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(57) Abrége/Abstract:

The Invention relates to a method for processing consistent data sets by asynchronous application of a subscriber In an
Isochronous, cyclical communication system. According to the invention, by connecting a communication memory (/) and a
consistency (10), transmission (12) and reception buffer (11), copying processes leading to delay can be kept to a minimum.
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ABSTRACT

The invention relates to a method for processing consistent data sets by asynchronous application of a subscriber in
an isochronous, cyclical communication system. According to the invention, by connecting a communication

memory (7) and a consistency (10), transmission (12) and reception buffer (11), copying processes leading to delay
can be kept to a minimum.
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Description

Method for processing consistent data sets

The invention relates to a method for processing consistent data
sets by an asynchronous application of a subscriber 1n an
1sochronous, cyclical communications system.

=

Data networks are formed from a number of network nodes and allow

communication between a number of subscribers. Communication here
means the transmission of data between the subscribers. The data to
be transmitted in this case 1s sent as data telegrams, which means
that the data 1s packed 1nto one or more packets and sent 1n this
form over the data network to the appropriate recipient. The term
data packet 1s thus used. The term transmission of data 1s used 1n
this document fully synonymously with the above-mentioned

transmission of data telegrams or data packets.

For networking i1n switchable high-performance data networks for
example, especilally Ethernet, the subscribers are interlinked via
coupling nodes. Each coupling node can be connected to more than two
subscribers and can also be a subscriber itself. Subscribers are for
example computers, Programmable Logic Controllers (PLC) or other

machines which exchange electronic data with other machines and

especilally process 1it.

In distributed automation systems, for example in the area of drive
technology, specific data must arrive at specific times at the
intended subscribers and must be processed by the recipients. This
1s referred to as realtime-critical data or realtime-critical data
traffic since 1f the data does not arrive at its 1ntended

destlination at the right time this can produce undesired results at

the subscriber.

Similarly the use of an isochronous, cyclical communication system

1s known from the prior art. This 1s taken to mean a system



10

15

20

25

30

35

WO 03/028321 CA 02461500 2004-03-24 PCT/DE02/03521

2

consisting of at least two subscribers that are linked via a data
network for the purposes of mutual exchange of data or mutual
transmission of data. In this case data is exchanged cyclically 1n
equidistant communication cycles which are specified by the
communication clock used by the system. Subscribers, such as central
automation devices, Programmable Logic Controllers, controls,
checking units, computers, machines that exchange electronic data
with other machines, drives, actors or sensors, execute specific
applications. In this document control units are taken to mean
closed-loop controllers or control units of all types. Typilcal

examples of communication systems used for data transmission are bus

systems such as Field Bus, Profibus, Ethernet, Industrial Ethernet,
FireWire or also PC-internal bus systems (PCI), etc. In such systems
data telegrams are fed into the data network at fixed points for

transmission by a subscriber.

For synchronous applications the processing of the data 1is
synchronized with the communication cycle. By contrast the
processing of data in asynchronous applications is not synchronlzed
with the communication cycle. This reading and writing of data by an
asynchronous application can occur at any point in time. This
produces special requirements for inclusion of an asynchronous
application into an isochronous, cyclical communication system.
Basically consistent data is to be sent and read by a subscriber.
Consistent data is data which relates to the same time 1interval.
Subscribers with asynchronous applications known from the prior art
have the consistency buffer and a communication memory. If the
application is to process data from a specific address range 1n the

communication memory, this data is first copied into the consistency

buffer.

Only then does the application access the data 1n the consistency
buffer to read it. All addresses in the communication memory can
thus be overridden while the application works with the consistent

data 1n the consistency buffer.
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The application first writes data into the consistency buffer while

consistent data can be sent at the same time from the communication

memory to further subscribers. After write access by the application

and the sending of data has ended the data written in this way 1s
copied from a consistency buffer to the communications memory. The
consistent data is stored here for onwards transmission. The copyilng

processes lead to delays 1n such cases.

Figure 1 illustrates a system from the prior art for processing
consistent data blocks during read access. The communications memory

1 has a receive zone 2 and a transmit zone 3. The receive zone 2 1S

linked to the receive buffer 4 and the consistency buffer 5. The
transmit zone 3 is linked to the consistency buffer 5 and the

transmit buffer 6. Data set DS A from address range AB A to which

the application has access for reading is located in the consistency

buffer.

