the data communication synchronously and sends the 

data package synchronously, i.e. one data element per clock cycle, to FIFO 

buffer 540 N clock cycles after receiving the request signal 503, in accordance 

with a wormhole routing approach, by sending a handshake validation signal 

506 and data communication 507 to the FIFO buffer 540. After a period t3, i.e. 

1s the time it takes the data elements to ripple through the FIFO buffer 540, the 

FIFO buffer 540 sends a handshake request signal 508 to data router 120. 

Crucially, because data router 120 has already been initialized, i.e. it is 

already engaged in communicating a data stream to data router 140, data 

router 120 will only send an acknowledge signal 509 to such a handshake 

20 request to enable communication 51 Oat the beginning of a routing information 

evaluation cycle of data router 120, as indicated by the vertical dashed line. 

Alternatively, if the transmission of the data stream from data router 120 to 

data router 140 had completed prior to the handshake request 508 from FIFO 

buffer 540 to data router 120, this request would initialize the data router 120. 

25 In both cases, the receipt of the routing information in the correct timeslot of 

data router 120 is ensured despite the clock skew on the clock signal 

triggering the data routers 120 and 140. In case the clock skew between data 

router 120 and data router 140 is substantial, the data router 140 may send a 

first data element of a next data package to the FIFO buffer 540 before this 

30 buffer has received the acknowledge signal 509. In such a scenario, the FIFO 

buffer 509 must be capable of storing more than M*N data elements to avoid 

the loss of data stored in the FIFO buffer 509. This can be realized by adding 
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one or more data storage elements to the M*N data storage elements as 

overwrite protection. 

An IC 1 O comprising a data communication network 100 according to 

the present invention can be designed using an IC design method modified as 

5 follows. After designing a first version of the IC 10, which can be done using 

well-known IC design tools, and which will not be further explained for that 

reason, an evaluation step is performed in which a first communication 

channel between a network station and a second network station having a 

data transfer delay exceeding a predefined delay threshold is identified. 

10 Consequently, the design of the data communication network 1 00 is modified 

according to the teachings of the present invention by inserting M*N data 

storage elements into the network, M being a positive integer, for introducing a 

delay of M*N cycles on the first communication channel. This allows for an 

increase of the maximum clock speed at which the data communication 

1s network 1 00 can operate. 

The insertion step may comprise inserting A data storage elements into the 

first subchannel (152) of the first communication channel (150) for introducing 

a delay of A cycles onto said first subchannel and inserting B data storage 

elements into the second subchannel (154) of the first communication channel 

20 (150) for introducing a delay of B cycles onto said second subchannel with A 

and B being positive integers and with A + B = M*N to create a phase-shifted 

data communication network 100 as outlined in Fig. 3 and 4 and their detailed 

description. 

It should be noted that the above-mentioned embodiments illustrate 

25 rather than limit the invention, and that those skilled in the art will be able to 

design many alternative embodiments without departing from the scope of the 

appended claims. 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 

30 those listed in a claim. The word "a" or "an" preceding an element does not 

exclude the presence of a plurality of such elements. The invention can be 

implemented by means of hardware comprising several distinct elements. In 
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the device claim enumerating several means, several of these means can be 

embodied by one and the same item of hardware. The mere fact that certain 

measures are recited in mutually different dependent claims does not indicate 

that a combination of these measures cannot be used to advantage. 
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CLAIMS 

1. An integrated circuit (10) comprising: 

a plurality of functional blocks (101, 102, 103, 104); and 

s a data communication network comprising a plurality of network stations 

(105-108, 110, 120, 130, 140) being interconnected via a plurality of 

communication channels (150) for communicating data packages between the 

functional blocks (101, 102, 103, 104), each data package comprising N data 

elements including a data element comprising routing information for the 

10 network stations (105-108, 11 O, 120, 130, 140), N being an integer of at least 

two, the plurality of network stations comprising a plurality of data routers (11 O, 

120, 130, 140) and a plurality of network interfaces (105-108), each of the data 

routers (110, 120, 130, 140) being coupled to a functional block (101, 102, 

103, 104) via a network interface (105-108), the data communication network 

1s (100) comprising a first network station (140) and a second network station 

(120) interconnected through a first communication channel (150), the network 

comprising M*N data storage elements (160), M being a positive integer, for 

introducing a delay of M*N cycles on the first communication channel (150). 

20 2. An integrated circuit (10) as claimed in Claim 1, wherein each 

communication channel (150) comprises: 

a first subchannel (152) between an input port of a first associated 

network station and and an output port of a second associated network station; 

and 

25 a second subchannel (154) between an input port of the second 

associated network station and and an output port of the first associated 

network station for enabling duplex communication between the two 

associated network stations. 

30 3. An integrated circuit (1 0) as claimed in Claim 2, wherein the M*N data 

elements (160) are distributed over the first subchannel (152) and the second 

subchannel (152; 154) of the first communication channel (150). 
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4. An integrated circuit as claimed in claim 3, wherein: 

the first network station is arranged to evaluate the routing information 

in a first cycle and the second network station is arranged to evaluate the 

s routing information in a second cycle, the difference between the first cyle and 

the second cycle being A cycles; and 

the first subchannel (152) of the first communication channel (150) 

exhibits a delay of A cycles implemented by A data storage elements (160) 

and the second subchannel (154) exhibits a delay of B cycles implemented by 

10 B data storage elements (160), A and B being positive integers, with A + B = 
M*N. 

5. An integrated circuit as claimed in claim 4, wherein any network path 

from a further network station being arranged to evaluate the routing 

1s information in the second cycle to the first network station comprises C delay 

elements, C being a positive integer with C modulo N = A; and any network 

path to the further network station from the first network station comprises D 

delay elements; D being a positive integer with D modulo N = 8. 

20 6. An integrated circuit (1 0) as claimed in Claim 1-5, wherein M = 1. 

7. An integrated circuit (10) as claimed in Claim 3, wherein the first 

subchannel (152) and the second subchannel (154) of the first communication 

channel (150) each comprise a delay introduced by ½*M*N data storage 

25 elements (160). 

8. An integrated circuit (1 0) as claimed in Claim 1 or 2, further comprising 

a clock signal generator, the plurality of network stations (110, 120, 130, 140) 

and the M*N storage elements (160) being responsive to the clock signal 

30 generator. 
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9. An integrated circuit (10) as claimed in claim 1 or 2, wherein each 

network station (110, 120, 130, 140) comprises a first memory element and a 

second memory element associated with a communication port of said network 

station, the first memory element being arranged to store routing information 

5 from a data package requiring a first service level associated with said 

communication port and the second memory element being arranged to store 

routing information from a data package requiring a second service level 

associated with said communication port. 

10 1 o. A method of designing an integrated circuit (1 0) comprising a plurality of 

functional blocks (101 , 102, 103, 104), and a data communication network 

comprising a plurality of network stations (105-1 08, 11 o, 120, 130, 140) being 

interconnected via a plurality of communication channels (150) for 

communicating data packages between the functional blocks (101, 102, 103, . 

15 104), each data package comprising N data elements including a data element · 

comprising routing information for the network stations (105-108, 110, 120, 

130, 140), N being an integer of at least two, the plurality of network stations· 

comprising a plurality of data routers (110, 120, 130, 140) and a plurality of 

network interfaces (105-108), each of the data routers (110, 120, 130, 140) 

20 being coupled to a functional block (101, 102, 1 03, 104) via a network 

interface; the method comprising: 

identifying a first communication channel (150) between a first network 

station (140) and a second network station (120) that has a data transfer delay 

exceeding a predefined delay threshold; and 

25 inserting M*N data storage elements (160) into the data communication 

network (100), M being a positive integer, for introducing a delay of M*N cycles 

on the first communication channel (150). 

11. A method as claimed in Claim 10, wherein each communication channel 

30 (150} comprises a first subchannel (152) between an input port of a first 

associated network station and and an output port of a second associated 

network station and a second subchannel (154) between an input port of the 
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second associated network station and and an output port of the first 

associated network station for enabling duplex communication between the 

two associated network stations; and 

the first network station being arranged to evaluate the routing 

s information in a first cycle and the second network station being arranged to 

evaluate the routing information in a second cycle, the difference between the 

first cyle and the second cycle being A cycles, the method further comprising: 

inserting A data storage elements into the first subchannel (152) of the 

first communication channel (150) for introducing a delay of A cycles onto said 

10 first subchannel; and 

15 

inserting B data storage elements into the second subchannel (154) of 

the first communication channel (150) for introducing a delay of B cycles onto 

said second subchannel; A and B being positive integers, with A+ B = M*N. 
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ABSTRACT 

INTEGRATED CIRCUIT WITH DATA COMMUNICATION 

NETWORK AND IC DESIGN METHOD 

An integrated circuit (10) comprises a plurality of functional blocks (101, 102, 

103, 104) and a data communication network (100) comprising a plurality of 

network stations being interconnected via a plurality of communication 

channels (150) for communicating data packages between the functional 

10 blocks (101,102,103, 104). Each data package comprising N data elements 

including a data element comprising routing information for the network 

stations (11 0, 120, 130, 140), N being an integer of at least two. The plurality 

of network stations comprises a plurality of data routers (110, 120, 130, 140) 

and a plurality of network interfaces, each of the data routers (110, 120, 130, 

15 140) being coupled to a functional block (101, 102, 103, 104) via a network 

interface (105-108), the data communication network (100) comprising a first 

network station (140) and a second network station (120) interconnected 

through a first communication channel (150), the network comprising M*N data 

storage elements (160), M being a positive integer, for introducing a delay of 

20 M*N cycles on the first communication channel (150).An integrated circuit (1 O) 

comprises a plurality of functional blocks (101, 1 02, 103, 104) and a plurality of 

data routers (110, 120, 130, 140), each being coupled to a functional block 

(101, 102, 103, 104). The introduction of a delay of one or more data 

packages on a slow communication channel (150) facilitates an increase of the 

25 maximum clock speed of the data communication over the data 

communication network (100). 

<Fig. 1> 
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11/912,175 

Examiner 

PHIRIN SAM 

Applicant(s) 

DIELISSEN ET AL. 

Art Unit 

2476 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;l_ MONTH(S) OR THIRTY (30) DAYS, 
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Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1)1Zl Responsive to communication(s) filed on 22 October 2007. 

2a)D This action is FINAL. 2b)[8J This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)[8J Claim(s) 1-11 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)[8J Claim(s) 1-3.6 and 10 is/are rejected. 

7)[8J Claim(s) 4.5.7-9 and 11 is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)[8J The drawing(s) filed on 22 October 2007 is/are: a)IZ! accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )□ The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)D All b)D Some* c)D None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17 .2(a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 
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1) [8J Notice of References Cited (PTO-892) 

2) D Notice of Draftsperson's Patent Drawing Review (PTO-948) 

4) D Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) D Notice of Informal Patent Application 3) [8J Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 12/20/07. 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) 

6) D Other: __ . 

Office Action Summary Part of Paper No./Mail Date 102207 
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1. The drawings are objected to under 37 CFR 1.83(a) because they fail to show the label of 

each block. For example, what is block 101 represent? Each block of the drawing should be 

labeled as described in the specification. Any structural detail that is essential for a proper 

understanding of the disclosed invention should be shown in the drawing. MPEP § 608.02(d). 

