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MULTI-PROCESSOR BASED PROGRAMMABLE LOGIC CONTROLLER AND
METHOD FOR OPERATING THE SAME

BACKGROUND

[0001] This invention generally relates to a programmable logic controller
(PLC), and more particularly to a multi-processor based PLC and a method for

operating the multi-processor based PLC.

[0002] Programmable logic controllers are widely used in various industries
for logic control, sequence control, motion control, process control, distributed system
control and so on. A programmable logic controller (PLC) generally has one or more
processors, a memory, and a plurality of input/output (I0) modules coupled to devices.
The processors are the heart of the PLC and responsible for many PLC functions,
such as input scanning, logic solving and output scanning. It is also noted that there
may be multiple processors associated with each PLC function. Therefore, choosing

suitable processors help to achieve a PLC with high performance.

[0003] The duration of a sweep cycle and the speed of logic solving are two
parameters typically used to measure the efficiency of a PLC. FIG. 1 schematically
shows a sweep cycle of a conventional PLC 100. The PLC 100 typically includes
multiple PLC functions such as input scanning, logic solving, and output scanning.
Besides input scanning, logic solving and output scanning, other PLC functions may
be included depending on the application. All PLC functions are typically carried out
in serial sequence wherein each function is processed in its entirety before proceeding
to another function. The subsequent un-processed PLC functions thus remain in a
waiting stage or queue until the prior function is finished. Accordingly, the duration
of the total sweep cycle 6 is the sum of the durations of all individual cycle times 1, 2,
3, 4 and 5 of the PLC functions as well as any time in-between the respective cycle
times 7. The serial processing of the individual PLC functions results in a lower

efficiency of the PLC.
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[0004] Therefore, there is a need for an improved PLC with high efficiency to

meet practical requirements and applications.

BRIEF DESCRIPTION

[0005] In one aspect of the invention, a programmable logic processor (PLC)
capable of a plurality of PLC functions is provided. The PLC comprises one or more
processors assigned to each of the PLC functions, and at least one memory coupled to
the processors and storing at least one of a plurality of programs or data. At least two

of the PLC functions are run in parallel.

[0006] In another aspect of the invention, a method of operating a PLC with a
plurality of PLC functions is provided. The PLC comprises one or more processors
assigned to each of the PLC function and coupled to the memory, and at least one
memory storing at least one of a plurality of programs or data. The method comprises:
(a) initializing the processors corresponding to ecach of the PLC functions
simultaneously; (b) running the PLC functions in parallel by using the processors to
execute the corresponding programs in current sweep cycle; (c) exchanging data in
parallel by using the processors in current sweep cycle; and (d) switching the
processors to step (b) in next sweep cycle to periodically perform steps (b), (¢) and (d)

until the processors respectively finish all required programs.

[0007] In another aspect of the invention, a PLC system is provided. The PLC
system comprises a plurality of programmable logic controllers (PLCs) each of which
is capable of a plurality of PLC functions; a plurality of systems links connecting the
PLCs; and a plurality of 10 interfaces connecting the PLCs with one or more devices.
Each PLC comprises one or more processors assigned to each of the PLC functions,
and at least one memory coupled to the processors and storing at least one of a

plurality of programs or data. At least two of the PLC functions are run in parallel.

[0008] These and other advantages and features will be more understood from
the following detailed description of preferred embodiments of the invention that is

provided in connection with the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a schematic block diagram showing a sweep cycle of a

conventional programmable logic controller (PLC);

[0010] FIG. 2 is a schematic block diagram of a PLC in accordance with one

embodiment of the invention;

[0011] FIG. 3 is a schematic block diagram illustrating hardware architecture

of the PLC in FIG. 2;

[0012] FIG. 4 is a schematic block diagram illustrating the structure of
dataflow memories (DFMs) in FIG.3;

[0013] FIG. 5A is a schematic timing diagram of the PLC in FIG. 2, applying

a first run-synch phase switch format;

[0014] FIG. 5B is a schematic timing diagram of the PLC in FIG. 2, applying

a second run-synch phase switch format;

[0015] FIG. 5C is a schematic timing diagram of the PLC in FIG. 2, applying

a third run-synch phase switch format;

[0016] FIG. 6 is a schematic block diagram illustrating dataflow in a PLC in

accordance with another embodiment of the invention,;

[0017] FIG. 7 is a schematic block diagram illustrating dataflow in a PLC in

accordance with another embodiment of the invention,;

[0018] FIG. 8 is a flowchart illustrating a method of operating a PLC in

accordance with another embodiment of the invention,;