Figure 2 illustrates the sequence of read access by the application
in the system shown in Figure 1 Before read access the data set DS A
is copied from the receive zone 2 of the communication memory 1 to
the consistency buffer 5. Data set A is data which can be or could
be accessed by the application during a read access. Data set DS A

is to be consistent during a read access and originates from the

address range AB A in the receive zone 2 of communication memory 1.

Because the data of the consistency block requested by the
application is saved in the consistency buffer, newly received data
of receive buffer 4 which lies in the address range of the
consistency block can subsequently be stored in the recelve zone 2

of communication memory 1. Read access by the application to the

data set DS A in the consistency buffer 5 takes place i1independently
of this storage process. During the read access files can be copied

from the receive buffer 4 into the receive zone 2 of communication

memory 1.

Figure 3 shows the system from Figure 1 during a write access by the
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application.

Figure 4 illustrates the sequence of a write access by the

application. While the application is writing data set DS B into the
consistency buffer 5 data is forwarded from the transmit zone 3 of
the communication memory 1 to the transmit buffer 6. Data set DS B
is to be copied into a specific address range AB B of the transmit
zone 5 of the communication memory 1. Before thilis copylng process
takes place all data from the address range AB B which 1s to move
during a copying process from the transmit zone 3 to the transmit
buffer 6 should be forwarded to the transmit buffer 6. The data set
DS B can thus only be copied from the consistency buffer 5 into the
transmit zone 3 of the communication memory 1 once both the write

access and the forwarding of data from the address range B are

completed.

The object of the invention is thus to minimize delays which can
arise as a result of the necessary copying processes at a subscriber
with an asynchronous application into an isochronous cyclical

communications system.

The object of the invention is achieved by a method with the
features of the Independent Patent claims 1 and 2. Preferred
embodiments of the invention are specified in the dependent patent

clalims.

With the method in accordance with the invention, before 1t can be
read in the asynchronous application, data 1s advantageously not
copied into the consistency buffer. The application accesses the
communication memory directly to read the data. During read access
data which is destined for an address range in the communication

memory to which the application has access or could have access 1s

copied from the receive buffer into the consistency buffer. Only
this data will be copied from the consistency buffer to the
communication memory at the end of the reader access. A copylng

process 1is only needed i1f data 1s received during read access from
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the receive buffer which is addressed to an address range to which

the application has access or could have access.

In a further method in accordance with the invention the application
writes data directly into the communication memory. Data from an
address range to which the application has access or could have
access during writing is written into the consistency buffer before
write access. Here it is ready for transmission while 1f the
application is writing data to the communication memory. It 1s
advantageous that the forwarding of the data from the consistency
buffer to the transmit buffer can be interrupted as soon as write
access to the reserved address range has been ended and 1instead
current data can be forwarded from the communication memory to the

transmit buffer.

A preferred exemplary embodiment of the invention is explained 1in

more detail below with reference to the diagrams. The drawings show:

Figure 1 a block diagram of a system from the prior art during a

read access

Figure Z a state transition diagram during read access 1n

accordance with the prior art,

Figure 3 a block diagram or a system from the prior art during a

wrilte access,

Figure 4 a state transition diagram during write access 1n

accordance with the prior art,

Figure 5 a block diagram of a system in accordance with the

invention during a read access

Figure 6 a state transition diagram during a read access 1n

accordance with the invention,

P v i n g amtaye e e A b, iy Al s kS VLT Py vy 4 Ca v d g s A T R el ) P b e D e LI 0 .
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Figure 7 a block diagram of a system in accordance with the

invention during a write access,

Figure 8 a state transition diagram during a write access 1in

S accordance with the invention,

Figure 9 a flowchart of read access in accordance with the

invention,

10 Figure 10 a flowchart of write access in accordance with the

invention.

Figure 5 shows a system in accordance wilth the invention of a
subscriber of an isochronous, cyclical communication system for

15 processing consistent data blocks during a read access. The system
in accordance with the invention also possesses a communication
memory 7 with a receive zone 8 and a transmit zone 9, a consistency
buffer 10, a receive buffer 11 and a transmit buffer 12. The system
in accordance with the invention differs significantly from the

20 prior art by linking of the receive buffer 11 and the transmit
buffer 12 with the communication memory 7 and the consistency buffer
10. Using the multiplexer 13 a link can be established between both
the receive buffer 11 and the consistency buffer 10 and also between
the receive buffer 11 and the communication memory 7. Likewlse Dy

23 means of multiplexer 14 an alternative link between the transmit
buffer 12 and the communication memory 7 or the consistency buffer
10 can be established. The job interface 15 controls the
multiplexers 13 and 14.