Corrected drawing sheets in compliance with 3 7 CFR 1.121 ( d) are required in reply to the Office 

action to avoid abandonment of the application. Any amended replacement drawing sheet should 

include all of the figures appearing on the immediate prior version of the sheet, even if only one 

figure is being amended. The figure or figure number of an amended drawing should not be 

labeled as "amended." If a drawing figure is to be canceled, the appropriate figure must be 

removed from the replacement sheet, and where necessary, the remaining figures must be 

renumbered and appropriate changes made to the brief description of the several views of the 

drawings for consistency. Additional replacement sheets may be necessary to show the 

renumbering of the remaining figures. Each drawing sheet submitted after the filing date of an 

application must be labeled in the top margin as either "Replacement Sheet" or "New Sheet" 

pursuant to 37 CFR 1.121(d). If the changes are not accepted by the examiner, the applicant will 

be notified and informed of any required corrective action in the next Office action. The 

objection to the drawings will not be held in abeyance. 

Claim Rejections - 35 USC§ 103 

2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
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such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

3. This application currently names joint inventors. In considering patentability of the 

claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various 

claims was commonly owned at the time any inventions covered therein were made absent any 

evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out 

the inventor and invention dates of each claim that was not commonly owned at the time a later 

invention was made in order for the examiner to consider the applicability of 35 U.S.C. 103( c) 

and potential 35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a). 

4. Claims 1-3, 6, and 10 are rejected under 35 U.S.C. 103(a) as being unpatentable over US 

Patent 7,362,763 to Wybenga et al. (hereinafter "Wybenga") in view of US Patent 7,197,009 of 

Dispensa (hereinafter "Dispensa"). 

Regarding claims 1 and 6, Wybenga discloses an integrated circuit (10) comprising: 

(a) a plurality of functional blocks (101,102, 103, 104) (see Fig. 1, col. 3, lines 65-67, col. 4, 

lines 1-2, distributed architecture router 100 provides scalability and high-performance using up 

to N independent routing nodes (RN), including exemplary routing nodes 110, 120, 130 and 140, 

connected by switch 150, which comprises a pair of high-speed switch fabrics 155a and 155b); 

(b) a data communication network (see Fig. 1) comprising a plurality of network stations 

(105-108, 110, 120, 130, 140) being interconnected via a plurality of communication channels 

(150) for communicating data packages between the functional blocks (101, 102, 103, 104) (see 

Fig. 1, col. 3, lines 65-67, col. 4, lines 1-7, distributed architecture router 100 provides 

scalability and high-performance using up to N independent routing nodes (RN), including 

exemplary routing nodes 110, 120, 130 and 140, connected by switch 150, which comprises a 
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pair of high-speed switch fabrics 155a and 155b. Each routing node comprises an input-output 

processor (IOP) module, and one or more physical medium device (PMD) module), each data 

package comprising N data elements including a data element comprising routing information 

for the network stations (105-108, 110, 120, 130, 140) (see Fig. 1, col. 4, lines 18-25, each of 

IOP modules 116, 126, 136 and 146 classifies requested services, looks up destination addresses 

from frame headers or datafields, and forwards frames to the outbound IOP module. Moreover, 

each IOP module also maintains an internal routing table determined from routing protocol 

messages and provisioned static routes and computes the optimal data paths from the routing 

table. Each IOP module processes an incomingframefrom one of its PMD modules), N being an 

integer of at least two, the plurality of network stations comprising a plurality of data routers 

(110, 120, 130, 140) and a plurality of network interfaces (105-108) (see Figs. 1 and 2, elements 

110, 120, 130, 140, 112, 114, 122, 124, 132, and 134, col. 4, lines 3-14), each of the data routers 

(110, 120, 130, 140) being coupled to a functional block (101,102, 103, 104) via a network 

interface (105-108) (see Figs. 1 and 2, elements 122, 124, and 126, col. 5, lines 7-16), the data 

communication network (100) comprising a first network station (140) and a second network 

station (120) interconnected through a first communication channel (150) (see Fig. 1, elements 

110, 140, col. 4, lines 15-21 ); 

Wybenga is silent to disclose the network comprising M*N data storage elements (160), 

M being a positive integer, for introducing a delay ofM*N cycles on the first communication 

channel (150). However, Dispensa discloses the network comprising M*N data storage elements 

(160), M being a positive integer, for introducing a delay ofM*N cycles on the first 

communication channel (150) (see Fig. 4, elements 411 and 412, col. 4, lines 63-67, col. 5, lines 

1-10). At the time of the invention, it would have been obvious to a person of ordinary skill in 
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the art to combine the network comprising M*N data storage elements (160), M being a positive 

integer, for introducing a delay ofM*N cycles on the first communication channel (150) 

teaching by Dispensa with Wybenga. The motivation for doing so would have been to provide to 

control the flow of data over two links to maintain an acceptable delay variation over the links 

for reducing the problem of miss-sequenced packets when the links communicate with a 

common destination read on column 3, lines 4-8. Therefore, it would have been obvious to 

combine Dispensa and Wybenga to obtain the invention as specified in the claims 1 and 6. 

Regarding claim 2, Wybenga is silent to disclose wherein each communication channel 

(150) comprises: a first subchannel (152) between an input port of a first associated network 

station and an output port of a second associated network station; and a second subchannel (154) 

between an input port of the second associated network station and an output port of the first 

associated network station for enabling duplex communication between the two associated 

network stations. However, Dispensa discloses each communication channel (150) comprises: a 

first subchannel (152) between an input port of a first associated network station and an output 

port of a second associated network station; and a second subchannel (154) between an input 

port of the second associated network station and an output port of the first associated network 

station for enabling duplex communication between the two associated network stations (see 

Figs. 2 and 4, elements 411 and 412, col. 4, lines 63-67, col. 5, lines 1-24). At the time of the 

invention, it would have been obvious to a person of ordinary skill in the art to combine a first 

subchannel (152) between an input port of a first associated network station and an output port of 

a second associated network station; and a second subchannel (154) between an input port of the 

second associated network station and an output port of the first associated network station for 

enabling duplex communication between the two associated network stations teaching by 
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Dispensa with Wybenga. The motivation for doing so would have been to provide to control the 

flow of data over two links to maintain an acceptable delay variation over the links for reducing 

the problem of miss-sequenced packets when the links communicate with a common destination 

read on column 3, lines 4-8. Therefore, it would have been obvious to combine Dispensa and 

Wybenga to obtain the invention as specified in the claim 2. 

Regarding claim 3, Wybenga is silent to disclose wherein the M*N data elements (160) 

are distributed over the first subchannel (152) and the second subchannel (152; 154) of the first 

communication channel (150). However, Dispensa discloses the M*N data elements (160) are 

distributed over the first subchannel (152) and the second subchannel (152; 154) of the first 

communication channel (150) (see Fig. 4, elements 411 and 412, col. 4, lines 63-67, and col. 5, 

lines 1-10). At the time of the invention, it would have been obvious to a person of ordinary skill 

in the art to combine the M*N data elements (160) are distributed over the first subchannel (152) 

and the second subchannel (152; 154) of the first communication channel (150) teaching by 

Dispensa with Wybenga. The motivation for doing so would have been to provide for controlling 

the flow of data over two links to maintain an acceptable delay variation over the links for 

reducing the problem of miss-sequenced packets when the links communicate with a common 

destination read on column 3, lines 4-8. Therefore, it would have been obvious to combine 

Dispensa and Wybenga to obtain the invention as specified in the claim 3. 

Regarding claim 10, Wybenga discloses a method of designing an integrated circuit (10) 

comprising a plurality of functional blocks (101,102, 103, 104) (see Fig. 1, col. 3, lines 65-67, 

col. 4, lines 1-2, distributed architecture router 100 provides scalability and high-peiformance 

using up to N independent routing nodes (RN), including exemplary routing nodes 110, 120, 130 

and 140, connected by switch 150, which comprises a pair of high-speed switch fabrics 155a and 
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155b), and a data communication network comprising a plurality of network stations (105-108, 

110, 120, 130, 140) being interconnected via a plurality of communication channels (150) for 

communicating data packages between the functional blocks (101,102, 103, 104) (see Fig. 1, 

col. 3, lines 65-67, col. 4, lines 1-7, distributed architecture router 100 provides scalability and 

high-peiformance using up to N independent routing nodes (RN), including exemplary routing 

nodes 110, 120, 130 and 140, connected by switch 150, which comprises a pair of high-speed 

switch fabrics 155a and 155b. Each routing node comprises an input-output processor (IOP) 

module, and one or more physical medium device (PMD) module), each data package 

comprising N data elements including a data element comprising routing information for the 

network stations (105-108, 110, 120, 130, 140) (see Fig. 1, col. 4, lines 18-25, each of IOP 

modules 116, 126, 136 and 146 classifies requested services, looks up destination addresses from 

frame headers or datafields, and forwards frames to the outbound IOP module. Moreover, each 

IOP module also maintains an internal routing table determined from routing protocol messages 

and provisioned static routes and computes the optimal data paths from the routing table. Each 

IOP module processes an incoming frame from one of its PMD modules), N being an integer of 

at least two, the plurality of network stations comprising a plurality of data routers (110, 120, 

130, 140) and a plurality of network interfaces (105-108) (see Figs. 1 and 2, elements 110, 120, 

130, 140, 112, 114, 122, 124, 132, and 134, col. 4, lines 3-14), each of the data routers (110, 120, 

130, 140) being coupled to a functional block (101,102, 103, 104) via a network interface (see 

Figs. 1 and 2, elements 122, 124, and 126, col. 5, lines 7-16); 

Wybenga is silent to disclose identifying a first communication channel (150) between a 

first network station (140) and a second network station (120) that has a data transfer delay 

exceeding a predefined delay threshold; and inserting M*N data storage elements (160) into the 



Application/Control Number: 11/912,175 

Art Unit: 2476 

Page 8 

data communication network (100), M being a positive integer, for introducing a delay ofM*N 

cycles on the first communication channel (150). However, Dispensa discloses identifying a first 

communication channel (150) (see Fig. 4, element 410, col. 4, lines 28-29) between a first 

network station (140) and a second network station (120) (see Fig. 2, between elements 200 and 

201 or 200 and 202 or 200 and 203) that has a data transfer delay exceeding a predefined delay 

threshold; and inserting M*N data storage elements (160) into the data communication network 

(100), M being a positive integer, for introducing a delay of M*N cycles on the first 

communication channel (150) (see Figs. 4 and 5, col. 4, lines 63-67, col. 5, lines 1-52). At the 

time of the invention, it would have been obvious to a person of ordinary skill in the art to 

combine identifying a first communication channel ( 15 0) between a first network station ( 140) 

and a second network station (120) that has a data transfer delay exceeding a predefined delay 

threshold; and inserting M*N data storage elements (160) into the data communication network 

(100), M being a positive integer, for introducing a delay of M*N cycles on the first 

communication channel (150) teaching by Dispensa with Wybenga. The motivation for doing so 

would have been to provide for controlling the flow of data over two links to maintain an 

acceptable delay variation over the links for reducing the problem of miss-sequenced packets 

when the links communicate with a common destination read on column 3, lines 4-8. Therefore, 

it would have been obvious to combine Dispensa and Wybenga to obtain the invention as 

specified in the claim 10. 

Allowable Subject Matter 

5. Claims 4, 5, 7-9, and 11 are objected to as being dependent upon a rejected base claim, 

but would be allowable if rewritten in independent form including all of the limitations of the 

base claim and any intervening claims. 
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6. Any inquiry concerning this communication or earlier communications from the 
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examiner should be directed to PHIRIN SAM whose telephone number is (571)272-3082. The 

examiner can normally be reached on Increased Flexitime Policy (IFP) Program. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Ayaz R. Sheikh can be reached on (571) 272 - 3795. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

Date: July 19, 2010 

Respectfully submitted, 

By: /Phirin Sam/ 
Phirin Sam 
Primary Examiner 
Art Unit 2476 
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PATENT 
Serial No. 11//912, 175 

Amendment in Reply to Office Action of July 22, 201 O 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 
John DIELISSEN; et al. 