[0019] FIG. 9 is a schematic block diagram illustrating hardware architecture

of a PLC in accordance with another embodiment of the invention;
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[0020] FIG. 10A is a schematic block diagram illustrating one kind of
dataflow of the PLC in phase A;

[0021] FIG. 10B is a schematic block diagram illustrating the one kind of
dataflow of the PLC in phase B; and

[0022] FIG. 11 is a schematic block diagram of a PLC system in accordance

with another embodiment of the invention.
DETAILED DESCRIPTION

[0023] Embodiments of the present disclosure will be described hereinbelow
with reference to the accompanying drawings. In the following description, well-
known functions or constructions are not described in detail to avoid obscuring the

disclosure in unnecessary detail.

[0024] It is known that programmable logic controllers (PLCs), programmable
automation controllers (PACs), and distributed control systems (DCSs) are
overlapping in functions. The boundary among them is more and more ambiguous.
Thus, the term PLC referred to herein is not limited to its original meaning and means
all equipments having the similar capabilities and functionality, such as the PACs and

DCSs.

[0025] The suffix “(s)” as used in drawings is usually intended to include both
the singular and the plural of the term that it modifies, thereby including one or more

of that term.

[0026] A programmable logic controller (PLC) 200 in accordance with one
embodiment of the invention is shown in FIG. 2. The PLC 200 exchanges data with
devices 70 such as sensors or driving actuators for acquiring data, controlling motion,
or the like. The PLC 200 typically has one or more processors and at least one
memory 10 coupled to the processors. The memory 10 typically stores a plurality of
programs, intermediate results and related data. The processors in this embodiment
include an 10 scanning processor 20, a logic solving processor 30, a communication

processor 40 and a diagnosis processor 50, each of which carries out one PLC
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function. Within each processor 20, 30, 40, 50 there may be one or more processors
that also may run in parallel. The processors 20, 30, 40, 50 can be portion of one or

multiple processor assemblies that contain many processors.

[0027] It should be noted that the present invention is not limited to any
particular processor. The term "processor”, as that term is used herein, is intended to
denote any unit, module, machine and other form capable of performing programs.
The term "processor” is intended to denote any unit, module, machine and other form
that is capable of receiving an input and of processing the input in accordance with

prescribed rules to produce an output, as will be understood by the skilled in the art.

[0028] The PLC 200 further includes a plurality of channels which join the
processors together to allow them to communicate with each other. In some
embodiments, the channels may be not employed. The processors 20, 30, 40, 50 run
in parallel to fulfill the corresponding PLC functions so that the efficiency of the PLC
18 highly improved.

[0029] Referring again to FIG. 2, the IO scanning processor 20 is connected
with one or more devices 70 through one or more input/output (I0) modules 60
having input modules and output modules. The 10 scanning processor 20 scans the
devices 70 or the associated processors to acquire input data or transmit output data.
In some embodiment, the IO scanning processor 20 is replaced by an input scanning
processor and an output scanning processor. The logic solving processor 30 performs
logic computation whose results go to the 10 scanning processor 20, the diagnosis
processor 50 or the communication processor 40. The communication processor 40 is
connected with a human machine interface (HMI) 80 via system links such as low
voltage differential signal (LVDS). The communication processor 40 exchanges data
with other processors and receives request from the HMI 80. The HMI 80 is also
referred to as a host computer, MMI (Man Machine Interface) and GUI (Graphical
User Interface). The communication processor 40 also communicates with the HMI
80 via other PLC via system links. The diagnosis processor 50 performs routine check

of PLC hardware and maintains a fault table in the memory 10.
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[0030] FIG. 3 illustrates hardware architecture of the PLC 200 in FIG. 2
according to one embodiment. The memory 10 has multiple sections of memories,
which are respectively realized by program and local data memories (PDMs) 101 and
dataflow memories (DFMs) 102. Each of the processors 20, 30, 40 and 50 has an
associated PDM 101, a directly associated DFM 102 (local DFM) and three indirectly
associated DFMs (external DFMs). The PDM 101 is divided into a program memory
for storing system programs or user programs and a local data memory for storing
intermediate results. The DFM 102 is a pool of dataflow variables. The dataflow
variable has a data value and an associated tag that indicates the presence or absence

of the data value.