30 In the case shown the application 16 reads data from the address

range AB C of the consistency block KB C in the receive zone 8 of
the communication memory 7, while data set DS C is being forwarded
from receive buffer 11 to consistency buffer 10 which is actually
intended for address range AB C. To ensure the consistency of the

35 data read by the application, the data set DS C will thus be copied

into the consistency buffer. The job interface 15 controls the
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multiplexer 13 so that there is a connection between the recelve

buffer 11 and the consistency buffer 10. The read access has no

P

effect on the forwarding of data from the transmit zone 9 to the

transmit buffer 12. The transmit zone 9 is thus connected via the

5 multiplexer 14 to the transmit buffer 12.

The use of the consistency buffer 10 during read access 1s thus only
necessary because the data set DS C 1s destined for address range AB
C to which the application 16 has access or could have access.

10 Otherwise the data can be forwarded directly from the receive buffer
11 to the receive zone 8 of the communication memory 7. The job
interface 15 will then establish a connection between at the receive

buffer 11 and the recelve zone 8.

15 Figure 6 illustrates the sequence of read access in accordance with
the invention. During read access by the application to the receive

zone 8 of the communication memory 7 a data set DS C which 1s

destined for the address range AB C of the consistency block KB C 1is
copied from the receive buffer 11 to the consistency buffer 10.

20 After read access has ended the data set DS C will be copied from
the consistency buffer 10 into the receive zone 8 of the
communication memory 7. Data 1s sent and received independently of

the read access.

25 Figure 7 shows the system from Figure 5 during a write access. The
address range of the consistency block KB D will be written by
application 16 directly in the transmit zone 9 of the communication
memory /. The data set DS D from the address range of the
consistency block KB D 1s located in the consistency buffer 10. It

30 is advantageous that in transmit buffer 12 a complete set of data 17
1s "in stock" for transmission. In stock here means that the set
includes all data which i1s to be transmitted during the next

transmit procedure.

35 Figure 8 illustrates the sequence of a write access in accordance

with the invention i1n the system of Figure 7. Before write access by

VM A dim A ¢ e 0] i S Ty Chded + A LR Ot e A A L T R AR ARSI A AT e T e T R g ARRERRE A R BT e RS E R
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application 16 the data set DS D will be copied from the address

range AB D of the consistency block KB D which the application can
or could write to during the write access from the transmit zone 9
of the communication memory 7 to the consistency buffer 10. During

S write access consistent data can be transmitted from a data set DS D

from the consistency buffer 10 to the transmit buffer 12. The job
interface 15 therefore connects the consistency buffer 10 with the

transmit buffer 1Z2.

10 If write access by the application 16 is ended before the ending of
the copying process of data set DS D from the consistency buffer 10
to the transmit buffer 12 the copying process will be aborted. To
guarantee the transmission of a complete data set from the transmit
buffer 12 a data set 17 must therefore be kept in stock in this.

15

After the write access data can be forwarded from the address range

AB D again and from the transmit zone 9 of the communicatlion memory
7 to the transmit buffer 12. Data which 1s not located 1in address
range AB D can also be forwarded during write access from the

20 receive zone 9 of the communication memory 9 to the transmit buffer
12. Data can be received independently of write access at the

receive port and sent at the transmit buffer 12.

Figure 9 shows a flowchart of a read access 1n accordance with the

25 invention. First of all an address range AB C in the receive zone of
the communication memory is reserved by a consistency block KB C
(step 18). ,Reservation by a consistency block" means 1n this
connection that data can neither be copied from the receive buffer
into the address range occupied by a consistency block, nor from an

300 address range occupied by a consistency block into the transmit
buffer. The address range C includes addresses to which the

application has access or could have access durlng a read access.

In the next step (step 19) the application accesses the consistency
35 block KB C in the communication memory for reading. At the same time

the data set DS C which 1s addressed to addresses 1n the address
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range AB C of the consistency block KB C is copied from the receilve

buffer to the consistency buffer.

After the end of read access the consistency block KB C 1s released

(step 20). The address range AB C can now be written again with data

from the transmit buffer.

