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(67) A condition-responsive control arrangement for facilities, e.g in an automated factory, provides for receiving
status signals from the facilities and delivering command signals responsive to the status signals to the facilities.
Upon the generation of a status signal, the identity number of a rule set (control fogic) for use is determined; a
corresponding internal code (Fig. 3b) is generated from the status signal on the basis of look-up data stored in
memory means; the corresponding coded rules are read out from another memory means on the basis of the identity
number of the rule set; the internal code of a final control command is decided by referring to a further memory
means (50, Fig. 5B) which stores codes of conclusions formed on the basis of the coded status signals and the applied
coded rules; and the command signal for a facility is generated from the internal code of the decided control
command by referring to the stored look-up data. The use of internal codes provides faster data processing than in

prior art arrangements using character strings.
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SPECIFICATION
Facilities control method

Background of the invention

The present invention relates to a facilities control method. More particularly, it relates to a facilities control

method performing a condition discriminative control in which the statuses of a plurality of facilities in an
automated factory or the like are put in a computer, conditions are judged in accordance with predetermined
control logics, and when the conditions have held, control commands specified by the control logics are
issued to the respective facilities.

Description of the Prior Art:

In an FA (Factory Automation) system, it is desirable that the alterations of manufacturing process facilities
attendant upon the change of the quantity of articies to be produced or the change of the product kind itself
can be done simply and rapidly.

The Applicant has therefore proposed “Facilities Control Method"” easy of the performance and alterations
of a facilities control, which has been applied for patents in U.S. etc. Since this method processes character
strings by storing them in a work table as they are, the processing is simple. However, the processing time is
too long, and the method has had the disadvantage of being unusable for a controlled system which requires
a quick control response.

In the above method, control logics are described as a plurality of condition — conclusion parts called
iIF~ THEN rules, each of which consists of a condition part (IF part) descriptive of a condition to be judged
and a conclusion part (THEN part) descriptive of a control content to be executed or a content to be
presumed when the condition is met. This method permits the easy performance of the condition
discriminative control for such reasons (i) that the IF— THEN rules can be stated with any desired character
strings, or in Japanese, and (ii) that merely by itemizing the condition — conclusion pairs by the IF—- THEN
rules, the control content to be executed can be decided automatically by applying the conclusion of any rule
to the condition judgemen of another ruie.

In order to realize the items (i) and {ii}, the facilities control method adopts a method in which the control
content to be finally executed is decided by repeating the processing of first converting the statuses of the
facilities into the character string which is stored in the work table, subsequently judging the condition of the
IF part of the rule by the pattern matching between the character string of the [F part and the character string
in the work table, and writing the character string of the THEN part as the conclusion into the work table
anew when the condition is met.

This method is simple in the processing, but itinvolves problems as stated below:

(i) Since the pattern matching is performed using the whole character string as it is, the processing
requires a long time. ]

(ii) Injudging the coincidence of the character string of the IF part and writing the character string of the
THEN part, all the character strings stored in a character string storing table are checked, so that a large
number of useless pattern matching operations are performed.

For these reasons, in the condition discriminative control, a considerable processing time is needed since
the reception of the statuses of the facilities till the generation of control commands. it has accordingly been
impossible to apply the above method to the controlled system of which a quick control response is
required.

Summary of the invention

An object of the present invention is to solve such problems, and to provide a facilities control method
which can easily perform a condition discriminative control and which is applicable even to the control of a
controlled system requiring a quick control response.

In order to accomplish the object, the present invention provides a facilities control method having arule
memory part which stores rules consisting of conditions and conclusions of facilities, a status memory part
which stores statuses of the facilities, job contents to be executed and contents concluded by the rules, and a
rule applying part which compares the information stored in the status memory part and the conditions
stored in the rule memory part and which stores the conclusions of the rules having had the conditions met
into the status memory part, thereby to decide control commands for the facilities; characterized in that
information items which represent the statuses of the facilities, the job contents to be executed by the
facilities and the contents concluded by the rules are expressed as code information, that they are coupled
by pointers for the same codes and thus stored in said status memory part, and that said rule applying part
performs comparison processing by tracing said pointers.

Brief description of the drawings
Figure 1is an explanatory diagram of a control command deciding system proposed previously;
Figure 2 is an explanatory diagram of the forms of [F— THEN rules;
Figure 3is an explanatory diagram of a method of turning a character string into an internal code,
illustrative of the principle of the present invention;
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Figure 4is a diagram showing examples of IF-~ THEN rules turned into internal codes by the method of
Figure 3;

Figures 5A and 58 are diagrams for explaining a case where internal codes in Figure 1 are stored into a
work table by the method of the present invention;

Figure 6 is a block arrangement diagram of a facilities control apparatus showing an embodiment of the
present invention;

Figure 7 is a detailed diagram of an input/output signal versus internal code information memory part;

Figure 8is a detailed diagram of an IF- THEN rule trigger event memory part;

Figure 9is a detailed diagram of an IF - THEN rule memory part;

Figure 10is a detailed diagram of an internal code memory part;

Figure 11 is a detailed diagram of a procedure information memory part;

Figure 12 is a functional block diagram of a control part;

Figure 13is an operating flow chart of the control part;

Figure 14 is a diagram showing the relationships among the functional blocks of a control command
deciding part and various tables;

Figure 15is an operating flow chart of the control command deciding part;

Figure 16is an operating flow chart of an AND logic combination generating part; and

Figure 17 is a diagram showing examples of creation of the combinations of variables meeting AND logic
which are created in the AND [ogic combination generating part.