[0031] FIG. 3 also shows the relationship among the four processors 20, 30,
40 and 50, the PDMs 101 and the DFMs 102, without showing full connections
between the four processors 20, 30, 40 and 50 and their external DFMs 102. Each of
the processors 20, 30, 40 and 50 has full access to its associated PDM 101 and its
local DFM 102. When the dataflow variable stored in its external DFMs 102 is
desired, the processors 20, 30, 40 and 50 take an indirect approach via the channels 75
complying with a predefined inter-processor communication protocol, as shown by
the 45 degrees arrows. The channels 75 may be realized by some signals or shared
memories, such as multiport memory, ping-pong buffer or first-in-first-out (FIFO). In

this embodiment, the FIFO is adopted to link the processors.

[0032] Referring to FIG. 4 in conjunction with FIGS. 2 and 3, according to
different types of stored data value, the DFMs 102 for providing spaces for dataflow
variables are separated into several domains, such as input domain 103, output
domain 104, intermediate domain 105, system input domain 106 and system output
domain 107. The input domain 103 is for storing input data from the devices 70
through the input modules. The output domain 104 is for storing output data. The
intermediate domain105 is for storing local or intermediate data of its local PLC. The
system input domain 106 is for storing input data from other PLC or the HMI 80
through the system links. The system output domain 107 is for storing output data to
other PLCs though the system links. At least one DFM also includes one domain for
storing data (not shown). For example, the local DFM 102 of the 10 scanning

6
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processor 20 has input domain 103 and output domain 104; and the local DFM 102 of
the communication processor 40 has the system input domain 106 and system output
domain 107. In some embodiments, one domain is a group of small domains

distributed in the processors 20, 30, 40 and 50.

[0033] In this embodiment, all processors 20, 30, 40 and 50 of the PLC 200
run in parallel so that sweep cycles are shorter than the conventional PLC. A sweep
cycle typically consists of a synch phase and a run phase. In synch phase, all
processors 20, 30, 40 and 50 send data to their destinations and receive data from
other processors. The programs in the PLC are typically periodical and predetermined
such that dataflow direction and data packet size are determined in system
configuration according to application requirements. In the run phase, all processors
20, 30, 40 and 50 perform the corresponding programs to fulfill their PLC functions.
During the run phase, some intermediate results are produced and placed in the
associated PDMs 101; meanwhile, the DFMs 102 are updated. In this embodiment,
the duration of one sweep cycle is determined by the largest PLC function that is

typically performed by the logic solving processor 30.

[0034] The processors 20, 30, 40 and 50, in one embodiment, switch between
the synch phase and the run phase in compliance with a synch-run switch format and
any of three run-synch switch formats described herein. The synch-run switch format
is that the processors 20, 30, 40 and 50 individually switch from synch phase to run
phase when all data is sent and the data they require is received. For the first run-
synch switch format, the processors 20, 30, 40 and 50 individually switch from run
phase to synch phase when they finished their corresponding programs. For the
second run-synch switch format, the processors 20, 30, 40 and 50 simultancously
switch from run phase to synch phase when a predefined maximum period (T max)
of execution is reached. For the third run-synch switch format, the processors 20, 30,
40 and 50 simultaneously switch from run phase to synch phase when all processors

20, 30, 40 and 50 finish their corresponding programs.

[0035] FIG. 5A shows sweep cycles of the PLC 200 in FIG. 3 adopting the

first run-synch phase switch format. Because the processing speeds of the processors
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20, 30, 40 and 50 or the number of data packet from/to the processors may be
different, the switching point from synch phase to run phase may not be aligned
perfectly. All processors 20, 30, 40 and 50 run in parallel in their individual sweep
cycles and the individual switching occurs at the completion of the respective PLC
function. The cycle time in this example can be considered as the time for completion
of the individual cycle time of the longest processor function. The first run-synch
phase switch format is simple to implement, thereby achieving the most efficient

PLC.

[0036] FIG. 5B shows sweep cycles of the PLC 200 in FIG. 3 adopting the
second run-synch phase switch format. In this case, the processors 20, 30, 40 and 50
perform the processing and the next cycle commences after a predefined time period
T max or completion of all tasks in the current cycle. The predefined time period
T max can be determined by simulation or empirically derived such that all of the
PLC processing is completed before the next cycle. There is typically a small delay
between the cycle time of the individual PLC functions and the predefined time
period T _max. The small delay is typically calculated to be within a tight margin of
the typical or average time of the longest individual PLC function processing time. In
most applications, the logic solving function is placed at the highest priority.
Sometimes T max is indicated that the largest sweep time at most is
T max, for avoiding endless execution of other functions. For example, when the
communication processor 40 requires a huge amount data, the run phase could be very
long. Under such situation, when T max is violated by any function, a warning or a

fault will be generated.