Serial No. 11/912, 175 

Filed: October 22, 2007 

Atty. Docket: 000268US 1 

Confirmation No. 5577 

Group Art Unit: 2476 

Examiner: SAM, Phirin 

Title: INTEGRATED CIRCUIT WITH DATA COMMUNICATION NETWORK AND IC 
DESIGN METHOD 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

AMENDMENT 

In response to the Office Action mailed on July 22, 2010, please amend the above­

identified application and consider the remarks as follows: 

000268US1-amd-10-14-10 1 



PATENT 
Serial No. 11//912, 175 

Amendment in Reply to Office Action of July 22, 2010 

IN THE DRAWING 

Please replace FIGs 1, 3 and 5 with the enclosed replacement FIGs 1, 3 and 5. 

000268US1-amd-10-14-10 2 



PATENT 
Serial No. 11//912, 175 

Amendment in Reply to Office Action of July 22, 2010 

IN THE ABSTRACT 

Please delete the current Abstract in its entirety and substitute therefor the enclosed 

New Abstract. 

000268US 1-amd-10-14-10 3 



PATENT 
Serial No. 11//912,175 

Amendment in Reply to Office Action of July 22, 2010 

NEW ABSTRACT 

An integrated circuit includes functional blocks and a data communication network 

having network stations interconnected via communication channels for communicating 

data packages between the functional blocks. Each data package includes N data 

elements having a data element with routing information for the network stations, N being 

an integer of at least two. The network stations include data routers and network 

interfaces, where each of the data routers is coupled to a functional block via a network 

interface. The data communication network includes first and second network stations 

interconnected through a first communication channel. The network includes M*N data 

storage elements, M being a positive integer, for introducing a delay of M*N cycles on the 

first communication channel. 

000268US 1-amd-10-14-10 4 



PATENT 
Serial No. 11//912, 175 

Amendment in Reply to Office Action of July 22, 2010 

IN THE SPECIFICATION 

Please amend the specification as follows: 

Replace the paragraph spanning pages 10-11, between page 10, line 18, and page 

11, line 3 of the specification with the following: 

Fig. 2 shows the timing behaviour of the communication along the slow channel 150 

extended with 3 data storage elements 160 on the first subchannel 152 interconnecting an 

output port of data router 120 with an input port of the data router 140. At clock cycle t, the 

data router 120 employing wormhole routing receives the first data element h of a data 

package (indicated by the bold box) having a size of 3 data elements. The subsequent data 

elements d 1 and d2 d0 and d 1 of this data package are received by the data router 120 at 

respective clock cycles t+1 and t+2. The data routers 110, 120, 130, 140 are all configured 

to periodically evaluate the content of a received data package, that is after every N clock 

cycles for a data package having a size N data elements. In the embodiment of the IC 10 

shown in Fig. 1, all the data routers 110, 120, 130, 140 perform this operation 

simultaneously, i.e. at the same clock cycle, which is clock cycle t plus every Nth clock 

cycle afterwards, i.e. at t+3, t+6 and so on, at which the arrival of a header h of a new data 

package is expected. Such a periodical checking mechanism by a data router may for 

instance be implemented using modulo N counters. Consequently, it is essential that the 

000268US 1-amd-10-14-10 5 



PATENT 
Serial No. 11//912,175 

Amendment in Reply to Office Action of July 22, 2010 

headers of the data packages do not arrive at any data router 110, 120, 130, 140 outside 

such an evaluation clock cycle. 

Replace the paragraph spanning pages 12-13, between page 12, line 30, and page 

13, line 10 of the specification with the following: 

This is explained in more detail in Fig. 4, where a data package consisting of data 

elements h, d1 and d2 d0 and d1 is sent from data router 120 to data router 140 and back 

again in the network of IC 10 as shown in Fig. 3. The routing information evaluation clock 

cycles for data routers 120 and 140 are indicated by bold vertical lines at the beginning of 

such a cycle. In other words, data router 120 evaluates the routing information of received 

data packages at t, t+3, t+6 and so on, whereas data router 140 evaluates the routing 

information of received data packages at t+1, t+4, t+ 7 and so on. Data router 120 sends 

data element hat T=t to data router 140. At T=t, data element h is received by data storage 

element 160 in the first subchannel 152, which stores the data element h and sends it to 

the data router 140 at T = t+1, which receives the data element h during the same clock 

cycle and evaluates the routing information comprised in header h. 

Replace the paragraph on page 13, between lines 11-25 of the specification with the 

following: 

After the data router 140 has received data element d-1-d0 at T = t+2 and data 

000268US1-amd-10-14-10 6 



PATENT 
Serial No. 11//912, 175 

Amendment in Reply to Office Action of July 22, 2010 

element G2-d1 and T = t+3, i.e., after the data router 140 has received the complete data 

package, the data router 140 sends the first data element of the data package to the data 

router 440--120 via the second subchannel 154. Due to the presence of two data storage 

elements 160 on the second subchannel 154, the first data element h is received by the 

data router 120 at T = t+6, i.e. during a cycle at which the data router 120 is scheduled to 

evaluate the routing information, with the other two data elements d1 and d2 d0 and d1 

respectively arriving at the subsequent cycles t+ 7 and t+8. It will be recognized that the 

data storage elements 160 in the subchannels 152 and 154 operate as phase shifters to 

ensure that routing information is evaluated at the right time in each data router phase 

domain. The application of phase shifting techniques has the advantage that the delay 

introduced on the individual subchannels 152, 154 can be less than a full data package, 

thus improving the performance of the slow communication channel 150 compared to the 

solution presented in Fig. 1. 

Replace the paragraph spanning pages 14-15, between page 14, line 28, and page 

15, line 16 of the specification with the following: 

A communication of a data package from data router 120 to FIFO buffer 520 is 

initiated by a handshake validation signal 501 followed by synchronous data 

communication 502 of the data elements of a data package having size N; this 

communication is governed by data router 120, which is responsive to clock signal CLK. 

000268US 1-amd-10-14-1 0 7 



PATENT 
Serial No. 11//912,175 

Amendment in Reply to Office Action of July 22, 2010 

The data elements take a time period t2 to ripple through FIFO buffer 520, after which a 

handshake request 503 is sent to the data router 140. The receipt of an initial handshake 

request initializes data router 140 and triggers the data router 140 to accept the data 

communication by sending an acknowledge signal 504 to the FIFO buffer--a2Q 540, which 

triggers the data communication 505. The data router 140 will remain initialized until the 

data stream of data packages has been received completely. The data package receipt 

periods of data routers 120 and 140 are indicated by the bold horizontal lines over the clock 

signals elk and clk_d respectively. The data router 140 receives the data communication 

synchronously and sends the data package synchronously, i.e. one data element per clock 

cycle, to FIFO buffer 540 N clock cycles after receiving the request signal 503, in 

accordance with a wormhole routing approach, by sending a handshake validation signal 

506 and data communication 507 to the FIFO buffer 540. After a period t3, i.e. the time it 

takes the data elements to ripple through the FIFO buffer 540, the FIFO buffer 540 sends a 

handshake request signal 508 to data router 120. 

000268US 1-amd-1 0-14-10 8 



PATENT 
Serial No. 11//912, 175 

Amendment in Reply to Office Action of July 22, 2010 

IN THE CLAIMS 

This listing of claims will replace all prior versions, and listings, of claims in the 

application: 

Listing of Claims: 

1.(Currently Amended) An integrated circuit ~comprising: 

a plurality of functional blocks (101, 102, 103, 104); and 

a data communication network comprising a plurality of network stations (105 108, 

110, 120, 130, 140) being interconnected via a plurality of communication channels f-1-eGt 

for communicating data packages between the functional blocks (101, 102, 103, 104), each 

data package comprising N data elements including a data element comprising routing 

information for the network stations (105 108, 110, 120, 130, 140), N being an integer of at 

least two, the plurality of network stations comprising a plurality of data routers (110, 120, 

130, 140) and a plurality of network interfaces (105 108), each of the data routers f44-(), 

120, 130, 140) being coupled to a functional block (101, 102, 103, 104) via a network 

interface (105 108), the data communication network (100) comprising a first network 

station (140) and a second network station (120) interconnected through a first 

communication channel f-1-Wt, the network comprising M*N data storage elements (160), M 

being a positive integer, for introducing a delay of M*N cycles on the first communication 

000268US 1-amd-10-14-10 9 
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PATENT 
Serial No. 11//912,175 

Amendment in Reply to Office Action of July 22, 2010 

2.(Currently Amended) AH-The integrated circuit ft-Ot-as claimed in Claim 1, wherein 

each communication channel (150) of the plurality of communication channels comprises: 

a first subchannel (152) between an input port of a first associated network station 

and aA-Ei--an output port of a second associated network station; and 

a second subchannel (154) between an input port of the second associated network 

station and aA-Ei--an output port of the first associated network station for enabling duplex 

communication between the two associated network stations. 

3.(Currently Amended) AH-The integrated circuit ft-Ot-as claimed in Claim 2, wherein 

the M*N data storage elements (160) are distributed over the first subchannel (152) and the 

second subchannel (152; 154) of the first communication channel (150). 

4.(Currently Amended) AH-The integrated circuit as claimed in claim 3, wherein: 

the first network station is arranged to evaluate the routing information in a first cycle 

and the second network station is arranged to evaluate the routing information in a second 

cycle, the difference between the first eyt&cycle and the second cycle being A cycles; and 

the first subchannel (152) of the first communication channel (150) exhibits a delay 

of A cycles implemented by A data storage elements (160) and the second subchannel 

000268US1-amd-10-14-10 10 
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Serial No. 11 //912, 175 

Amendment in Reply to Office Action of July 22, 2010 

(154) exhibits a delay of B cycles implemented by B data storage elements (160), A and B 

being positive integers, with A+ B = M*N. 

5.(Currently Amended) AA-The integrated circuit as claimed in claim 4, wherein any 

network path from a further network station being arranged to evaluate the routing 

information in the second cycle to the first network station comprises C delay elements, C 

being a positive integer with C modulo N = A; and any network path to the further network 

station from the first network station comprises D delay elements; D being a positive integer 

with D modulo N = 8. 

6.(Currently Amended) AA-The integrated circuit f-1-0t-as claimed in Claim 1, wherein 

M = 1. 

?.(Currently Amended) AA-The integrated circuit f-1-0t-as claimed in Claim 3, wherein 

the first subchannel (152) and the second subchannel (154) of the first communication 

channel (150) each comprise a delay introduced by ½*M*N data storage elements f1-e0t. 

8.(Currently Amended) AA-The integrated circuit f-1-0t-as claimed in Claim 1, further 

comprising a clock signal generator, the plurality of network stations (110, 120, 130, 140) 

and the M*N data storage elements (160) being responsive to the clock signal generator. 

000268US1-amd-10-14-10 11 
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Serial No. 11//912,175 

Amendment in Reply to Office Action of July 22, 2010 

9.(Currently Amended) AA-The integrated circuit fU»-as claimed in claim 1, wherein 

each network station (110, 120, 130, 140) comprises a first memory element and a second 

memory element associated with a communication port of said network station, the first 

memory element being arranged to store routing information from a data package requiring 

a first service level associated with said communication port and the second memory 

element being arranged to store routing information from a data package requiring a 

second service level associated with said communication port. 