Detailed description of the preferred embodiments

For the sake of comparisons with the present invention, the control command deciding method based on
the foregoing facilities control method will be first described with reference to Figure 1.

In Figure 1, (a) indicates rules which are some of rules for assigning job works to the work stations of an
automated factory, (b) a character string storing table, and (c) the search ranges of the table.

IF - THEN rules include three sorts of forms, the processing methods of which are respectively different.
This will be described later.

First, the statuses of facilities are written into the character string storing table 11 (from (work < 34 > is the
head of a queue) to (carrier < 1 > is empty)). Next, the pattern matching between (work < X > is the head of
a queue) which is the character string of the IF part of rule No. 1 and a character string in the character string
storing table 11 is performed (arrow (1) ). The matching is performed as to places other than those parts of
the character strings which are enclosed with < >. In this case, all the character strings stored in the
character string storing table 11 are checked. As indicated by (D in {(c) of Figure 1, the search range of the
table at the check extends to (carrier < 1 > is empty). The reason for checking all the character strings is that
a plurality of character strings of an identical kind might be written in the table 11. That is, character strings in
which characters except the parts enclosed with < > are the same, for example, (station < 1 > is empty) and
(station < 2 > is empty) are the character strings of the identical kind.

In Figure 1, No. 1 rule has a coincident character string existent in the character string storing table 11 and
the condition of the IF part thereof is met. Therefore, a character string (assign work < 3 > } which
corresponds to the character string of the THEN part expressive of a conclusion is written into the character
string storing table 11 anew (arrow @ ).

Herein, in order to prevent the identical conclusion from being written into a plurality of areas of the
character string storing table, the conclusion is written after it is acknowledged with a search range @ in (c)
that the same is not included in the character strings already existing within the character string storing table
11. Regarding rules No. 2 and No. 3, the same processing is repeated to successively store the conclusions of
THEN parts into the character string storing table 11. Since rule No, 2 includes a plurality of IF's, the
conclusion of the THEN part is supplementarily written upon acknowledging that the AND logic of them
holds.

Now, a method of coding a character string and a method of storing coded information on the basis of
pointer coupling will be stated in order to elucidate the principle of the present invention.

(a) and (b) in Figure 2 are diagrams showing the format of the character string of an IF— THEN rule and the
forms of IF~ THEN rules, respectively.

As shown in (a) of Figure 2, a character string which expresses a condition and conclusion to be described
in an iF- THEN rule is denoted as a character string enclosed with ( ). The character string is formed of fixed
parts 21 which are fixedly handled, and parameter parts 22 which are handled as constants or variables. Each
parameter part 22 is enclosed with < >. As shown in (b) of Figure 2, the IF part of the rule appoints after IF a
character string of the format illustrated in (a) of Figure 2. In case of specifying a plurality of conditions, a
plurality of IF (character string)’s are written in succession. The plurality of specified conditions are handled

60 as AND logic. In (b) of Figure 2, ..... denotes any desired character string, and  signifies that a plurality of

65

strings can be specified.

The THEN part of the rule appoints after THEN a character string of the format illustrated in (a) of Figure 2.
Inthe IF— THEN rule indicated as Form 3 in (b) of Figure 2, a character string is appointed following a
procedure name after THEN. In case of describing a plurality of conclusions, a plurality of THEN (character
string)’s are written in succession.
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IF—THEN rules include three sorts of forms shown in (b) of Figure 2, and these will now be described in
order.

(i) Rule of Form 1: Rule in which only constants of facility Nos., job names etc. are described in
parameter parts. In this form, the pattern matching with a character string in the work table is performed in

5 all the parts (both the fixed and parameter parts) of the character string of the IF part. A character string to be
supplementarily written in the work table is a character string as appointed in the THEN part.

{ii) Rule of Form 2: Rule which includes variables (W, X, Y, Z etc.) in parameter parts. A parameter part of
a constant may well exist. In this form, the pattern matching with a character string in the work table is
performed in those parts in the character string of the IF part which are other than the parameter parts

10 specifying the variables. Next, in all the matched character strings within the work table, the contents of
parameter parts corresponding to the parameter parts specifying the variables in the character string of the
IF part are temporatily stored as the values of variables. A character string to be supplementarily written in
the work table is such that the parameter parts specifying the variables in the character string of the THEN
part are replaced with only those of stored variable values which meet the AND logic of the plurality of

15 conditions of the IF part.

(i) Rule of Form 3: Rule in which, besides the rule of Form 2, a procedure name is specified and enclosed
with < > between the THEN and character string of the THEN part. Basically, the rule of this form is
subjected to the same processing as that of the rule of Form 2. In the rule of this form, immediately before
the character string of the THEN part is supplementarily written in the work table, control shifts to the

20 specified procedure. In this case, the variable value which meets the AND logic of the plurality of conditions
of the IF part is delivered as a subtrahend. In the procedure, such processing as maximum value selection
and numerical value operations is performed, and the control can be returned by changing the delivered
variable value. A character string to be supplementarily written in the work table is such that the variable
value changed by the procedure is incorporated in the corresponding parameter part of the THEN part.

25 Figure 3is an explanatory diagram of a method of turning a character string into an internal code.

In the character string which is appointed in the IF part or THEN part of the IF— THEN rule shown in Figure
2 and the character string which is stored in the work table, the fixed part 21 is merely an information for
distinguishing a certain character string and another character string in point of processing. In contrast, as to
the parameter part 22, the content itself becomes an information for deciding the operating command of the

30 facility. For these reasons, the internal code is formed by a method in which the information items of the
parameter parts 22 of the character string are handled as they are, and the fixed parts 21 are caused to
correspond to one numeric value.