[0037] FIG. 5C shows sweep cycles of the PLC 200 in FIG. 3 adopting the
third run-synch phase switch format. In this embodiment, the processors 20, 30, 40
and 50 simultancously switch from run phase to synch phase when the longest
individual PLC processing time is completed. In this example, the logic solving
processor 20 is the longest cycle time. In this embodiment the duration of one sweep
cycle is the largest execution period among the processors 20, 30, 40 and 50. In
contrast, the duration of one sweep cycle of the conventional PLC is the sum of all

processors, and the invention achieves highly efficiency. There also have many

8
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alternatives of the embodiments by increasing or decreasing the number of the PLC
functions. As depicted herein, the logic solving function is placed at the highest
priority in most applications. The third run-synch phase switch format is generally
used when the processing time of a logic solving function is pre-estimated to be not

shorter than other PLC functions.

[0038] In order to better understand the parallel performance of the present
system, several examples of dataflow models are described herein. Referring to FIG.
6, a PLC 300 having two processors, namely IO Scanning Processor and Logic
Solving Processor, is taken as an example. The PLC 300 has an 1O scanning processor
301, a logic solving processor 302, and memory. The memory in this embodiment
includes PDMs 303 and 304 and DFMs 305 and 306 each of which are respectively
associated with the 10 scanning processor 301 and the logic solving processor 302.
The IO scanning processor 301 and the logic solving processor 302 are connected
together by multiple channels such as a plurality of FIFOs 310. In some embodiments,

the FIFOs 310 are replaced by other types of channels.

[0039] The symbols “in_i0” and “out-logic” are indicative of intermediate
results respectively produced by the 10 scanning processor 301 and the logic solving
processor 302. Various arrows mean the directions of dataflow. There are fives routes

described herein which are expressed as R1, R2, R3, R4 and RS.

[0040] R1 indicates that the 10 scanning processor 301 receives data from
devices via input modules 307 and produces the intermediate result in io. R2
indicates that the intermediate result in_io is transmitted and placed in the DFM 306
in the form of dataflow variables. The dataflow variables have a tag and data value.
The tag generally appears in the form of integer. If the tag shows zero, the logic
solving processor 302 cannot access dataflow variables in the corresponding DFM
306. Once there is data transmitted into the DFM 306, the tag changes to an integer
greater than zero so that the logic solving processor 302 is permitted to access

dataflow variables.

[0041] R3 indicates that the logic solving processor 302 performs user
programs using the dataflow variable in the DFM 306 to produce the intermediate

9
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result out logic and then place them in the corresponding PDM 304. R4 indicates that
the intermediate result out logic is sent to IO scanning processor 301 and then to be
placed in the DFM 305 via the FIFOs 310. R5 indicates that the IO scanning
processor 301 sends dataflow variables in the DFM 305 to output modules 308.

[0042] In this embodiment, the FIFOs 310 are used to connect the 10 scanning
processor 301 with the logic solving processor 302. In some embodiments, the
channels, such as the FIFOs 310, are used to connect the processors with their
external DFMs. Taking R2 in the PLC 300 from FIG. 6 as an example, in this
embodiment, the IO scanning processor 301 acquires the intermediate result in_io
from the FIFO 310, and then places the intermediate result in_io to the DFM 305. In
some embodiments, the FIFO 310 connects the logic solving processor 302 with the
DFM 305 instead of the 10 scanning processor 301. As a result, the intermediate
result in_io are directly placed the DFM 305 through the FIFO 310, thereby leaping
over the 10 scanning processor 301. It is also noted that R4 may applies the similar

manner as the R2 to be realized.

[0043] The five routes are arranged in two phases. According to the above-
mentioned definition of the two phases, the routes R2 and R4 are executed in parallel
in the synch phase, and the routes R1, R3 and R5 are executed in parallel in the run
phase. The dataflow model in FIG. 6 efficiently helps the PLC functions: the 10
scanning and logic solving are run in parallel by the 10 scanning processor 301 and

the logic solving processor 302.

[0044] Referring to FIG. 7, the PLC 400 has the similar arrangement with that
of the PLC 300 from FIG. 6, but further has a communication processor 401 which
connects the PLC 400 with a HMI 407 via a system link 411. FIG. 7 illustrates how
the communication processor 401 exchanges data among the processors 301 and 302
during its synch phase. Some routes shown in FIG. 6 and a connection between the
communication processor 401 and the 10 scanning processor 301 are ignored for the
sake of simplicity in FIG. 7. In the PLC 400, the memory includes PDM 403 and

DFM 404 which is associated with the communication process 401. The symbol

10
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“in_comm?” is indicative of intermediate result corresponding to the communication

processor 401.