1 O.(Currently Amended) A method of designing an integrated circuit fU»-comprising 

a plurality of functional blocks (101, 102, 103, 104), and a data communication network 

comprising a plurality of network stations (105 108,110,120,130,140) being 

interconnected via a plurality of communication channels (150) for communicating data 

packages between the functional blocks (101, 102, 103, 104), each data package 

comprising N data elements including a data element comprising routing information for the 

network stations (105 108, 110, 120, 130, 140), N being an integer of at least two, the 

plurality of network stations comprising a plurality of data routers (110, 120, 130, 140) and 

a plurality of network interfaces (105 108), each of the data routers (110, 120, 130, 140) 

being coupled to a functional block (101, 102, 103, 104) via a network interface; the method 

comprising the acts of: 

000268US1-amd-10-14-10 12 



PATENT 
Serial No. 11//912,175 

Amendment in Reply to Office Action of July 22, 2010 

identifying a first communication channel (150) between a first network station f1-4Q} 

and a second network station (120) that has a data transfer delay exceeding a predefined 

delay threshold; and 

inserting M*N data storage elements (160) into the data communication network 

f-1-00t, M being a positive integer, for introducing a delay of M*N cycles on the first 

communication channel (150). 

11.(Currently Amended) A-The method as claimed in Claim 10, wherein each 

communication channel (150) comprises a first subchannel (152) between an input port of 

a first associated network station and aAti--an output port of a second associated network 

station and a second subchannel (154) between an input port of the second associated 

network station and aAti--an output port of the first associated network station for enabling 

duplex communication between the two associated network stations; and 

the first network station being arranged to evaluate the routing information in a first 

cycle and the second network station being arranged to evaluate the routing information in 

a second cycle, the difference between the first eyle-cycle and the second cycle being A 

cycles, the method further comprising the acts of: 

inserting A data storage elements into the first subchannel (152) of the first 

communication channel (150) for introducing a delay of A cycles onto said first subchannel; 

and 
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Amendment in Reply to Office Action of July 22, 2010 

inserting B data storage elements into the second subchannel (154) of the first 

communication channel (150) for introducing a delay of B cycles onto said second 

subchannel; A and B being positive integers, with A+ B = M*N. 

000268US 1-amd-10-14-10 14 
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Serial No. 11//912,175 

Amendment in Reply to Office Action of July 22, 2010 

REMARKS 

This Amendment is being filed in response to the Office Action mailed July 22, 2010, 

which has been reviewed and carefully considered. Reconsideration and allowance of the 

present application in view of the amendments made above and the remarks to follow are 

respectfully requested. 

Claims 1-11 are pending in the Application, where claims 1 and 10 are independent. 

Applicants thank the Examiner for acknowledging the receipt and consideration of 

the Information Disclosure Statement filed on December 20, 2007. Applicants further 

respectfully request the Examiner to acknowledge the claim for priority and receipt of 

certified copies of all the priority documents. 

By means of the present amendment, the current Abstract has been deleted and 

substituted with the enclosed New Abstract which better conforms to U.S. practice. 

Further, the specification has been amended to correct certain informalities. 

By means of the present amendment, claims 1-11 have been amended for non­

statutory reasons, such as for better form including correcting minor informalities, beginning 

the dependent claims with 'The' instead of 'A' and deleting reference numerals typically 

used in European practice that are known to not limit the scope of the claims. Such 

amendments to claims 1-11 were not made in order to address issues of patentability and 

Applicant respectfully reserves all rights under the Doctrine of Equivalents. 
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In the Office Action, the Examiner objected to the drawings because of lack of 

labels. In response, labels have been added to FIGs 1, 3 and 5. In response, labels have 

been added to FIGs 1, 3 and 5. Further, FIG 5 has been amended to change a duplicate 

reference numeral 1150811 at the right side of FIG 5 to --506--, in conformance with the 

specification, such as page 15, line 14 of the specification. Replacement sheets including 

FIGs 1, 3 and 5 are enclosed. Further, an annotated marked-up version of the sheet 

including FIG 5 is also enclosed for convenience. Applicants respectfully request approval 

of the enclosed proposed drawing changes and withdrawal of the drawing objection. 

In the Office Action, the Examiner indicated that claims 4-5, 7-9 and 11 would be 

allowable if rewritten in independent form. In addition, claims 1-3, 6 and 10 are rejected 

under 35 U.S.C. §103(a) over U.S. Patent No. 7,362,763 (Wybenga) in view of U.S. Patent 

No. 7,197,009 (Dispensa). Applicants gratefully acknowledge the indication that claims 4-

5, 7-9 and 11 contain allowable subject matter. However, Applicants have not rewritten 

these claims in independent form, since it is believed that independent claims 1 and 10, as 

well as claims 2-3 and 6, are allowable over Wybenga and Dispensa for at least the 

following reasons. 

Wybenga is directed to an apparatus and method for classifying traffic in a 

distributed architecture router. As correctly noted on page 4, last paragraph of the Office 

Action, Wybenga does not disclose or suggest "M*N data storage elements, M being a 

positive integer, for introducing a delay of M*N cycles on the first communication channel," 
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as recited in independent claim 1, and similarly recited in independent claim 10. Elements 

411, 412 of FIG 4 and column 4, lines 63 to column 6, line 10 of Dispensa is cited in an 

attempt to remedy the deficiencies in Wybenga. This allegation is respectfully traversed. 

In particular, column 4, lines 63 to column 6, line 10 of Dispensa specifically recite: 

(emphasis added) 

Consider the situation where a sequence of packets are received 
from link 410 and will be transferred over links 411 and 412 to a common 
destination. If the delay on link 411 is the same as the delay of link 412, 
then the packets on link 411 will arrive on time and in sequence with the 
packets on link 412. If the delay on link 411 is much greater than the delay 
of link 412, then the packets on link 411 will arrive late and out of 
sequence with the packets on link 412. As discussed above for FIG. 3, 
packet mis-sequencing causes problems. Empirical studies may be taken 
to determine a threshold amount of delay variation between links 411 and 
412 before mis-sequencing becomes unacceptable. The delay variation is 
the difference between the delay of link 411 and the delay of link 412. 
Delay can be measured in bits per second. 

It is respectfully submitted that the above noted section of Dispensa merely 

discusses delay differences between two links 411, 412. Such a disclosure does not 

disclose or suggest any storage elements, let alone disclosing or suggesting any "network 

comprising M*N data storage elements, M being a positive integer, for introducing a delay 

of M*N cycles on the first communication channel," as recited in independent claim 1, and 

similarly recited in independent claim 10. 

Based on the foregoing, it is respectfully requested that independent claims 1 and 10 

be allowed. In addition, it is respectfully submitted that claims 2-3 and 6 should also be 

allowed at least based on their dependence from independent claims 1 and 10, as well as 
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In addition, Applicants deny any statement, position or averment of the Examiner 

that is not specifically addressed by the foregoing argument and response. Any rejections 

and/or points of argument not addressed would appear to be moot in view of the presented 

remarks. However, Applicants reserve the right to submit further arguments in support of 

the above stated position, should that become necessary. No arguments are waived and 

none of the Examiner's statements are conceded. 

In view of the above, it is respectfully submitted that the present application is in 

condition for allowance, and a Notice of Allowance is earnestly solicited. 

Respectfully submitted, 

0~~ By ___________ _ 

Dicran Halajian, Reg. 39,703 
Attorney for Applicant(s) 
October 14, 201 0 

Enclosure: Replacement drawing sheets (3 sheets including FIGs 1, 3 and 5) 
Annotated drawing sheet (1 sheet including FIG 5) 

THORNE & HALAJIAN, LLP 
111 West Main Street 
Bay Shore, NY 11706 
Tel: (631) 665-5139 
Fax: (631) 665-5101 

Please direct all inquiries and correspondence to: 
Michael E. Belk, Reg. 33,357 
Philips Intellectual Property & Standards 
P.O. Box 3001 
Briarcliff Manor, NY 10510-8001 
(914) 333-9643 

000268US 1-amd-10-14-10 18 



Replacement Sheet 
Reply to Office Action of July 22, 2010 

F:"'e ·h'o ll'(l. \ 

(3,\,:, c..\c::... -----
101 

(o,,.c..+•oll'c.. \ 
'!> \ oc: I'-'----, 

103 

output 120 

input 14-0 

200 
I 
l 
h 

("o .... \-"-cv ,__ ___ _ 

110 

150---i 
i 

100 

FIG. 1 

dO dl 

h dO dl 

Serial No. 11/912,175 

10 
,I 

f"\-',.,_C..-\~olA."- \ 
8\01.-~ 

102 

F\.&v\C. 't,O\A.O. \ 
.---..... P-.\oc..~ 

104 

t t+l t+2 t+3 t+4 t+S t+6 t+7 t+B 

FIG. 2 



Replacement Sheet Serial No. 11/912,175 
Reply to Office Action of July 22, 2010 

101 

107 
\ "'"'e"~~c..-;t. ... 

output 120 

input 120 

input 140 

output 140 

'('""'-~V 
122 ___ .........., 

10 
✓ 

f"""""'-¾\·o\'\e..l 
g \~t,'4.-

(OUT~~-----~ 120 

h 

110 rn 

150---I 
j 
~ 
i 
i 154 , 

106 -S: ..,."\"e-r fa c. C2.. 

160 M.f!....,o-ty 

152 f",,..,,t.'ov-.o-\ 
,....,__.__.._...., 6\.:,c.~ 

100 

FIG. 3 

dO dl 

h d0 dl 

h dO dl 

h d0 dl 

t t+l t+2 t+3 t+4 t+5 t+6. t+7 t+8 

FIG. 4 



Replacement Sheet Serial No. 11/912,175 
Reply to Office Action of July 22, 2010 

t1 

elk------.,........------------~ 
t2 ~ ... ,e te../' 

160 520 . 
502 r--·-·· __ ..c.::: .. 1 503 sos 

clk_d 

i 

504 

509 508 
t3 

elk 

501 

503 

clk,_d 

504 

506 ::; 
508 

509 I 
I 1·: 
! 

FIG. 5 



Annotated Sheet Serial No. 11/912,175 
Reply to Office Action of July 22, 2010 

t1 

elk----...--------------~ 
t2 13"'-Ut✓ 

160 520 
502 r---.. __ .c.::: __ 

1 
503 505 

elk 

501--

509 508 

503---ir---:::...... ___ _ 

clk_d 

504-------' 

506 ----------' 

508-------------' 

i 

t3 

509 ----------------1, 
. I 

! 