(a) in Figure 3 shows the format of the original character string, while (b) in Figure 3 shows the format of
the internal code. ..... indicates any desired characters, 31 a numeric code, and 32 a parameter part.

35 Inthe system of Figure 3, first of all, the fixed parts 21 of the original character string are extracted, and one
numeric code 31 is caused to correspond to each character string pattern. Accordingly, when the character
string patterns of the fixed parts 21 are the same, the identical numeric code 31 is had. Next, after the
numeric code 31, the parameter parts 22 of the original character string are arrayed in the order of
appearance. These are called the parameter part 32. Owing to such internal code forming method, the

40 processing of the pattern matching may judge the coincidence of only the parameter part 32 as to the
character string of the same numeric code 31, and it can shorten the processing time as compared with the
case of judging the coincidence of the whole character string as in Figure 1.

Figure 4 is a diagram showing examples of IF— THEN rules turned into internal codes.

In Figure 4, the internal codes of the IF- THEN rules in (a) of Figure 1 are exemplified. Here, {work is the

45 head of a queue) is coded into numeric code 1, (assign work) into numeric code 2, (station is empty) into
numeric code 3, (job of work) into numeric code 4, (station is usable) into numeric code 5, (station is the job
alternative of work) into numeric code 6, and (operate on the less number station) into numeric code 7.

Figure A is an explanatory diagram illustrative of a method of storing the internal codes into the work
table or a method of storing coded information on the basis of pointer coupling. In addition, Figure 5B is a

50 diagram showing the pattern matching method and check ranges of the work table in correspondence with
Figure 1.

As shown in Figure 5A, in the present system, only the parameter parts 32 in the coded information are
taken out and are stored into the work table 50. In (a) of Figure 5A, the internal code information items of the
rules shown in Figure 4 are extracted and arrayed. The numeric codes in the internal codes of the IF parts are

55 X, while the numeric codes in the internal codes of the THEN parts are y.

As shown in (b) of Figure 5A, only the parameter parts 32 of the internal codes in (a) of Figure 5A except the
numeric codes x and y are stored into the work table 50. In this case, the parameter parts 32 having the same
numeric codes are coupled by pointers 51 and 52 and then stored in such a manner that which of the numeric
codes x and y the stored parameter parts 32 correspond to can be distinguished. That is, the head pointer 51

60 is provided for each of the different numeric codes x and y, and the corresponding parameter parts 32 are
stored ahead of the pointer 51. The parameter parts 32 having the same numeric codes are stored in the state
in which they are coupled by the continuing pointers 52. The last of the continuing parameter parts 32 is
indicated by the fact that the value of the continuing pointer 52 is “/0"".

Owing to this method, in the processing on the coincidence between the coded information of the IF part

65 of the IF~ THEN rule and the work table information, namely, the matching processing on the IF part, it is
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possible to first trace the head pointer 51 corresponding to the numeric code (X, y) specified in the IF part and
to sequentially process the parameter parts 32 stored in the work table 50.

Accordingly, in Figure 1, the search for the processing is conducted from the head of the work table 50,
whereas in Figure 5B, all the useless checks can be omitted. As apparent by comparing (c) of Figure 1 and {c)
of Figure 5B, the search range of the table 50 is much smaller in the latter than in the former. Likewise, as to
the checks of the existence of the same information in the case of supplementarily writing the coded
information of the THEN part into the work table 50, only the required minimum checks can be rendered
sufficient in such a way that the pointers 52 are sequentially followed from the head pointer 51 which
corresponds to the numeric code specified in the THEN part.

The present invention realizes a condition discriminative control on the basis of Figures 5A and 5B. It has
the function of converting the statuses of the facilities into the internal codes and storing them into the work
table in accordance with the foregoing method, the function of deciding control commands on the basis of
the rules turned into the internal codes and the information coupled by the pointers and stored in the work
table, and the function of converting the decided control commands into signals and sending the signals to
the respective facilities.

Figure 6 is a block arrangement diagram of a facilities control apparatus showing an embodiment of the
present invention.

The control apparatus is constructed of a memory part 601, a control part 602, facilities 603, status signal
lines 604 and command signal lines 605. The memory part 601 has a plurality of information memory parts,
namely, the areas of an input/output signal versus internal code information memory part 606, an IF— THEN
rule trigger event memory part 607, an [F— THEN rule memory part 608, an internal code memory part 609,
and a procedure information memory part 610. The memory part 601 is a part which stores the data of IF -
THEN rules turned into internal codes, the correspondence table of external signals and the internal codes,
etc. The control part 602 functions on the basis of the information stored in the memory part 601 to receive
status signals indicative of the statuses of the facilities 603 through the signal lines 604, to decide control
commands and to send control signals to the respective facilities 603 through the signal lines 605.

Figure 7 is a diagram for explaining the details of the /O signal - internal code information memory part
606 in Figure 6. Figure 7, (a) shows a correspondence table for input signals and the internal codes, while
Figure 7, {b) shows a correspondence table for the internal codes and output signals.

This memory part 606 is a part which stores information for the interface between the internal processing
and the external signals of the status signal lines 604, the command signal lines 605, etc. shown in Figure 6.

The input signal — internal code correspondence table 71 shown in (a) of Figure 7 is a table which stores
information for converting the signals of the status signal lines 604 into the internal codes to be handled in
the control part 602. The internal codes are the codes explained with reference to Figure 3.