[0045] Routes R2’, R4’ and R6’ express data flows in the synch phase. R2’
indicates that the intermediate result in_io is transmitted and placed in the DFMs 306
and 404 in the form of dataflow variable. R4’ indicates that the intermediate result

out logic is sent to IO scanning processor 301 and the communication processor 401

and then to be placed in the DFMs 305 and 404.

[0046] R6’ indicates that the intermediate result is transmitted to the 10
scanning processor 301 and then to be placed in the DFM 306. In run phase, the
communication processor 401 receives request from the HMI 407 via the system link
411 such as LVDS and decodes the requests. At the same time, the data from the 10
scanning process 301 or/and the logic solving process 302 in the DFM 404 are packed
and sent out over the system link 411 to the HMI 407. As a result, the communication
processor 401 periodically transmits the updated data of devices through the 10
scanning processor 301 and the logic solving processor 302. Also, the communication
processor 401 continually receives request from the HMI 407 to update the status of

the devices.

[0047] As above-mentioned, in some embodiments, the FIFOs 310 connects
the logic solving processor 302 with the DFM 305 instead of the IO scanning
processor 301(shown in FIGS. 6 and 7), thereby directly sending the intermediate
result in_io to the DFM 305. It should be understood herein that R2°, R4’ and R6’ can

be realized in the same manner.

[0048] The DFM 404 has a system input domain and a system output domain
whose space are generally limited. When huge amount data must be uploaded over a
predetermined threshold value, a data block may take place. Therefore, in some
embodiments, a scheduler is provided in a communication processor. When a large
amount data are to be uploaded over the predetermined threshold value, the scheduler
is triggered to dispatch the uploading request and enable it to upload the data in

consecutive cycles.

11
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[0049] Programs performed by a logic solving processor are defined as user
programs which may be large and computation intensive, typically. A sweep cycle is
determined by the execution of the logic solving processor. In order to reduce the
processing duration of the logic solving processor, in some embodiments, a PLC is
configured with a plurality of logic solving processors jointly performing the user
programs. In these embodiments, the user programs are divided into a group of small
pieces which are executed on the logic solving processors in parallel. The group of
small pieces may have different priorities. An assigner may be provided for dividing
the user programs into the small pieces according to the priorities or other suitable
standards. In some embodiments, the assigner is arranged in a memory in the PLC, or
configured as a separate member in the PLC. Although dataflow in some
embodiments where a PLC has four or more PLC functions is not described here, it
can be understood by the skilled in the art referring to the FIG. 6 and FIG. 7 and the
corresponding detailed introduction. In some embodiments, in order to improve
efficiency, 10 scanning, logic solving and communication each is executed on two or

morc proCccssSors.

[0050] FIG. 8 shows a method for operating a PLC in accordance with another
embodiment. In this embodiment, the PLC has four PLC functions 810, 820, 830, 840
that are run in parallel. As noted, there can be one or more processors associated with
cach PLC function. According to different application requirements, the number of
the PLC functions can be increased or decreased. For the sake of simplicity, partial

connections between PLC functions (transmitter and receiver) are not shown.

[0051] In this embodiment, once the PLC starts, the parallel processing of the
four PLC functions 810, 820, 830, 840 are initiated and in one embodiment the
hardware is representative of the IO scanning processor 20, the logic solving
processor 30, the diagnosis processor 50 and communications processor 40 from FIG.
2. The subsequent processing steps are performed according to the switching formats
detailed herein. The number of steps in the PLC function and the cycle time for the
PLC function can vary, however the processing of the PLC function is performed in

parallel.

12
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[0052] Referring again to FIG. 8 and the configuration shown in FIG. 2,
firstly, the PLC is started and the respective processors for each PLC functions are
initialized simultaneously. Secondly, the processors 20, 30, 40 and 50 come into run
phase in current sweep cycle to carry out their corresponding PLC functions: 10

scanning, logic solving, communication and diagnosis.

[0053] In run phase, the IO scanning processor 20 runs system programs to
have access to the 10 modules 60; the logic solving processor 30 runs user programs;
the communication processor 40 runs system programs to have access to the system
links to communicate with other PLCs or the HMI 80; and the diagnosis processor 50
runs system programs to implements diagnosis routine check and output diagnosis
information. As depicted herein, there are several switching formats. If the one synch-
run switch format is applied in this PLC, the processors 20, 30, 40 and 50 respectively
switch into synch phase when they finish their individual programs. If the second run-
synch phase switch format is applied in this PLC, the processors 20, 30, 40 and 50
simultaneously switch into synch phase when a predefined T-max is reached. If the
third run-synch phase switch format is applied in this PLC, the processors 20, 30, 40
and 50 simultaneously switch into synch phase when all processors finish their

individual programs.