FIG. 5 

504 
140 

clk_d 



Electronic Acknowledgement Receipt 

EFSID: 8636025 

Application Number: 11912175 

International Application Number: 

Confirmation Number: 5577 

Title of Invention: Integrated Circuit with Data Communication Network and le Design Method 

First Named Inventor/Applicant Name: John Dielissen 

Customer Number: 24737 

Filer: Michael E. Belk/Elissa Deluccy 

Filer Authorized By: Michael E. Belk 

Attorney Docket Number: 000268 us, 

Receipt Date: 15-0CT-2010 

Filing Date: 22-OCT-2007 

Time Stamp: 14:59:04 

Application Type: U.S. National Stage under 35 USC 371 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

1 
000268U S 1_Amd_201 O_ Oct_ 1 

5.pdf 

649280 

yes 22 
baS d ca84228081 c3bec1 4a891 fc7 5 fS 77b8d 

6537 



Multipart Description/PDF files in .zip description 

Document Description Start End 

Amendment/Req. Reconsideration-After Non-Final Reject 1 1 

Drawings-only black and white line drawings 2 2 

Abstract 3 4 

Specification 5 8 

Claims 9 14 

Applicant Arguments/Remarks Made in an Amendment 15 18 

Drawings-only black and white line drawings 19 22 

Warnings: 

Information: 

Total Files Size (in bytes) 649280 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 



PTO/SB/06 (07-06) 
Approved for use through 1/31/2007. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PTO-875 11/912, 175 10/22/2007 □ To be Mailed 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY 0 OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

0 BASIC FEE N/A N/A N/A N/A 
(37 CFR 1.16(a), (b), or (c)) 

□ SEARCH FEE 
(37 CFR 1.16(k), (i), or (m)) 

N/A N/A N/A N/A 

□ EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) 

N/A N/A N/A N/A 

TOTAL CLAIMS 
* X $ = OR X $ = (37 CFR 1.16(i)) minus 20 = 

INDEPENDENT CLAIMS 
* X $ = X $ = (37 CFR 1.16(h)) minus 3 = 

If the specification and drawings exceed 100 

□APPLICATION SIZE FEE 
sheets of paper, the application size fee due 
is $250 ($125 for small entity) for each 

(37 CFR 1.16(s)) 
additional 50 sheets or fraction thereof. See 
35 U.S.C. 41 (a)(1)(G) and 37 CFR 1.16(s). 

□ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16U)) 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 

APPLICATION AS AMENDED- PART II 
OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 

10/15/2010 REMAINING NUMBER PRESENT 
RATE($) 

ADDITIONAL 
RATE($) 

ADDITIONAL 
I- AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
z AMENDMENT PAID FOR w 

Total (37 CFR ~ 1.16(i)) • 11 Minus ** 20 = 0 X $ = OR X $52= 0 
0 Independent z * 2 Minus ***3 = 0 X $ = OR X $220= 0 w 137 CFR 1.16/h\\ 

~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL TOTAL 
ADD'L OR ADD'L 0 
FEE FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

AFTER PREVIOUSLY EXTRA FEE($) FEE($) 

I-
AMENDMENT PAID FOR 

z Total (37 CFR 
* Minus ** = X $ = OR X $ = w 1.16(i\\ 

~ Independent 
* Minus *** = X $ = OR X $ = 

0 (37 CFR 1.16(hll 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( OR 

TOTAL TOTAL 
ADD'L OR ADD'L 
FEE FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. Legal Instrument Examiner: 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /EVELYN G. NIMMONS/ 
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of information Is required by 37 CFR 1.16. The information Is required to obtain or retain a benefit by the public which Is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 



UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

11/912, 175 10/22/2007 John Dielissen 

24737 7590 01/12/2011 

PHILIPS INIBLLECTUAL PROPERTY & STANDARDS 
P.O. BOX 3001 
BRIARCLIFF MANOR, NY 10510 

UNITED STA TES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

000268 USl 5577 

EXAMINER 

SAM,PHIRIN 

ART UNIT PAPER NUMBER 

2476 

MAIL DATE DELIVERY MODE 

01/12/2011 PAPER 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

PTOL-90A (Rev. 04/07) 



Office Action Summary 

Application No. 

11/912,175 

Examiner 

PHIRIN SAM 

Applicant(s) 

DIELISSEN ET AL. 

Art Unit 

2476 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -­
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;J. MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )IZI Responsive to communication(s) filed on 15 October 2010. 

2a)O This action is FINAL. 2b)IZI This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 G.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)1Zl Claim(s) 1-11 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)[8J Claim(s) 1-3.6 and 8-10 is/are rejected. 

7)1Zl Claim(s) 4.5.7 and 11 is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

1 0)IZI The drawing(s) filed on 22 October 2007 is/are: a)IZI accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

12)1Zl Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)IZI All b)O Some * c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.IZ! Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment{s) 

1) [8J Notice of References Cited (PTO-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 

4) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 3) 0 Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 10152010 



Application/Control Number: 11/912,175 

Art Unit: 2476 

DETAILED ACTION 

Claim Rejections - 35 USC § 102 

Page 2 

1. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 

basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or 
on sale in this country, more than one year prior to the date of application for patent in the United States. 

2. Claims 1-3, 6, and 9 are rejected under 35 U.S.C. 102(b) as being anticipated by US 

2002/0087716 of Mustafa (hereinafter "Mustafa"). 

Regarding amended claims 1 and 6, Mustafa discloses an integrated circuit comprising: 

(a) a plurality of functional blocks (see Fig. 3a and 3b, elements 94-97, paragraph [0065], 

two source data-link devices 94 and 95 in FIG. 3Acommunicate with the data link device 98 

using a data link protocol with the presence of a sub-framing byte in their frame format); 

(b) a data communication network (see Fig. 3a and 3b, element 90, paragraph [0065]) 

comprising a plurality of network stations (see Fig. 3a and 3b, elements 98, 93 and 91, 99, 

paragraph [0065]) being interconnected via a plurality of communication channels (see Figs. 

3a and 3b, paragraph [0065]) for communicating data packages between the functional 

blocks (see Figs. 3a and 3b, paragraph [0065], two source data-link devices 94 and 95 

communicate with the data link device 98 using a data link protocol with the presence of a sub­

framing byte in their frame format. The device 98 can prioritize the traffic being received from 

the device 94 and device 95, and forward the traffic consisted of data link frames through two or 

more data-link switches in the network 90. Once the data link frames arrive at the destination 
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devices 96 and 97 the related information contained in the sub-framing byte will be processed 

and the sub-framing byte will be removed from the data link The detailed procedure is well 

explained in the following sections of the preferred embodiment. Before establishing any 

communication exchange all the end devices involved in the dialogue have to mutually agree 

upon a pre-defined set of rules required to interpret the bits in the sub-framing byte 115. This 

"communication understanding" can either be configured statically on each device or a 

proprietary link control protocol can dynamically exchange the required information to 

configure this understanding among the participating communication devices. It is not necessary 

for all the intermediate devices to understand the interpretation of the sub-framing byte(s). Only 

the participating devices need to know the interpretation. In this regard the intermediate devices 

93 and 91 are completely oblivious to the sub-framing byte presence in a passing data link frame 

and interpret the byte(s) as the part of user data. The data-link frame 115 with the reserved sub­

framing byte in it transparently passes through intermediate data-link switches 93 and 91), each 

data package comprising N data elements including a data element comprising routing 

information for the network stations, N being an integer of at least two (see Figs. 5 and 6a 

and 6b, paragraph [0072], typical data link frame 120 which needs to be segmented into multiple 

sub-frames (N data elements). For illustration purposes, the frame 120 is segmented at a byte 

boundaryYinto two sub-frames, sub-frame #1, 121, and sub-frame #2, 124. Using the following 

procedure, the frame 120 can be portioned into any number of sub-frames if desired. Each of the 

two sub-frames described herein carries a partition of original data of the frame 120. Therefore, 

sub-frame #1, 121 contains the initial dl data bytes of the frame 120 and the sub-frame #2, 124 
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carries the remaining portion of data (d2 bytes +original frame CRC (C field)). Each of the 

segmented sub-frames represents a complete data link frame that can be independently routed 

from the other sub-frames in a network. The original routing header (RH) and the protocol 

header (PH) are carried in the sub-frame #1, 121 whereas sub-frame #2, 124 only replicates the 

routing header necessary for routing the sub-frame through the network. The 7-bit sequence field 

of the framing byte contains the initial sequence number from the assigned sequence range of the 

frame service class. Since the sub-frame 121 is NOT the last sub-frame (remaining segment of 

the frame yet to come) the LS bit in the sub-framing byte is set to 0. Following the sub-framing 

byte 122 is the sub-frame 2-bytes CRC field 123 which is calculated over the entire sub-frame 

including the sub-framing byte value. The next sub-frame #2, 124 contains the remaining data 

bytes plus the original CRC bytes (C field). The 7-bit sequence part of the framing byte in the 

said sub-frame contains the next incremental sequence number of the service class. Since the 

sub-frame #2, 124 contains the last segment of the frame 120, the LS bit value is set to 1 in the 

sub-framing byte. The sub-frame CRC (C2) is calculated over the entire data portion of sub­

frame #2, 124 including the s2 and C bytes present in the said sub-frame. A closing flag (7E) 

follows the sub-frame CRC (C2' field)), the plurality of network stations comprising a 

plurality of data routers and a plurality of network interfaces (see Figs. 3a and 3b or 20a and 

20b, elements 98, 93, 91, 99 or 326 and 328, paragraph [0065]), each of the data router being 

coupled to a functional block via a network interface (see Figs. 3a and 3b or 20a and 20b, 

elements 93 and 91, 98 and 99 or 326 and 328, paragraph [0065], two source data-link devices 

94 and 95 in FIG. 3Acommunicate with the data link device 98 using a data link protocol with 
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the presence of a sub-framing byte in their frame format. The device 98 can prioritize the traffic 

being received from the device 94 and device 95, and forward the traffic consisted of data link 

frames through two or more data-link switches in the network 90), the data communication 

network comprising a first network station and a second network station interconnected 

through a first communication channel (see Figs. 3a and 3b, elements 98 and 93 are the first 

network station and elements 91 and 99 are the second network station. They both are coupling 

by the network link as shown in figures 3a and 3b ), the network comprising M*N data storage 

elements (see Figs. 11 and 12, elements 156 and 157, paragraph [0087], the transmission buffer 

156 injects the data bytes through a single link 157 to the Network 158. The Network 158 can be 

any type of data link network to carry the data link frame traffic. The end host 159 interfaced 

with the network 158 receives the transmitted frames. Since there is only one communication link 

between the transmission buffer 156 and end host 159 the sequence number of the transmitted 

sub-frames is always preserved. In this network architecture the system process 155 has access 

to multiple paths that can simultaneously deliver data traffic to the end host 164. The system 

processor 155 can deliver the data either through the transmission buffer 156 or transmission 

buffer 157. The transmission buffer 156 uses the link 158 and via Network 160 delivers the 

traffic to the end host 164. On the other hand, the transmission buffer forwards the data traffic to 

the destination host 164 through link 159 and via Network 161), M being a positive integer, for 

introducing a delay of M*N cycles on the first communication channel (see Figs. 11 and 12, 

paragraphs [0089], [0090], [0092], [0096], [0100], these buffers 156, 157, for buffering sub-

frames (N data elements), are provided for delaying the transmission on the link 157 (first 
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communication channel). The two data segments being carried in two sub-frames should be 

divided in such a proportion that the trailing bytes (sub-frame CRC and ending flag bytes) of 

each sub-frame travelling through different networks reach at the end host at the same time. The 

total delay that a sub-frame consumes to reach from the transmission buffer to the end host is 

mainly the sum of two factors, serialization delay (Sd) and network delay (Nd). Serialization 

delay is the amount of time that the line interface takes to put a sub-frame data on the link 

Whereas, the network delay represents the time that a sub-frame takes to travel through various 

switches and access paths to reach to the end host 164. In a typical real world network the 

access bandwidth of the transmission buffer 156 to link 158 can be quite different than the access 

bandwidth for the transmission buffer 157 to link 159. Similarly, the network delays experienced 

by transmitted data-link frames through Network 160 can be significantly different from the 

Network 161. In addition to different network delays, both networks are subjected to jitter which 

is unpredictable and varies with time and other network elements). 