This table 71 is constructed of a status signal line entry area which stores the entry addresses of the status
signal lines 604, a numeric code area which stores the internal codes expressive of facility statuses
corresponding to cases where signals have developed on the signal lines 604, and a parameter part area. On
the basis of the data of this table 71, the control part 602 accesses the respective status signal lines 604 and
prepares the corresponding internal codes when the signals are generated. The prepared internal codes are
stored into the internal code memory part 609. Here, in a case where the signals of the status signal lines 604
are binary information of ““on” and “off”’, the control part 602 derives the internal codes stored in the table
71, in the form left intact, whereby the internal codes are deemed to have been prepared. For example, the
internal code of address B in (a) of Figure 7 indicates such a case. In a case where the information items of
the status signal lines 604 are numeric information such as the read information of bar codes, the internal
codes to be prepared are such that the numeric information items are written as values into those parameter
parts of the internal codes stored in the table in which the variables (such as W, X, Y and Z). For example, the
internal code of address A in (a) of Figure 7 indicates such a case. More specifically, in a case where numeric
information 34 develops at the status signal line address A, the control part 602 prepares an internal code 1
< 34>".Theinternal code “1 < 34 >" indicates, for example, that work No. 34 has appeared at the head of a
work providing line in an automated factory.

Referring now to (b) of Figure 7, the internal code — output signal correspondence table 72 is a table which
stores information for sending control signals to the facilities 603 through the command signal lines 605 on
the basis of internal codes expressive of the control commands decided by the control part 602. The internal
codes expressive of the control commands are stored in the internal code memory part 609.

The table 72 is constructed of a numeric code area which stores the internal codes expressive of the
control commands, a parameter part area, and a command signal line entry area which stores the entry
addresses of the command signal lines 605 to send the control commands. The contro! part 602 compares
the internal code expressive of the decided control command with the internal codes stored in this table 72
and delivers a signal to the command signal line 605 corresponding fo the coincident internal code. in that
case, when the variable (such as W, X, Y or Z) is not specified in the parameter part in the internal code stored
in the table 72, the binary signal of “on’’ or ““off" is outputted to the corresponding signal line address. As the
case of providing the binary signal, there is address D in (b) of Figure 7 by way of example. On the other
hand, when the variable is specified, the value of the parameter corresponding to the variable in the internal
code expressive of the decided control command is delivered to the signal line address. For example, when

the internal code expressive of the decided control commandis “9<1> < 34> <i>", signal line address
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Cis supplied with values 34 and 1 in this order. The internal code /9 < 1> < 34> < 1>" signifies, for
example, the control command which instructs a carrier 1 in the automated factory to transfer work No. 34 to
station 1.

Figure 8 is a detailed explanatory diagram of the IF- THEN rule trigger event memory part 607 in Figure 6.
Figure 8, {a) shows a rule set trigger condition table, while Figure 8, (b) shows a storage area for No. of a rule
set to be used.

The memory part 607 is a part which stores information for appointing a series of rules to be triggered in
correspondence with the statuses of the facilities having arisen. Here, *‘to be triggered” is intended to mean
"to be used when the control part 602 decides the control commands’’. For example, in the control of the
automated factory, when a work has appeared at the head of the work providing line, a rule set for assigning
the work to a work station is triggered, and a transfer command for a carrier and a job command for the work
station are decided.

In addition, when a job has been completed in a certain work station, a rule set for carrying out a product is
triggered, and a fabricated-article carry-out command for a carrier is decided. The rule set trigger condition
table 81 is a table which stores information for appointing rule sets to be triggered corresponding to the
respective statuses of the facilities 603 developed, as stated before. This table 81 is constructed of a status
signal line entry area which stores the entry addresses of the status signal lines 604 corresponding to the
arising facility statuses to be monitored, and a trigger rule set No. area which appoints Nos. of rule sets to be
triggered when signals have developed on the signal lines 604. The used rule set No. storage area 82 is an
area which stores No. of a rule set to be used for the control command decision by the control part 602. The
control part 602 is polling the respective status signal lines 604 on the basis of the data of the rule set trigger
condition table 81. Upon the occurrence of the signal, trigger rule set No. corresponding to the particular
signal line 604 is stored into the used rule set No. storage area 82, whereupon the next processing is shifted
to.

Figure 9 is a detailed explanatory diagram of the IF— THEN rule memory part 608 in Figure 8. Figure 9, (a)
shows a rule set directory, while Figure 9, (b) shows a rule table.

The memory part 608 is a part which stores information on the IF— THEN rules descriptive of control
logics. Since the present invention handles the IF~ THEN rules in the form of internal codes, the IF- THEN
rules turned into the internal codes are stored in the memory part 608. The rules to be stored are sorted into
respective rule sets such as a rule set for assigning a work to a work station and a rule set for carrying out a
product.

The rule set directory 91 is constructed of a rule set head position area which appoints the head positions
of the respective rule sets on the rule table 92 storing the IF- THEN rules, and a rule set last position area
which appoints the last positions thereof. For each rule set, the rules are stored between the head position
and the last position. Nos. of the respective rule sets correspond to Nos. of the rows of the rule set directory
91.