[0054] The processing continues and in one embodiment the processors come
into synch phase. In synch phase, all processors send data to others and receive data

from others.

[0055] The PLC periodically checks whether each processor has received
what it requires, and whether each processor has sent out the data what other
processors require (Ex. Data complete?). If the response is yes, the processors 20, 30,
40 and 50 respectively return to run phase to perform their individual programs in
next sweep cycle, otherwise, they will keep exchanging data between the processors

20, 30, 40 and 50.

[0056] In some embodiments, a PLC is capable of a plurality of PLC
functions and has a shared memory and a plurality of processors coupled to the shared
memory via a plurality of channels. According to different application requirement,

13



WO 2011/041150 PCT/US2010/049468

the number of the PLC functions is increased or decreased. One PLC functions may
be executed on one or more processors. The shared memory has multiple program
memories (PMs) for storing programs including system programs and user programs
and a Ping-Pong buffer (PPB). Each processor is associated with one PM. The PPB
has a first memory and a second memory having a similar space for storing input data,

output data or intermediate data with the first memory.

[0057] In some embodiments, the first memory includes an arbitrator and a
ping buffer; and the second memory includes an arbitrator and a pong buffer. The
arbitrators test and determine access result when two or more processors
simultaneously have access to one same area in the same memory and enable to the
PLC functions to be run in parallel. In some embodiment, the shared memory

arranges common arbitrator for the first and second memories use.

[0058] FIG. 9 shows a PLC 900 having an 10 scanning processor 901 and a
logic solving processor 902 according to another embodiment. Within each processor
901 or 902, there may be one or more processors that also may run in parallel. The
processors 901 and 902 can be portion of one or multiple processor assemblies that

contain many processors.

[0059] The PLC 900 has a shared memory including two PMs 903 and 904
respectively associated with the 10 scanning processor 901 and the logic solving
processor 902, a first memory 905 and a second memory 906. In this embodiment, the
first memory 905 has a ping buffer 907 for storing input data, output data and
intermediate result and an arbitrator 909 for controlling the access to the ping buffer
907. The second memory 906 has a pong buffer 908 and an arbitrator 910. The pong
buffer 908 has a similar space for storing input data, output data and intermediate data
with the ping buffer 907. The arbitrators 909 and 910 permit to access the data when
the data to be accessed are located with different addresses, although they are located

in the same region.

[0060] FIGS. 10A and 10B show one kind of dataflow in the PLC 900

respectively in phase A and phase B. The PLC 900 periodically performs programs in

the phase A and phase B. In one sweep cycle, (see phase A in FIG. 10A), the 10
14
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scanning processor 901 and the logic solving processor 902 perform their
corresponding programs in parallel. Four dataflow routes: L1, L2, L3 and L4 are
illustrated in phase A. The IO scanning processor 901 executes routes L1 and L4;
meanwhile, the logic solving processor 902 executes routes L2 and L3. Input data
stored in input region of the ping buffer 907 through route L1 is assigned to different
addresses according to a predetermined classification. When the IO scanning
processor 901 and the logic solving processor 902 finish their current corresponding
programs or a predetermined maximum period is reached, they switch into next sweep
cycle (see phase B in FIG. 10B). The 10 scanning processor 901 executes routes L1’
and L4’; meanwhile, the logic solving processor 902 executes routes L2’ and L3’. It is
clear that the IO scanning processor 901 and the logic solving processor 902 run their
individual programs in parallel. In some special applications, the 10 scanning
processor 901 and the logic solving processor 902 may access one same region. The
arbitrators 909 and 910 in PLC 900 are triggered here to test whether the accessed
destination is in the same address. If the response is yes, the arbitrators randomly
choose one access first and hang on the other one. Otherwise, the 10 scanning
processor 901 and the logic solving processor 902 may access in parallel, which

means the two PLC functions: 10 scanning and logic solving are run in parallel.

[0061] For improving data integrity, a protection system (not shown) is
provided in the PLC 900. From software perspective, the protection mechanism is
realized by a mutex in the first or second memory 905 and 906. The mutex provides
test-and-set operation and set the priority to the accesses incurred in the same time
according to the predefined standards. When two or more processors simultancously
access the same address in the same area in the ping buffer 907 or the pong buffer
908. The arbitrators 909 and 910 permit the access with highest priority and hang on
the others.