Regarding amended claim 2, Mustafa discloses wherein each communication channel 

of the plurality of communication channels comprises a first sub-channel between an input port 

of a first associated network station and an output port of a second associated network station 

(see Fig. 13a, paragraphs [0089], [0090]); and a second sub-channel between an input port of the 

second associated network station and an output port of the first associated network station for 

enabling duplex communication between the two associated network stations (see Figs. 13a, 

paragraphs [0089], [0090]). 
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Regarding amended claim 3, Mustafa discloses wherein the M*N data storage elements 

are distributed over the first sub-channel and the second sub-channel of the first communication 

channel (see Figs. 11, 12, 13a, paragraphs [0088], [0089], [0090]). 

Regarding amended claim 9, Mustafa discloses wherein each network station 

comprises a first memory element and a second memory element associated with a 

communication port of said network station (see Figs. 11 and 12, elements 151-153), the first 

memory element being arranged to store routing information from a data package 

requiring a first service level associated with said communication port (see Figs. 11 and 12, 

element 151, paragraph [0086], the high level system architecture capable of transmitting multi-

priority services over a single communication link Illustrated is the frame processor 150 which 

delivers the data-link frames in their native format to the respective priority service class buffers 

151 to 153. For illustration purpose, the priority hierarchy is assigned in ascending order, i.e., 

Nl service being the highest priority and the Nz being the lowest service priority. The system 

process continuously polls the line interrupt status (Li) of each of the service priority classes. 

The high state of Li determines which service priority can transfer a single byte of data to the 

transmission buffer. The Li status of all the service priority classes is control by a System 

Transmission Policy Algorithm (STP A). The SPTA controls the Li status of all the service 

classes. The SPTA can update the line status, Li, if desired, of the service classes with a time 

resolution equivalent to the transmission time for a single byte on the communication link In 

other words, after transmitting a single byte of a frame of any priority service class the STP A 

can dictate and decide which byte, either belonging to the same priority class or any other 
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priority class needs to be transmitted next. By implementing this preferred technique the STP A 

can fully control and manage the transmission of any frame in any priority service class to a 

resolution equivalent to a single byte of data. The STP A can be used to update the line status, Li, 

of any service class with a time interval equivalent to the transmission time of one byte or 

multiple bytes. The frequent updates ofline status, Li, of the service classes by SPTAcan provide 

a better bandwidth resolution but may demand a high processing power) and the second 

memory element being arranged to store routing information from a data package 

requiring a second service level associated with said communication port (see Figs. 11 and 

12, element 152-153, paragraph [0086], the high level system architecture capable of 

transmitting multi-priority services over a single communication link. Illustrated is the frame 

processor 150 which delivers the data-link frames in their native format to the respective priority 

service class buffers 151 to 153. For illustration purpose, the priority hierarchy is assigned in 

ascending order, i.e., Nl service being the highest priority and the Nz being the lowest service 

priority. The system process continuously polls the line interrupt status (Li) of each of the service 

priority classes. The high state of Li determines which service priority can transfer a single byte 

of data to the transmission buffer. The Li status of all the service priority classes is control by a 

System Transmission Policy Algorithm (STP A). The SPTAcontrols the Li status of all the service 

classes. The SPTA can update the line status, Li, if desired, of the service classes with a time 

resolution equivalent to the transmission time for a single byte on the communication link. In 

other words, after transmitting a single byte of a frame of any priority service class the STP A 

can dictate and decide which byte, either belonging to the same priority class or any other 
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priority class needs to be transmitted next. By implementing this preferred technique the STP A 

can fully control and manage the transmission of any frame in any priority service class to a 

resolution equivalent to a single byte of data. The STP A can be used to update the line status, Li, 

of any service class with a time interval equivalent to the transmission time of one byte or 

multiple bytes. The frequent updates ofline status, Li, of the service classes by SPTAcan provide 

a better bandwidth resolution but may demand a high processing power). 

Claim Rejections - 35 USC § 103 

3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

4. This application currently names joint inventors. In considering patentability of the 

claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various 

claims was commonly owned at the time any inventions covered therein were made absent any 

evidence to the contrary. Applicant is advised of the obligation under 37 CPR 1.56 to point out 

the inventor and invention dates of each claim that was not commonly owned at the time a later 

invention was made in order for the examiner to consider the applicability of 35 U.S.C. 103(c) 

and potential 35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a). 
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5. Claim 8 is rejected under 35 U.S.C. 103(a) as being unpatentable over US 2002/0087716 

of Mustafa (hereinafter "Mastafa") in view of US 2004/0258099 of Scott et al. (hereinafter 

"Scott"). 

Regarding mended claim 8, Mustafa is silent to disclose the integrated circuit further 

comprising a clock signal generator, the plurality of network stations and the M*N data storage 

elements being responsive to the clock signal generator. However, Scott discloses a clock signal 

generator, the plurality of network stations and the M*N data storage elements being responsive 

to the clock signal generator (see Figs. 1 and 3, paragraphs [0041], [0085]). At the time of the 

invention, it would have been obvious to a person of ordinary skill in the art to combine a clock 

signal generator, the plurality of network stations and the M*N data storage elements being 

responsive to the clock signal generator teaching by Scott with Mustafa. The motivation for 

doing so would have been to provide an improved clock recovery mechanism which better 

synchronizes the service clock of a TDM transmitter to the service clock at the egress of a packet 

network read on paragraph [0007]. Therefore, it would have been obvious to combine Scott and 

Mustafa to obtain the invention as specified in the claim(s). 

6. Claim 10 is rejected under 35 U.S.C. 103(a) as being unpatentable over US 

2002/0087716 of Mustafa (hereinafter "Mastafa") in view of US 2004/0193 709 of Selvaggi et al. 

(hereinafter "Selvaggi"). 

Regarding amended claim 10, Mustafa discloses a method of designing an integrated 

circuit comprising 

(a) a plurality of functional blocks (see Fig. 3a and 3b, elements 94-97, paragraph [0065], 
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two source data-link devices 94 and 95 in FIG. 3Acommunicate with the data link device 98 

using a data link protocol with the presence of a sub-framing byte in their frame format), and a 

data communication network (see Fig. 3a and 3b, element 90, paragraph [0065]) comprising a 

plurality of network stations (see Fig. 3a and 3b, elements 98, 93 and 91, 99, paragraph [0065]) 

being interconnected via a plurality of communication channels (see Figs. 3a and 3b, 

paragraph [0065]) for communicating data packages between the functional blocks (see Figs. 

3a and 3b, paragraph [0065], two source data-link devices 94 and 95 communicate with the data 

link device 98 using a data link protocol with the presence of a sub-framing byte in their frame 

format. The device 98 can prioritize the traffic being received from the device 94 and device 95, 

and forward the traffic consisted of data link frames through two or more data-link switches in 

the network 90. Once the data link frames arrive at the destination devices 96 and 97 the related 

information contained in the sub-framing byte will be processed and the sub-framing byte will be 

removed from the data link The detailed procedure is well explained in the following sections of 

the preferred embodiment. Before establishing any communication exchange all the end devices 

involved in the dialogue have to mutually agree upon a pre-defined set of rules required to 

interpret the bits in the sub-framing byte 115. This "communication understanding" can either be 

configured statically on each device or a proprietary link control protocol can dynamically 

exchange the required information to configure this understanding among the participating 

communication devices. It is not necessary for all the intermediate devices to understand the 

interpretation of the sub-framing byte(s). Only the participating devices need to know the 

interpretation. In this regard the intermediate devices 93 and 91 are completely oblivious to the 
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sub-framing byte presence in a passing data link frame and interpret the byte(s) as the part of 

user data. The data-link frame 115 with the reserved sub-framing byte in it transparently passes 

through intermediate data-link switches 93 and 91), each data package comprising N data 

elements including a data element comprising routing information for the network stations, 

N being an integer of at least two (see Figs. 5 and 6a and 6b, paragraph [0072], typical data 

link frame 120 which needs to be segmented into multiple sub-frames (N data elements). For 

illustration purposes, the frame 120 is segmented at a byte boundary Yinto two sub-frames, sub­

frame #1, 121, and sub-frame #2, 124. Using the following procedure, the frame 120 can be 

portioned into any number of sub-frames if desired. Each of the two sub-frames described herein 

carries a partition of original data of the frame 120. Therefore, sub-frame #1, 121 contains the 

initial dl data bytes of the frame 120 and the sub-frame #2, 124 carries the remaining portion of 

data (d2 bytes +original frame CRC (C field)). Each of the segmented sub-frames represents a 

complete data link frame that can be independently routed from the other sub-frames in a 

network. The original routing header (RH) and the protocol header (PH) are carried in the sub­

frame #1, 121 whereas sub-frame #2, 124 only replicates the routing header necessary for 

routing the sub-frame through the network. The 7-bit sequence field of the framing byte contains 

the initial sequence number from the assigned sequence range of the frame service class. Since 

the sub-frame 121 is NOT the last sub-frame (remaining segment of the frame yet to come) the 

LS bit in the sub-framing byte is set to 0. Following the sub-framing byte 122 is the sub-frame 2-

bytes CRC field 123 which is calculated over the entire sub-frame including the sub-framing byte 

value. The next sub-frame #2, 124 contains the remaining data bytes plus the original CRC bytes 



Application/Control Number: 11/912,175 

Art Unit: 2476 

Page 13 

(C field). The 7-bit sequence part of the framing byte in the said sub-frame contains the next 

incremental sequence number of the service class. Since the sub-frame #2, 124 contains the last 

segment of the frame 120, the LS bit value is set to 1 in the sub-framing byte. The sub-frame CRC 

(C2) is calculated over the entire data portion of sub-frame #2, 124 including the s2 and C bytes 

present in the said sub-frame. A closing flag (7E) follows the sub-frame CRC (C2' field)), the 

plurality of network stations comprising a plurality of data routers and a plurality of 

network interfaces (see Figs. 3a and 3b or 20a and 20b, elements 98, 93, 91, 99 or 326 and 328, 

paragraph [0065]), each of the data router being coupled to a functional block via a network 

interface (see Figs. 3a and 3b or 20a and 20b, elements 93 and 91, 98 and 99 or 326 and 328, 

paragraph [0065], two source data-link devices 94 and 95 in FIG. 3Acommunicate with the data 

link device 98 using a data link protocol with the presence of a sub-framing byte in their frame 

format. The device 98 can prioritize the traffic being received from the device 94 and device 95, 

and forward the traffic consisted of data link frames through two or more data-link switches in 

the network 90), the method comprising the acts of: 

(b) identifying a first communication channel between a first network station and a 

second network station (see Figs. 3a and 3b, elements 98 and 93 are the first network station 

and elements 91 and 99 are the second network station. They both are coupling by the network 

link as shown in figures 3a and 3b ); and 

(c) inserting M*N data storage elements into the data communication network (see 

Figs. 11 and 12, elements 156 and 157, paragraph [0087], the transmission buffer 156 injects the 

data bytes through a single link 157 to the Network 158. The Network 158 can be any type of 
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data link network to carry the data link frame traffic. The end host 159 interfaced with the 

network 158 receives the transmitted frames. Since there is only one communication link between 

the transmission buffer 156 and end host 159 the sequence number of the transmitted sub-frames 

is always preserved. In this network architecture the system process 155 has access to multiple 

paths that can simultaneously deliver data traffic to the end host 164. The system processor 155 

can deliver the data either through the transmission buffer 156 or transmission buffer 157. The 

transmission buffer 156 uses the link 158 and via Network 160 delivers the traffic to the end host 

164. On the other hand, the transmission buffer forwards the data traffic to the destination host 

164 through link 159 and via Network 161), M being a positive integer, for introducing a 

delay of M*N cycles on the first communication channel (see Figs. 11 and 12, paragraphs 

[0089], [0090], [0092], [0096], [0100], these buffers 156, 157, for buffering sub-frames (N data 

elements), are provided for delaying the transmission on the link 157 (first communication 

channel). The two data segments being carried in two sub-frames should be divided in such a 

proportion that the trailing bytes (sub-frame CRC and ending flag bytes) of each sub-frame 

travelling through different networks reach at the end host at the same time. The total delay that 

a sub-frame consumes to reach from the transmission buffer to the end host is mainly the sum of 

two factors, serializ.ation delay (Sd) and network delay (Nd). Serializ.ation delay is the amount of 

time that the line interface takes to put a sub-frame data on the link Whereas, the network delay 

represents the time that a sub-frame takes to travel through various switches and access paths to 

reach to the end host 164. In a typical real world network the access bandwidth of the 

transmission buffer 156 to link 158 can be quite different than the access bandwidth for the 
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transmission buffer 157 to link 159. Similarly, the network delays experienced by transmitted 

data-link frames through Network 160 can be significantly different from the Network 161. In 

addition to different network delays, both networks are subjected to jitter which is unpredictable 

and varies with time and other network elements); 

Mustafa is silent to disclose a data transfer delay exceeding a predefined delay threshold. 