In the rule table 92, each rule has the IF part and the THEN part divided, and the internal codes thereof are
respectively stored in an IF part area and a THEN part area. Each area can store a plurality of internal codes.
Further, the IF part area consists of a numeric code area for storing the numeric codes 31 of the internal
codes and a parameter part area for storing the parameter parts 32 thereof. The THEN part area includes a
numeric code area for storing the numeric codes 31 of the internal codes and a parameter part area for
storing the parameter parts 32 thereof, and besides, a procedure name area for storing procedure names in
the IF- THEN rules of Form 3. Here, ““rule Type” is an information for distinguishing a rule for finally deciding
the control command, from the other rules, and it is specified in a rule Type area. The rule to finally decide
the control command is given 1", while the other rules are given “0"". These information items are used for
discerning which of conclusions expresses the control command to be finally obtained, when the control
part 602 successively forms the conclusions (internal codes) of the THEN parts in the processing of deciding
the control command.

Figure 10 is a detailed explanatory diagram of the internal code memory part 609 in Figure 6. (a) of Figure
10 shows a head pointer table, a parameter part storing table and a continuing pointer table; (b) thereofa
control command storing table; (c) thereof a variable value temporarily storing table; and (d) thereof an AND
logic meeting variable value-storing table.

This memory part 609 is a part for storing such information as the conclusions (internal codes) of the THEN
parts which are successively formed, and the control command {internal code) which is finally decided,
when the control command is decided on the basis of the internal codes expressive of the statuses of the
facilities received and the IF - THEN rules, and the values of variables which are received when the IF- THEN
rules of Forms 2 and 3 including the variables are processed. The parameter part storing table 101, the head
pointer table 102 and the continuing pointer table 103 are work tables for storing by the method shown in
Figure 5A the conclusions which are sequentially formed in the processing of the internal codes expressive
of the statuses of the facilities externally received and the IF - THEN rules (among the internal codes
appointed in the THEN parts, those except the control command finally decided). The parameter part storing
table 101 is a table which stores the parameter parts 32 of the respective internal codes. The continuing
pointer table 103 is a table which stores the continuing pointers 52 that couple the parameter parts 32 of the
internal codes having the same numeric codes 31. The rows of the continuing pointer table 103
corresponding to those of the parameter part storing table 101 store the positions of those rows of the
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parameter part storing table 101 in which the parameter parts 32 of the next continuing internal codes are
stored. The last of the continuing parameter parts 32 is indicated by storing zero in the continuing pointer
table 103. In addition, the head pointer table 102 is a table which stores the head pointers 51. The head
pointer 51 indicates the head of the parameter parts 32 of the internal codes having the same numeric codes
31 as coupled by the continuing pointers 52. The rows of the head pointer table 102 correspond to the
respective numeric codes 31. That is, numeric code 1 is at the first row, numeric code 2 is at the second row,
and numeric code 3 is at the third row. The position of the head row of one series of parameter parts 32
having the same numeric codes 31 as stored in the parameter part storing table 101 is stored in the head
pointer table 102. The head row of the empty areas of the parameter part storing table 101 is stored in an
empty area head pointer area 104, all the empty areas are coupled by pointers, and the pointer information is
stored in the continuing pointer table 103, so as to manage empty area positions.

The control command storing table 105 shown in (b) of Figure 10 is a table which stores the internal codes
expressive of the control commands finally decided by the control part 602. This table 105 consists of a
numeric code area which stores the numeric codes of the internal codes of the decided control commands,
and a parameter part area which stores the parameter parts thereof. The variable value temporary storage
table 106 in (c) of Figure 10 and the AND logic meeting variable value storage table 107 in (d) thereof serve to
process the [F~ THEN rules of Forms 2 and 3. When the judgement has been made on the coincidence
between any desired internal code specified in the IF part of a rule and the internal codes stored in the work
tables (head pointer table 102, parameter part storage table 101, continuing pointer table 103), the variable
value temporary storage table 106 stores the parameter value of the parameter part 32 of that one of the
internal codes stored in the work tables which coincides with the internal code specified in the IF part of the
rule, the aforementioned parameter value being received as the value of the corresponding variable of the
parameter part 32 of the internal code of the IF part of the rule. Whether or not any of the internal codes
stored in the work tables coincides with the internal code specified in the IF part of the rule is judged by the
use of the numeric code 31 of the internal code and the parameter part 32 thereof except parameters
specifying variables. The AND logic meeting variable value storage table 107 is a table which stores those of
the received variable values meeting the AND logic of the IF part.

Figure 11 is a detailed explanatory diagram of the procedure memory part 610 in Figure 6.

This memory part 610 is a part for storing the bodies and entry addresses of the procedures which are
nominated in the IF— THEN rules of Form 3. A procedure entry table 111 consists of a procedure name area
which stores the procedure names, and a procedure entry area which stores the entry addresses of the
procedures. The respective procedures 112 are stored in entry address positions appointed in the procedure
entry table 111.

Figure 12 is a functional block diagram of the control part 602 in Figure 6.

The control part 602 is constructed of a rule set trigger condition judging part 121, a facility status internal
code generating part 122, a control command deciding part 123, and a control command signal generating
part 124. In the flow of information, numeral 1201 designates a status signal, numeral 1202 rule set No.,
numeral 1203 the internal code of a facility status, numeral 1204 the internal code of a control command, and
numeral 1205 a command signal.

Figure 13 is an operating flow chart of the control part 602.

The operations of the control part 602 will now be described in accordance with the flow of Figure 13,
reference being had to the arrangements of Figures 7 to 12.