[0062] FIG. 11 shows a distributed PLC system 1100 in accordance with
another embodiment of invention. In FIG. 11, “P.” is the abbreviation of Processor.
The distributed PLC system 1100 is for coupling an HMI 1104 to various devices
1105, 1106 and 1107 so that a user automatically controls the motion, process or other

action of the devices 1105, 1106 and 1107 through the HMI 1104. In this
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embodiment, the distributed PLC system 1100 has three programmable logic
controllers (PLCs) 1101, 1102 and 1103, a plurality of system links 1108 connecting
the PLCs 1101, 1102 and 1103 with each other or with the HMI 1104, and a plurality
of 10 modules connecting PLCs 1101, 1102 and 1103 with the corresponding devices
1105, 1106 and 1107. The PLCs 1101, 1102 and 1103 are assigned to control
different devices, and in alternative embodiments, they are assigned to control

different parts in one device.

[0063] Each PLC 1101, 1102 or 1103 is capable of a plurality of PLC
functions and has a memory for storing system programs and user programs and a
plurality of processors. Each PLC function is assigned to one or more processors. In
some embodiments, the PLCs 1101, 1102 and 1103 are replaced by any PLC of the
above-mentioned embodiments according to the application. In this embodiment, each
PLC includes an IO scanning processor, a logic solving processor, a communication
processor and a diagnosis processor. Within each processor, there may be one or more
processors that also may run in parallel. The processors can be portion of one or

multiple processor assemblies that contain many processors.

[0064] The 10 scanning processor executes the corresponding system
programs to scan the coupled device 1105, 1106 or 1107. The logic solving processor
executes user programs to process logic computation. The communication processor
performs the corresponding system programs and cooperates with the system link
1108 to establish a communication between two PLCs or one PLC and the HMI 1104.
In operation, the diagnosis processor executes the corresponding system programs and
performs diagnosis routine check to produce diagnosis result and send them to other

Proccessors.

[0065] In each PLC 1101, 1102 or 1103, the PLC functions are run in parallel.
The detail of the configuration of each PLC is referred to in the above-mentioned
embodiments of PLC. The PLC shown in FIGS. 9, 10A and 10B is also used here so
that the PLC functions are run in parallel.

[0066] The communication processor in each PLC is responsible for
establishing communication between any two PLCs or between one PLC and the HMI

16
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1104. One PLC’s operation sometimes relies on the data required from other PLCs.
The communication processor continuously sends and receives updated data or
requests from others with the system links 1108. In some embodiments, the memory
has a system input domain and a system output domain to be dedicated for placing
data received/sent through the system links 1108. In this embodiment, the system link
1108 is realized by low voltage differential signal (LVDS). If the PLC system

transfers large amount of data, an industrial Ethernet protocol may be applied here.

[0067] In programming, all programs are programmed in the distributed PLC
system 600 using one compiler (not shown) through the HMI or other computer 1104.
The compiler records all the information of each PLC 1101, 1102 or 1103 including
hardware and software information. The compiler specifies the processors in each
PLC 1101, 1102 or 1103 and creates system links automatically. Compared with the
conventional programming method which is first programming each PLC and then
connecting them together, the configuration of the invention make it is easier to
program. Also, it enables the user to ecasily scale up the PLC system by inserting

additional PLC according to the application.

[0068] The above-mentioned multiple processors in a PLC or in one of PLC in
a PLC system may be placed on multiple chips. For example, a PLC having multiple
processors may include two chips, and one chip places one processor or more
processors. Also, all of the processors are placed on one chip provided that the

integrity performance meets the application.

[0069] While the disclosure has been illustrated and described in typical
embodiments, it is not intended to be limited to the details shown, since various
modifications and substitutions can be made without departing in any way from the
spirit of the present disclosure. As such, further modifications and equivalents of the
disclosure herein disclosed may occur to persons skilled in the art using no more than
routine experimentation, and all such modifications and equivalents are believed to be

within the spirit and scope of the disclosure as defined by the following claims.
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WHAT IS CLAIMED IS

1. A programmable logic controller (PLC) capable of a plurality
of PLC functions, comprising:
one or more processors assigned to each of the PLC functions;
and
at least one memory coupled to the processors and storing at
least one of a plurality of programs or data;

wherein at least two of the PLC functions are run in parallel.

2. The PLC of claim 1, further comprising a plurality of channels
connecting the processors corresponding to each of the PLC functions to enable them

to communicate with each other.