However, Selvaggi discloses a data transfer delay exceeding a predefined delay threshold (see 

Fig. 2, paragraph [0069]). At the time of the invention, it would have been obvious to a person of 

ordinary skill in the art to combine a data transfer delay exceeding a predefined delay threshold 

teaching by Selvaggi with Mustafa. The motivation for doing so would have been to provide for 

evaluating network performance read on paragraph [0009]. Therefore, it would have been 

obvious to combine Selvaggi and Mustafa to obtain the invention as specified in the claim(s). 

Allowable Subject Matter 

7. Claims 4, 5, 7, and 11 are objected to as being dependent upon a rejected base claim, but 

would be allowable if rewritten in independent form including all of the limitations of the base 

claim and any intervening claims. 

Response to Arguments 

8. Applicant's arguments with respect to claims above have been considered but are moot in 

view of the new ground(s) of rejection. 
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9. Any inquiry concerning this communication or earlier communications from the 
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examiner should be directed to PHIRIN SAM whose telephone number is (571)272-3082. The 

examiner can normally be reached on Increased Flexitime Policy (IFP) Program. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Ayaz R. Sheikh can be reached on (571) 272 - 3795. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

Date: January 9, 2011 

Respectfully submitted, 

By: /Phirin Sam/ 
Phirin Sam 
Primary Examiner 
Art Unit 2476 
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PATENT 
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Reply to Office Action of January 12, 2011 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of 
John DIELISSEN; et al. 

Serial No. 11/912,175 

Filed: October 22, 2007 

Atty. Docket: 000268US1 

Confirmation No. 5577 

Group Art Unit: 2476 

Examiner: SAM, Phirin 

Title: INTEGRATED CIRCUIT WITH DATA COMMUNICATION NETWORK AND IC 
DESIGN METHOD 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

AMENDMENT 

In response to the Office Action mailed on January 12, 2011, please amend the 

above-identified application and consider the remarks as follows: 
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This listing of claims will replace all prior versions, and listings, of claims in the 

application: 

Listing of Claims: 

1.(Currently Amended) An integrated circuit comprising: 

a plurality of functional blocks; and 

a data communication network comprising a plurality of network stations being 

interconnected via a plurality of communication channels for communicating data packages 

between the functional blocks, each data package comprising N data elements including a 

data element comprising routing information for the network stations, N being an integer of 

at least two, the plurality of network stations comprising a plurality of data routers and a 

plurality of network interfaces, each of the data routers being coupled to a functional block 

via a network interface, the data communication network comprising a first network station 

and a second network station interconnected through a first communication channel , the 

data communication network further comprising M*N data storage elements, M being a 

positive integer, fef-the data communication introducing a delay of M*N cycles on the first 

communication channel when the data communication network identifies the first 
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communication channel as having a data transfer delay exceeding a predefined delay 

threshold. 

2.(Previously Presented) The integrated circuit as claimed in Claim 1, wherein each 

communication channel of the plurality of communication channels comprises: 

a first subchannel between an input port of a first associated network station and an 

output port of a second associated network station; and 

a second subchannel between an input port of the second associated network 

station and an output port of the first associated network station for enabling duplex 

communication between the two associated network stations. 

3.(Previously Presented) The integrated circuit as claimed in Claim 2, wherein the 

M*N data storage elements are distributed over the first subchannel and the second 

subchannel of the first communication channel. 

4.(Currently Amended) The integrated circuit as claimed in claim 3, wherein: An 

integrated circuit comprising: 

a plurality of functional blocks; and 

a data communication network comprising a plurality of network stations being 

interconnected via a plurality of communication channels for communicating data packages 
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between the functional blocks, each data package comprising N data elements including a 

data element comprising routing information for the network stations, N being an integer of 

at least two, the plurality of network stations comprising a plurality of data routers and a 

plurality of network interfaces, each of the data routers being coupled to a functional block 

via a network interface, the data communication network comprising a first network station 

and a second network station interconnected through a first communication channel , the 

data communication network further comprising M*N data storage elements, M being a 

positive integer, for introducing a delay of M*N cycles on the first communication channel, 

wherein each communication channel of the plurality of communication channels 

comprises: 

a first subchannel between an input port of a first associated network station and an 

output port of a second associated network station; and 

a second subchannel between an input port of the second associated network 

station and an output port of the first associated network station, and 

wherein the first network station is arranged to evaluate the routing information in a 

first cycle and the second network station is arranged to evaluate the routing information in 

a second cycle, the difference between the first cycle and the second cycle being A cycles; 

and 

the first subchannel of the first communication channel exhibits a delay of A cycles 

implemented by A data storage elements and the second subchannel exhibits a delay of B 
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cycles implemented by B data storage elements, A and B being positive integers, with A + 

B = M*N. 

5.(Previously Presented) The integrated circuit as claimed in claim 4, wherein any 

network path from a further network station being arranged to evaluate the routing 

information in the second cycle to the first network station comprises C delay elements, C 

being a positive integer with C modulo N = A; and any network path to the further network 

station from the first network station comprises D delay elements; D being a positive integer 

with D modulo N = B. 

6.(Previously Presented) The integrated circuit as claimed in Claim 1, wherein M = 

1. 

?.(Currently Amended) The integrated circuit as claimed in Claim 3, An integrated 

circuit comprising: 

a plurality of functional blocks; and 

a data communication network comprising a plurality of network stations being 

interconnected via a plurality of communication channels for communicating data packages 

between the functional blocks, each data package comprising N data elements including a 

data element comprising routing information for the network stations, N being an integer of 
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at least two, the plurality of network stations comprising a plurality of data routers and a 

plurality of network interfaces, each of the data routers being coupled to a functional block 

via a network interface, the data communication network comprising a first network station 

and a second network station interconnected through a first communication channel , the 

data communication network further comprising M*N data storage elements, M being a 

positive integer, for introducing a delay of M*N cycles on the first communication channel, 

wherein each communication channel of the plurality of communication channels 

comprises: 

a first subchannel between an input port of a first associated network station and an 

output port of a second associated network station; and 

a second subchannel between an input port of the second associated network 

station and an output port of the first associated network station, and 

wherein the first subchannel and the second subchannel of the first communication 

channel each comprise a delay introduced by ½*M*N data storage elements . 

8.(Previously Presented) The integrated circuit as claimed in Claim 1, further 

comprising a clock signal generator, the plurality of network stations and the M*N data 

storage elements being responsive to the clock signal generator. 

9.(Previously Presented d) The integrated circuit as claimed in claim 1, wherein 
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each network station comprises a first memory element and a second memory element 

associated with a communication port of said network station, the first memory element 

being arranged to store routing information from a data package requiring a first service 

level associated with said communication port and the second memory element being 

arranged to store routing information from a data package requiring a second service level 

associated with said communication port. 

1 O.(Currently Amended) A method of designing an integrated circuit comprising a 

plurality of functional blocks, and a data communication network comprising a plurality of 

network stations being interconnected via a plurality of communication channels for 

communicating data packages between the functional blocks, each data package 

comprising N data elements including a data element comprising routing information for the 

network stations, N being an integer of at least two, the plurality of network stations 

comprising a plurality of data routers and a plurality of network interfaces, each of the data 

routers being coupled to a functional block via a network interface; the method comprising 

the acts of: 

identifying a first communication channel between a first network station and a 

second network station that has a data transfer delay exceeding a predefined delay 

threshold; and 

in response to the identifying act, inserting M*N data storage elements into the data 
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communication network, M being a positive integer, for introducing a delay of M*N cycles 

on the first communication channel. 

11.(Currently Amended) The method as claimed in Claim 10 A method of designing 

an integrated circuit comprising a plurality of functional blocks, and a data communication 

network comprising a plurality of network stations being interconnected via a plurality of 

communication channels for communicating data packages between the functional blocks, 

each data package comprising N data elements including a data element comprising 

routing information for the network stations. N being an integer of at least two, the plurality 

of network stations comprising a plurality of data routers and a plurality of network 

interfaces, each of the data routers being coupled to a functional block via a network 

interface; the method comprising the acts of: 

identifying a first communication channel between a first network station and a 

second network station that has a data transfer delay exceeding a predefined delay 

threshold; and 

inserting M*N data storage elements into the data communication network. M being 

a positive integer. for introducing a delay of M*N cycles on the first communication channel, 

wherein each communication channel comprises a first subchannel between an 

input port of a first associated network station and an output port of a second associated 

network station and a second subchannel between an input port of the second associated 

000268US 1-amd-03-23-11 8 



PATENT 
Serial No. 11//912, 175 

Reply to Office Action of January 12, 2011 

network station and an output port of the first associated network station for enabling 

duplex communication between the two associated network stations; and 

the first network station being arranged to evaluate the routing information in a first 

cycle and the second network station being arranged to evaluate the routing information in 

a second cycle, the difference between the first cycle and the second cycle being A cycles, 

the method further comprising the acts of: 

inserting A data storage elements into the first subchannel of the first 

communication channel for introducing a delay of A cycles onto said first subchannel; and 

inserting 8 data storage elements into the second subchannel of the first 

communication channel for introducing a delay of B cycles onto said second subchannel; A 

and 8 being positive integers, with A+ 8 = M*N. 

12.(New) The integrated circuit of claim 4, wherein the M*N data storage elements 

are distributed over the first subchannel and the second subchannel of the first 

communication channel. 
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This Amendment is being filed in response to the Office Action mailed January 12, 

2011, which has been reviewed and carefully considered. Reconsideration and allowance 

of the present application in view of the amendments made above and the remarks to 

follow are respectfully requested. 

Claims 1-12 are pending in the Application, where claims 1, 4, 7, 10 and 11 are 

independent. 

In the Office Action, the Examiner indicated that claims 4, 5, 7 and 11 would be 

allowable if rewritten in independent form. Applicants gratefully acknowledge the indication 

that claims 4, 5, 7 and 11 contain allowable subject matter. By means of the present 

amendment, claims 4, 7 and 11 have been rewritten in independent form without including 

certain features that are believed to be not necessary for patentability. Accordingly, it is 

respectfully requested that independent claims 4, 7 and 11 be allowed. In addition, it is 

respectfully requested that claim 5 also be allowed at least based on its dependence from 

independent claim 4 as well as its individually patentable elements. 