When the control part 602 has started operating, the polling of the status signal lines 604 is first initiated by
the rule set trigger condition judging part 121. That is, the rule set trigger condition judging part 121
successively accesses the signal lines of the status signal line entries stored in the rule set trigger condition
table 81, to check if a signal is generated or not (box 131). if any signal is not generated, the access of the
successive signal lines 604 is cyclically continued. If any signal is generated, the trigger rule set number 1202
specified in the rule set trigger condition table 81 in correspondence with the particular signal line 604 is set
in the area 82 for storing No. of a rule set to be used, and the facility status internal code generating part 122
is started (box 132). The facility status internal code generating part 122 first clears the head pointer table 102
to zero and sets the value of the empty area head pointer area 104 at“1"". That is, the pointer is set at the
head of the parameter part storage table 101. Further, the continuing pointer table 103 is.set so that all the
rows of the parameter part storage table may be coupled from the first row by the pointers. In other words,
the status is established in which no internal code information is stored in the work tables (head pointer table
102, parameter part storage table 101, continuing pointer table 103). Subsequently, the signal lines of the
status signal line entries stored in the input signal — internal code correspondence table 71 are successively
accessed; the internal code (numeric code and parameter part) is generated for the signal line generating a
signal, the internal code being specified in correspondence with the particular signal line in the input signal -
internal code correspondence table 71 (refer to Figure 7); the internal code is stored into the work tables; and
the control command deciding part 123 is started (box 133). Here, the storage of the generated internal code
into the work tables is executed as follows. First, the pointer of the row of the head pointer table 102
corresponding to the numeric code 31 of the generated internal code is traced, and whether or not the
parameter part coincident with that 32 of the generated internal code is stored in the parameter part storage
table 101 is checked by tracing the pointers of the continuing pointer table 103. When the coincident
parameter part is already existent, no action is taken. When it is not existent, that row of the parameter part
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storage table 101 which the last of the traced pointers points (the continuing pointer before becoming zero
points) is coupled to the row of the head of the empty areas. That is, the value of the empty area head pointer
area 104 is set in that row of the continuing pointer table 103 which corresponds to the particular row. Next,
the parameter part 32 of the generated internal code is stored into the row of the head of the empty areas,

5 and the particular row is rendered the last row. In other words, zero is set in that row of the continuing
pointer table 103 which corresponds to the particular row. in addition, the empty area head pointer area 104
is set at the row of the next empty area. The control command deciding part 123 decides an internal code
representative of the control command by a process to be described later and stores it into the control
command storage table 105, whereupon the control command signal generating part 124 is started {box

10 134). Unless the statuses of the facilities satisfy the condition of the control logic described by the IF- THEN
rule, nothing is stored into the control cornmand storage table 105. The control command signal generating
part 124 first checks whether or not the internal code of the control command is stored in the control
command storage table 105.

When nothing is stored, the rule set trigger condition judging part 121 is started without any processing, to

15 start the polling again (box 131). When the control command internal code is stored, it is compared with the
internal code stored in the internal code — output signal correspondence table 72, and the signal is generated
for the signal line of the corresponding command signal line entry of the coincident row (refer to Figure 7).
After the above signal generation processing has been performed for all the internal codes stored in the
control command storage table 105, the rule set trigger condition judging part 121 is started (box 135), and

20 the polling is started again (box 131).

Figure 14 is a diagram which shows the relationships of functional blocks and tables within the control
command deciding part 123 in Figure 12.

In Figure 14, solid lines indicate the flows of controls, and thick lines the flows of information. The control
command deciding part 123 consists of a control part 141 for deciding the control command, a condition

25 judging part 142, a part 143 for generating an AND logic combination, an intermediate conclusion writing
part 145, and a control command writing part 146.

»> Figure 15 is an operating flow chart of the control command deciding part 123 in Figure 14.
When the control command deciding part 123 has been started, the control is first delivered to the control
command decision controlling part 141. Using the other functional blocks, the control command decision

30 controlling part 141 decides the control command as stated below. The control command decision
controlling part 141 first clears the control command storing table 105 (box 151), and on the basis of rule set
No. stored in the used rule set No. storing area 82, it obtains from the rule set directory 91 the head and last
positions in the rule table 92 for the rule to be used {box 152). The subsequent processing is executed for
only the rule between the head and last positions.

35 Until any new rule no longer requires to supplement the internal code of the THEN part into the work
tables, the control command decision controlling part 141 repeats the following processing for each of all the
rules of rule Type 0 in the rule table 92 (box 1514). When there is no new rule requiring the supplement, the
following processing is further repeated for each of all the rules of Type 1 in the rule table 92 (box 1515),
whereupon the control command signal generating part 124 is started. The control command decision

40 controlling part 141 takes out a certain rule, and performs processing on each internal code specified in the IF
part of the rule. The condition judging part 142 is first called, and it judges the coincidence between one of
the internal codes of the IF part of a certain rule and an internal code stored in the set of the work tables {(box
163). The condition judging part 142 first traces the pointer of the row of the head pointer table 102
corresponding to the numeric code 31 of the internal code of the IF part and then traces the pointers of the

45 continuing pointer table 103 in succession until the continuing pointer value becomes zero. Thus, it checks
whether or not the parameter part coincident with the parameter part 32 of the internal code of the IF part is
stored in the parameter part storing table 101. The judgement on the coincidence is done by the use of the
parameter part 32 of the internal code of the IF part except the parameter parts specifying variables. In case
of the coincidence, the value of the parameter of the parameter part in the parameter part storage table 101

50 corresponding to the parameter specifying the variable is stored into the variable value temporary storage
table 106 as the value of the variable specified in the IF part. In this case, each time the parameter part
coincident with that 32 of the internal code of the IF part is found in the parameter part storage table 101, the
variable value is stored, and such parameter parts are successively stored in the respective rows of the
variable value temporary storage table 106. In the case (rule of Form 1) where no variable is specified in the