3. The PLC of claim 1, wherein the memory comprises a plurality
of first and second memories each of which is directly associated with one PLC
function; and wherein the first memories place the programs and intermediate results
and the second memories place dataflow variables during communications among the

Proccessors.

4. The PLC of claim 3, further comprising a plurality of channels
respectively connecting the second memories with the processors corresponding to

their indirectly associated PLC functions.

5. The PLC of claim 1, wherein the processors periodically cycle
through a synch phase and a run phase; and wherein the processors corresponding to
cach of the PLC functions exchange data to each other in the synch phase and execute

the programs stored in the memory in the run phase.

6. The PLC of claim 5, wherein the processors simultancously
switch into the synch phase from the run phase when all processors finish the

corresponding programs.
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7. The PLC of claim 5, wherein the processors simultancously
switch into the synch phase from the run phase when a predefined maximum time

period is reached.

8. The PLC of claim 1, wherein the memory comprises a plurality
of program memories each of which is associated with one PLC function and a ping-

pong buffer which comprises a first memory and a second memory.

9. The PLC of claim 8, wherein the processors comprise an 10
scanning processor and a logic solving processor which alternately have access to the

first memory and the second memory.

10. The PLC of claim 8, further comprising two arbitrators
respectively connecting the first memory and the second memory with the processors

and controlling the processors to access the first memory or the second memory.

11. The PLC of claim 10, further comprising a protection
mechanism connected with the arbitrators; wherein the protection mechanism sets
priority to the processors when two or more processors have access to one same area

of the first memory or the second memory.

12. The PLC of claim 8, wherein the first memory is a ping buffer
and the second memory is a pong buffer; and wherein the ping buffer and the pong

buffer have similar spaces for storing input data and output data.

13. A method of operating a programmable logic controller (PLC)
capable of a plurality of PLC functions, the PLC comprising: at least one memory
storing at least one of a plurality of programs or data; and one or more processors
assigned to each of the PLC function and coupled to the memory, the method
comprising:

(a) initializing the processors corresponding to each of the PLC
functions simultancously;
(b) running the PLC functions in parallel by using the

processors to execute the corresponding programs in current sweep cycle;
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(c) exchanging data in parallel by using the processors in
current sweep cycle;

(d) switching the processors to step (b) in next sweep cycle to
periodically perform steps (b), (¢) and (d) until the processors respectively finish all

required programs.

14.  The method of claim 13, wherein the memory comprises a
plurality of first and second memories each of which is associated with one PLC
function; and wherein the method further comprises placing intermediate results
produced during step (b) in the first memory and placing dataflow variable from other

processors in the second memory during step (c).

15.  The method of claim 13, wherein during step (d) switching all
processors simultancously to step (b) in the next sweep cycle when a predefined

maximum period is reached.

16.  The method of claim 13, wherein during step (d) switching all
processors simultaneously to step (b) in the next sweep cycle when all processors

complete the corresponding programs in current sweep cycle.
17. A programmable logic controller (PLC) system, comprising:

a plurality of programmable logic controllers (PLCs) each of
which is capable of a plurality of PLC functions;
a plurality of system links connecting the PLCs; and
a plurality of I0 modules connecting the PLCs with one or
more devices;
cach PLC comprising;:
one or more processors assigned to each of the PLC
functions; and
at least one memory coupled to the processors and storing at
least one of a plurality of programs or data;

wherein at least two of the PLC functions are run in parallel.
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18.  The PLC system of claim 17, wherein the system links are low
voltage differential signals (LVDS).

19.  The PLC system of claim 17, wherein each PLC comprises a
plurality of channels connecting the processors corresponding to each of the PLC

functions to enable them to communicate with each other.

20. The PLC system of claim 17, wherein the processors comprises

a plurality of logic solving processors.

21.  The PLC system of claim 17, wherein the memory comprises a
plurality of first and second memories each of which is associated with one PLC
function; and wherein the first memories place the programs and intermediate results
and the second memories place dataflow variables during communications among the

Proccessors.

22.  The PLC system of claim 21, wherein the second memories
further comprise a system input domain and a system output domain dedicated to

respectively store data transmitted through the system links.

23. The PLC system of claim 17, wherein the memory comprises a
plurality of program memories each of which is associated with one PLC function and
a ping-pong buffer which comprises a first memory and a second memory having the

same spaces for storing input data and output data as the first memory.

24. The PLC system of claim 23, wherein the ping-pong buffer
comprises two arbitrators respectively connecting the first memory and the second
memory with the processors; and wherein the arbitrators control the processors to

access the first memory or the second memory.
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