In the Office Action, claims 1-3, 6 and 9 are rejected under 35 U.S.C. §102(b) over 

U.S. Patent Application Publication No. 2002/0087716 (Mustafa). Further, claim 8 is 

rejected under 35 U.S.C. §103(a) over Mustafa in view of U.S. Patent Application 

Publication No. 2004/0258099 (Scott). Claim 10 is rejected under 35 U.S.C. §103(a) over 
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Mustafa in view of U.S. Patent Application Publication No. 2004/0193709 (Selvaggi). 

These rejections are respectfully traversed. It is respectfully submitted that claims 1-3, 6 

and 8-10 are allowable over Mustafa, Scott and Selvaggi for at least the following reasons. 

Mustafa is directed to a system and method to simultaneously support a customized 

multi-priority services. As shown in FIGs 11-12, transmission buffers 156, 157 are provided 

for storing active frame data. Transmission buffers 156, 157 are always provided between 

a system processor 156 and networks 1, 2, also referred to by reference numeral 160, 161 

if FIG 12. As correctly noted on page 15, first full paragraph, Mustafa does not disclose or 

suggest any "data transfer delay exceeding a predefined delay threshold." Selvaggi is cited 

in an attempt to remedy the deficiencies in Mustafa. 

Selvaggi is directed to methods, systems and computer program products for 

evaluating network performance. Paragraph [0069], lines 1-5 of Selvaggi (referred to on 

page 15 of the Office Action) recites: (emphasis added) 

Ones of the plurality of rules set out below may be dependent on 
satisfying certain performance and/or configuration criteria. Performance 
criteria as used herein refers to data that may indicate network 
performance. for example, delays exceeding a predetermined threshold. 

It is respectfully submitted that Mustafa, Selvaggi, and combination thereof, do not 

disclose or suggest the present invention as recited in independent claim 1, and similarly 

recited in independent claim 10 which, amongst other patentable elements, recites 

(illustrative emphasis provided): 

the data communication introducing a delay of M*N cycles on the 

000268US 1-amd-03-23-11 11 



PATENT 
Serial No. 11//912,175 

Reply to Office Action of January 12, 2011 

first communication channel when the data communication network 
identifies the first communication channel as having a data transfer delay 
exceeding a predefined delay threshold. 

It is respectfully submitted that Mustafa and Selvaggi, alone or in combination, do 

not disclose or suggest introducing any delay, let alone introducing the particular delay of 

M*N cycles on the first communication channel, when the data communication network 

identifies the first communication channel as having a data transfer delay exceeding a 

predefined delay threshold, as recited in independent claim 1; or in response to 

identifying that the first communication channel has a data transfer delay exceeding a 

predefined delay threshold,, inserting M*N data storage elements into the data 

communication network for introducing a delay of M*N cycles on the first communication 

channel, as recited in independent claim 10. Scott is cited to allegedly show other features 

and does not remedy the deficiencies in Mustafa and Selvaggi 

Based on the foregoing, it is respectfully requested that independent claims 1 and 10 

be allowed. In addition, it is respectfully submitted that claims 2-3, 6 and 8-9 should also 

be allowed at least based on their dependence from independent claim 1, as well as their 

individually patentable elements. 

In addition, Applicants deny any statement, position or averment of the Examiner 

that is not specifically addressed by the foregoing argument and response. Any rejections 

and/or points of argument not addressed would appear to be moot in view of the presented 

remarks. However, Applicants reserve the right to submit further arguments in support of 
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the above stated position, should that become necessary. No arguments are waived and 

none of the Examiner's statements are conceded. 

In view of the above, it is respectfully submitted that the present application is in 

condition for allowance, and a Notice of Allowance is earnestly solicited. 

THORNE & HALAJIAN, LLP 
111 West Main Street 
Bay Shore, NY 11706 
Tel: (631) 665-5139 
Fax: (631) 665-5101 

Respectfully submitted, 

-D--~ By __________ _ 

Dicran Halajian, Reg. 39,703 
Attorney for Applicant(s) 
March 23, 2011 

Please direct all inquiries and correspondence to: 
Michael E. Belk, Reg. 33,357 
Philips Intellectual Property & Standards 
P.O. Box 3001 
Briarcliff Manor, NY 10510-8001 
(914) 333-9643 
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DETAILED ACTION 

Allowable Subject Matter 

1. The following is an examiner's statement ofreasons for allowance: 
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Regarding amended claim 1 and claims 2, 3, 6, 8, 9, the prior arts of record do not 

disclose a data communication network comprising a plurality of network stations being 

interconnected via a plurality of communication channels for communicating data packages 

between the functional blocks, each data package comprising N data elements including a data 

element comprising routing information for the network stations, N being an integer of at least 

two, the plurality of network stations comprising a plurality of data routers and a plurality of 

network interfaces, each of the data routers being coupled to a functional block via a network 

interface, the data communication network comprising a first network station and a second 

network station interconnected through a first communication channel, the data communication 

network further comprising M*N data storage elements, M being a positive integer, the data 

communication introducing a delay of M*N cycles on the first communication channel when the 

data communication network identifies the first communication channel as having a data transfer 

delay exceeding a predefined delay threshold. 

Regarding amended claim 4 and claims 5, 12, the prior arts of record do not disclose a 

data communication network comprising a plurality of network stations being interconnected via 

a plurality of communication channels for communicating data packages between the functional 

blocks, each data package comprising N data elements including a data element comprising 

routing information for the network stations, N being an integer of at least two, the plurality of 

network stations comprising a plurality of data routers and a plurality of network interfaces, each 

of the data routers being coupled to a functional block via a network interface, the data 
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interconnected through a first communication channel, the data communication network further 

comprising M*N data storage elements, M being a positive integer, for introducing a delay of 

M*N cycles on the first communication channel, wherein each communication channel of the 

plurality of communication channels comprises a first subchannel between an input port of a first 

associated network station and an output port of a second associated network station; and a 

second subchannel between an input port of the second associated network station and an output 

port of the first associated network station, and wherein the first network station is arranged to 

evaluate the routing information in a first cycle and the second network station is arranged to 

evaluate the routing information in a second cycle, the difference between the first cycle and the 

second cycle being A cycles; and the first subchannel of the first communication channel 

exhibits a delay of A cycles implemented by A data storage elements and the second subchannel 

exhibits a delay of B cycles implemented by B data storage elements, A and B being positive 

integers, with A+ B = M*N. 

Regarding amended claim 7, the prior arts of record do not disclose a data 

communication network comprising a plurality of network stations being interconnected via a 

plurality of communication channels for communicating data packages between the functional 

blocks, each data package comprising N data elements including a data element comprising 

routing information for the network stations, N being an integer of at least two, the plurality of 

network stations comprising a plurality of data routers and a plurality of network interfaces, each 

of the data routers being coupled to a functional block via a network interface, the data 

communication network comprising a first network station and a second network station 

interconnected through a first communication channel, the data communication network further 
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comprising M*N data storage elements, M being a positive integer, for introducing a delay of 

M*N cycles on the first communication channel, wherein each communication channel of the 

plurality of communication channels comprises a first subchannel between an input port of a first 

associated network station and an output port of a second associated network station; and a 

second subchannel between an input port of the second associated network station and an output 

port of the first associated network station, and wherein the first subchannel and the second 

subchannel of the first communication channel each comprise a delay introduced by V2*M*N 

data storage elements. 

Regarding amended claim 10, the prior arts of record do not disclose data 

communication network comprising a plurality of network stations being interconnected via a 

plurality of communication channels for communicating data packages between the functional 

blocks, each data package comprising N data elements including a data element comprising 

routing information for the network stations, N being an integer of at least two, the plurality of 

network stations comprising a plurality of data routers and a plurality of network interfaces, each 

of the data routers being coupled to a functional block via a network interface; the method 

comprising the acts of identifying a first communication channel between a first network station 

and a second network station that has a data transfer delay exceeding a predefined delay 

threshold; and in response to the identifying act, inserting M*N data storage elements into the 

data communication network, M being a positive integer, for introducing a delay of M*N cycles 

on the first communication channel. 

Regarding amended claim 11, the prior arts of record do not disclose identifying a first 

communication channel between a first network station and a second network station that has a 

data transfer delay exceeding a predefined delay threshold; and inserting M*N data storage 
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elements into the data communication network, M being a positive integer, for introducing a 

delay of M*N cycles on the first communication channel, wherein each communication channel 

comprises a first subchannel between an input port of a first associated network station and an 

output port of a second associated network station and a second subchannel between an input 

port of the second associated network station and an output port of the first associated network 

station for enabling duplex communication between the two associated network stations; and 

the first network station being arranged to evaluate the routing information in a first cycle and 

the second network station being arranged to evaluate the routing information in a second cycle, 

the difference between the first cycle and the second cycle being A cycles, the method further 

comprising the acts of: inserting A data storage elements into the first subchannel of the first 

communication channel for introducing a delay of A cycles onto said first subchannel; and 

inserting B data storage elements into the second subchannel of the first communication channel 

for introducing a delay of B cycles onto said second subchannel; A and B being positive integers, 

with A + B = M*N. 

Conclusion 

2. Any comments considered necessary by applicant must be submitted no later than the 

payment of the issue fee and, to avoid processing delays, should preferably accompany the issue 

fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for 

Allowance." 

3. The prior art made of record and not relied upon is considered pertinent to applicant's 

disclosure. 

(1) US 2004/0193709 of Selvaggi et al. discloses evaluating network performance using 

diagnostic rules. 
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(2) US Patent 6,466,548 to Fitzgerald discloses hop by hop quality of service measurement 

system. 

(3) US 2004/0252701 of Anandakumar et al. discloses systems, process and integrated circuits 

for rate and/or diversity adaptation for packet communications. 

4. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to PHIRIN SAM whose telephone number is (571)272-3082. The 

examiner can normally be reached on Flexible Work Schedule. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Ayaz R. Sheikh can be reached on (571) 272-3795. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

Date: July 31, 2011 

Respectfully submitted, 

By: /Phirin Sam/ 
Phirin Sam 
Primary Examiner 
Art Unit 2476 
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Amendment in Reply to Office Action of July 22, 2010 

element G2-d1 and T = t+3, i.e., after the data router 140 has received the complete data 

package, the data router 140 sends the first data element of the data package to the data 

router 440--120 via the second subchannel 154. Due to the presence of two data storage 

elements 160 on the second subchannel 154, the first data element h is received by the 

data router 120 at T = t+6, i.e. during a cycle at which the data router 120 is scheduled to 

evaluate the routing information, with the other two data elements d1 and d2 d0 and d1 

respectively arriving at the subsequent cycles t+ 7 and t+8. It will be recognized that the 

data storage elements 160 in the subchannels 152 and 154 operate as phase shifters to 

ensure that routing information is evaluated at the right time in each data router phase 

domain. The application of phase shifting techniques has the advantage that the delay 

introduced on the individual subchannels 152, 154 can be less than a full data package, 

thus improving the performance of the slow communication channel 150 compared to the 

solution presented in Fig. 1. 

2'} 

Replace the paragraph spanning pages 14-15, between page 14, line~. and page 
Change(s) applied 

to document~ 5, line 16 of the specification with the following: 

/S.M/ 
'}/2/2011 

A communication of a data package from data router 120 to FIFO buffer 520 is 

initiated by a handshake validation signal 501 followed by synchronous data 

communication 502 of the data elements of a data package having size N; this 

communication is governed by data router 120, which is responsive to clock signal CLK. 

000268US 1-amd-10-14-1 0 7 
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