56 parameter of the parameter part 32 of the internal code of the IF part, no variable value is especially stored. In
a case where, as the result of the above, no parameter part is coincident, the control command decision
controlling part 141 extracts the next rule and begins the condition judgement again (box 154). In a case
where any parameter part is coincident; if the parameter part 32 of the internal code of the IF part having
now been judged on the coincidence includes a parameter specifying a variable, the AND logic combination

60 generating part 143 is called and generates the combination of variable values meeting the AND logic of the
IF part in conformity with a process to be described later (box 156). The result of the combination is stored in
the AND logic meeting variable value-storing table 107. On this occasion, when there is no combination of
the variable values meeting the AND logic, the control command decision controlling part 141 discards the
rule being now processed, and it extracts the next rule so as to begin the condition judgement again (box

65 157). f the parameter part 32 of the internal code of the IF part having now been judged on the coincidence
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includes no parameter specifying a variable, the above processing is not executed (box 155). After the
control command decision controlling part 141 has performed the processing thus far described for all the
internal codes specified in the IF part of the certain rule, it shifts to the next processing (box 158). First, the
control command decision controlling part 141 extracts one internal code of the THEN part of the rule being
now processed. in a case where a procedure name is nominated for the internal code in the rule table 92, the
control command decision controlling part 141 calls a procedure triggering part 144 so as to trigger a
nominated procedure (box 1510). In a case where no procedure name is nominated, the procedure triggering
part 144 is not called (box 159). The procedure triggering part 144 searches the entry address of the
procedure of the procedure name specified for the internal code, from the procedure entry table 111, and
calls the procedure of the address with the AND logic meeting variable value-storing table 107 as a minuend.
Within the procedure, the value of the AND logic meeting variable value-storing table 107 can be altered at
will. Subsequently, the control command decision controlling part 141 examines the type of the rule being
now processed (rule type in the rule table 92). In case of Type 0, the intermediate conclusion writing part 145
is called, and the extracted internal code of the THEN part of the rule being now processed is stored into the
set of the work tables (box 1511). In case of Type 1, the control command writing part 146 is called, and the
extracted internal code of the THEN part of the rule being now processed is stored into the control command
storing table 105 (box 1512). The control command decision controlling part 141 repeats the processing thus
far described for all the internal codes specified in the THEN part (box 1513). In a case where the parameter
part 32 in the internal code intended to be stored includes a parameter specifying a variable, the intermediate
conclusion writing part 145 creates an internal code in which the content of the parameter is replaced with
the corresponding variable value of a certain row stored in the AND logic meeting variable value-storing
table 107. On the other hand, in a case where the parameter part 32 includes no parameter specifying a
variable, the internal code intended to be stored is used as it is. Subsequently, the intermediate conclusion
writing part 145 stores the created internal code into the set of the work tables. The storage is done by the
same method as in the foregoing case where the internal code generated by the facility status internal code
generating part 122 is stored into the set of the work tables. On this occasion, as in the foregoing method,
when the internal code intended to be stored is already stored in the work tables, it is not stored anew. The
above processing is repeated for all the rows of the AND logic meeting variable value-storing table 107 in
which variable values are stored. Likewise to the intermediate conclusion writing part 145, the control
command writing part 146 first creates an internal code to be written. Subsequently, it stores the internal
code into the control command storing table 105 successively from the head thereof. In this case, if the
internal code to be stored is aiready existent in the control command storing table 105, it is not written anew.
As in the case of the intermediate conclusion writing part 145, the above processing is repeated for all the
rows of the AND logic meeting variable value-storing table 107 in which the variable values are stored.
Figure 16 is an operating flow chart of the AND logic combination generating part 143 in Figure 14.

The AND logic combination generating part 143 combines the combination (stored in the variable value
temporarily storing table 106) of the values of the variables received when the coincidence between the
certain internal code of the IF part and the internal code stored in the work tables has been judged anew and
the combination (stored in the AND logic meeting variable value-storing table 107) of the values of the
variables meeting the AND logic in the internal codes of the IF parts which have the coincidence judged
before, to prepare anew the combination of the values of variables meeting AND logic when the internal
codes subjected to the coincidence judgements are also included (the prepared combination is stored into
the AND logic meeting variable value-storing table 107 again). More specifically, as.shown in Figure 186,
whether or not AND logic is met is judged for all the combinations between the rows of the variable value
temporarily storing table 106 and the rows of the AND logic meeting variable value-storing table 107 (box
161). When the AND logic is met, the combination of variable values meeting the AND logic is created anew
and is temporarily stored (box 162). Lastly, the new combination of the variable values stored temporarily is
stored into the AND logic meeting variable value-storing table 107 again (box 163). Here, the case where the
AND logicis met is a case where, on the side of the variable value temporarily storing table 106 and the side
of the AND logic meeting variable value-storing table 107, the variables of an identical variable name have a
coincident value, or either of the variables has no value (that is, it is blank). The combination of the variable
values meeting also the new AND logic is created in such a way that, in one combination meeting the AND
logic between the row of the variable value temporarily storing table 106 and the row of the AND logic
meeting variable value-storing table 107, the variables having a coincident variable value are set at the
coincident value, while as to the variables either of which is blank, the blank variable is changed into the
value of the variable having this value.

Figure 17 is a diagram showing an example of creation of the combination of variables meeting AND logic.
{a) in Figure 17 shows the variable value temporarily storing table, and (b) and (c) in Figure 17 show the AND
logic meeting variable value-storing table.