Data which was written during the read access into the consistency
buffer can finally be copied into the address range AB C of the

communication memory (step 21).

Figure 10 shows a flowchart of a write access in accordance with the

invention. A data set DS D in address range AB D of the transmit
zone 9 of the communication memory which is written or could be

written by the application during a write access will first be

copied into the consistency buffer (step 22).

The address range AB D will then be occupied by the consilstency

block KB D (step 23). Thus data can no longer be forwarded from the

address range AB D to the transmit buffer.

During the write access however data of the data set DS D can be

forwarded from the consistency buffer to the transmit buffer (step

24) .

After write access has ended the consistency block KB D will be

released (step 25). Data can again be forwarded from the address

range AB D to the transmit buffer.

The copying process of data of data set DS D from the consistency
buffer to the transmit buffer will be aborted if it is not completed
before the end of write access (step 26) and replaced by the current

data from the communication memory.

A current data record is then copied from the address range AB D of

the consistency block KB D to the transmit buffer (step 27).
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Patent claims

1. Method for processing consistent data sets by an asynchronous
application (16) of a subscriber with a transmit buffer (12), a
receive buffer (11), a communication memory (7) and a consistency
buffer (10) in an isochronous, cyclical communications system, 1n
which case the communication memory (7) features a receive zone (8)
and a transmit zone (9), with the following steps:

- Reservation of a first address range in the receive zone (8) of

the communication memory (7) by a consistency block;

- Read access by the application (16} to the first address range;

— Use of the consistency buffer (10) instead of the first address
range 1n the receive zone (8) of the communication memory (7)
for storage of a first data set from the receive buffer (11);

- Release of the consistency block after read access has ended;

- Copying of the first data set from the consistency buffer (10)

into the first address range.

2. Method for processing conslstent data sets by an asynchronous
application (16) of a subscriber with a transmit buffer (12), a
receive buffer (11), a communication memory (7) and a consistency
buffer (10) in an isochronous, cyclical communications system, 1n
which case the communication memory (7) features a receive zone (8)

and a transmit zone (9), with the followling steps:
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- Copying of a second data set from a second address range 1n the
transmit zone (9) of the communication memory (7);

- Occupation of the second address range by a consistency block;

- Write access by the application (16) to the second address

S range;

- Release of the consistency block after write access has ended.

3. Method in accordance with Claim 2 with the following further
step:
10
- Beginning the copying of data of the second data set from the

consistency buffer (10) to the transmit buffer (12) during write

access by the application (1lo).

15 4. Method 1n accordance with Claim 3 with the following further step
for the case in which the copying of data of the second data set

from the consistency buffer (10) to the transmit buffer (12) 1s not

concluded when write access ends:

20 - Aborting copying of data of the second data set from the
consistency buffer (10) to the transmit buffer (12);

- Copying of data from the second address range to the transmit
buffer (12).

235

5. Subscriber with an application (16), a transmit buffer (12), a

guien

receive buffer (11), a communication memory (7), a consistency

buffer (10) and a job interface (15) with means for:
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- reservation of a first address range in the recelve zone (8) of
the communication memory (7) by a consistency block;

- reading of the first address range by the application (16);

Use of the consistency buffer (10) instead of the first address
range for storage of a first data set from the receive buffer (11);
Release of the consistency block after read access 1s ended by the
application (16); Copying of the first data set from the consistency
buffer (19) to the first address range.

6. Subscriber with an application (16), a transmit buffer (1l2), a
receive buffer (11), a communication memory (7), a consistency

buffer (10) and a job interface (15) with means for:
- copying of a second data set from a second address range in the

transmit zone (9) of the communication memory (7) 1nto the

consistency buffer (10);

- reservation of the second address range by a consistency block;

- writing of the second address range by the application (7);

- release of the consistency block after of the end of write access.

7. Subscriber in accordance with Claim 6 with a means for copying

data of the second data set from the consistency buffer (10) to the

transmit buffer (12).
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8. Subscriber in accordance with Claim 7 with a means for copying a

data from the second address range to the transmit buffer (12).

9. Subscriber in accordance with one of the Claims 5 to 8, in which

case the transmit buffer (12) always has a complete data set 1n

stock for transmission.

10. Isochronous, cyclical communication system with at least one

subscriber in accordance with one of the Claims 5 to 9.

Fetherstonhaugh
Ottawa, Canada
Patent Agents
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