In this example, the variable values (W = a, X = blank, Y = b, Z = blank) of the first row of the variable
value temporarily storing table and the variable values (W = blank, X = e, Y = b, Z = blank) of the first row of
the AND logic meeting variable value-storing table meet AND logic, so that the combination of the variable
values meeting the AND logic, W = a, X = e, Y = b and Z = blank, is created in the first row of the AND logic
meeting variable value-storing table anew.
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In this way, according to the present embodiment, various control logics can be simply described using
IF~ THEN rules, and information turned into internal codes on the basis of them is merely stored into the
respective tables of the memory part 601, whereby the condition discriminative controls of the various
control logics can be easily performed. Further, the alterations of the contents of the condition discriminative
controls attendant upon the change of a controiled system, the change of a control system, etc. can be
readily coped with by altering the IF- THEN rules. Further, the present embodiment can shorten a period of
time required for the pattern matching of character strings and a useless checking period of time attendant
upon work table searches. Besides, by disposing the rule set trigger condition table 81, it is permitted to
observe only the statuses of facilities requiring rule trigger, and the useless polling of signal lines can be
reduced. For these reasons, the processing time since the occurrence of a certain facility status till the
decision of a control command and the generation of the signal thereof is shortened as compared with that
in the prior art, and the invention is applicable even to the control of a controlled system of which a quick
control response is required. The operation of the control command deciding part 123 in the present
embodiment was simulated. As a result, the processing rate was enhanced 20 times or more over the prior
art, and the performance of several tens — hundred msec/decision could be fulfilled.

In the present embodiment, instead of polling the status signal lines by means of the control part 602, an
external interrupt may well be used as the trigger of a series of operations of the control part 602. In this case,
the control system of the present invention can be realized in such a way that an interrupt factor is assigned
to each facility status which is the condition of rule trigger and that No. of a rule set to be triggered is
appointed for each factor. Besides, when interrupt levels for the interrupt factors are specified in the rule set
directory 91, priority levels can be given to the decisions of control commands. Moreover, when some rows
of the head pointer table 102 are so set that the facility status internal code generating part 122 is not cleared
to zero at the beginning of the control command decision, some internal codes can be fixedly stored in the
set of work tables beforehand. This dispenses with the labor and time for receiving fixed conditions in the
facilities from the signal lines on each occasion, so that the processing rate can be more enhanced.

As described above, according to the present invention, the character strings of IF—- THEN rules and
character strings to be stored in a work table are handled in the form of codes. In addition, in case of storing
the coded information into the work table, the storage positions of information concerning the character
strings of the same kind are coupled by pointers. Therefore, the checks of the information in the work table in
the cases of judging the condition of an IF part and writing the conclusion of a THEN part may be performed
in only necessary places, which permits to shorten the period of time required for the pattern matching of the
character strings and to reduce the useless checks of the information in the work table, so that the processing
speed can be sharply enhanced over the prior art. Accordingly, a specialist for developing a program is
unnecessary even for the condition discriminative control of a controlled system requiring quickness, and a
control technician can readily perform a desired condition discriminative control by describing a control
system with {F — THEN rules by himself/herself.

CLAIMS

1. In afacilities control method having a rule memory part which stores rules consisting of conditions
and conclusions of facilities, a status memory part which stores statuses of the facilities, job contents to be
executed and contents concluded by the rules, and a rule applying part which compares the information
stored in the status memory part and the conditions stored in the rule memory part and which stores the
conclusions of the rules having had the conditions met into the status memory part, thereby to decide
control commands for the facilities;

a facilities control method characterized by comprising control means to perform a control of receiving
facility status signals expressive of the statuses of the facilities and delivering command signals responsive
to the status signals to the facilities, first memory means to store information of corespondence between the
status signals as well as the command signals and internal codes for internal processing by said control
means, second memory means to store information for specifying a series of rules to be triggered in
accordance with the statuses of the facilities having occurred, third memory means to store the rules turned
into internal codes, and fourth memory means to store internal codes of conclusions sequentially formed in
the process of deciding the control commands for the corresponding facilities on the basis of the internal
codes expressive of the statuses of the facilities having occurred and the internal codes expressive of the
rules, as well as internal codes finally decided,

said control means performing first processing of monitoring the facility status signals and setting, upon
the generation of the signal, No. of a rule set for use on the basis of the information stored in said second
memory means, second processing of generating the corresponding internal code from the generated
facility status signal on the basis of the correspondence information stored in said first memory means, third
processing of reading out the corresponding rules from said third memory means on the basis of No. of the
rule set having been set by the first processing and deciding the final control command by referring to the
information stored in said fourth memory means, and fourth processing of generating the command signal
for the facility from the internal code of the decided control command on the basis of the correspondence
information stored in said first memory means.

10

15

20

25

30

35

40

45

50

55

60



10  GB2139787 A

10

2. Afacilities control method according to Claim 1, wherein said fourth memory means comprises a first
table which stores parameter parts of the internal codes expressive of the statuses of the facilities having
occurred and the internal codes of the conclusions formed according to the rules, a second table which
stores continuing pointers for coupling on said first table the parameter parts of the aforementioned internal

5 codes having the same fixed parts, and a third table which stores head pointers for indicating the heads of
the series of parameter parts coupied by the continuing pointers for the respective same fixed parts.

3. Afacilities control method substantially as herebefore described with reference to Figures 3 to 17 of
the accompanying drawings.
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