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[DESCRIPTION] 

[TITLE OF INVENTION] 

SOFTWARE-TESTING DEVICE, SOFTWARE-TESTING SYSTEM, 

SOFTWARE-TESTING METHOD, AND PROGRAM 

[Technical Field] 5 

[0001] 

 The present invention relates to a software-testing device, a software-testing 

system, a software-testing method, and a program. 

 Priority is claimed on Japanese Patent Application No. 2017-27927, filed 

February 17, 2017, the content of which is incorporated herein by reference. 10 

[Background Art] 

[0002] 

 Several techniques in association with a test of a program executed by a 

programmable logic controller (PLC) have been proposed. 

 For example, Patent Literature 1 shows a verification support system for 15 

inspecting a sequence program that operates a PLC.  The verification support system 

converts the sequence program into a PLC sequence program described in a hardware 

description language.  In addition, the verification support system includes an execution 

model that is described in a hardware description language to execute a PLC function in 

a simulation manner, and a control target model described in a hardware description 20 

language to execute a function of the control target in a simulation manner.  In addition, 

the verification support system constitutes a virtual sequence control system, executes the 

PLC sequence program, and performs debugging. 

[Citation List] 

[Patent Literature] 25 
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[0003] 

[Patent Literature 1] 

 Japanese Patent No. 3018912 

[Summary of Invention] 

[Technical Problem] 5 

[0004] 

 Patent Literature 1 does not mention coverage.  In a case in which the coverage 

is low, there is a possibility that a bug may remain in a path which did not pass in the 

test. 

[0005] 10 

 The present invention provides a software-testing device, a software-testing 

system, a software-testing method, and a program capable of improving coverage in a 

test of a program executed by a PLC. 

[Solution to Problem] 

[0006] 15 

 According to a first aspect of the present invention, a software-testing device 

includes a conversion unit configured to convert a PLC program for operating a 

programmable logic controller into a general-purpose language program described in a 

general-purpose programming language, and a test execution unit configured to perform 

a test on the general-purpose language program. 20 

[0007] 

 The conversion unit may convert a description satisfying a predetermined 

condition among descriptions included in a comment in the PLC program into a 

description that is to be an execution target by the general-purpose language program. 

[0008] 25 
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 The conversion unit may convert the description satisfying the predetermined 

condition among the descriptions included in the comment in the PLC program into a 

description to be executed at a time of a test by the general-purpose language program. 

[0009] 

 The conversion unit may convert a first character string included in the comment 5 

in the PLC program into a description indicating a precondition for executing the 

general-purpose language program, and convert a second character string included in the 

comment in the PLC program into a description indicating a condition to be satisfied 

after the execution of the general-purpose language program, and the test execution unit 

may detect, as an error, a case in which an input to the general-purpose language program 10 

satisfies a condition of the input and an output of the general-purpose language program 

does not satisfy a condition of the output. 

[0010] 

 The software-testing device may include a range information acquisition unit 

configured to acquire range information indicating an assumption range of a value of a 15 

global variable included in the PLC program.  The test execution unit may detect a case 

in which the value of the global variable is out of the assumption range, as an error. 

[0011] 

 The test execution unit may perform the test using a symbol execution method. 

[0012] 20 

 The test execution unit may calculate a variable value in a case in which a path 

is executed for each of the paths equal to or less than a designated step number among 

the paths in the PLC program using the general-purpose language program, and may 

detect a case in which a variable value in any of the paths does not satisfy a condition 

indicated by the PLC program, as an error. 25 
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[0013] 

 The software-testing device may include a display unit configured to display the 

PLC program and showing an execution place in the general-purpose language program 

on display of the PLC program. 

[0014] 5 

 In a case in which the conversion unit converts a subroutine call in the PLC 

program into a description in the general-purpose language program, the conversion unit 

may add an entry condition indicated in a subroutine called by the PLC program in the 

general-purpose language program on a subroutine call side as a condition at a time of 

the subroutine call, and may add an exit condition indicated in the subroutine called by 10 

the PLC program in the general-purpose language program on a subroutine call side as a 

condition at a time of return from the subroutine call, and the test execution unit may 

perform a unit test of the general-purpose language program on the subroutine call side 

using the condition at the time of the subroutine call and the condition at the time of the 

return from the subroutine call. 15 

[0015] 

 In a case in which the test execution unit executes the test, the test execution unit 

may cut out the path that did not pass in the test and perform the test on the cut out path. 

[0016] 

 According to a second aspect of the present invention, a software-testing system 20 

includes any of the software-testing devices described above, a PLC simulation unit 

configured to execute the general-purpose language program converted from the PLC 

program by the software-testing device, and a control target simulation unit configured to 

simulate a control target by a PLC. 

[0017] 25 
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 According to a third aspect of the present invention, a software-testing method 

includes converting a PLC program for operating a programmable logic controller into a 

general-purpose language program described in a general-purpose programming 

language, and performing a test on the general-purpose language program. 

[0018] 5 

 According to a fourth aspect of the present invention, a program causes a 

computer to execute converting a PLC program for operating a programmable logic 

controller into a general-purpose language program described in a general-purpose 

programming language, and performing a test on the general-purpose language program. 

[Advantageous Effects of Invention] 10 

[0019] 

 According to the software-testing device, the software-testing system, the 

software-testing method, and the program described above, it is possible to improve 

coverage in a test of a program executed by a PLC. 

[Brief Description of Drawings] 15 

[0020] 

 Fig. 1 is a schematic block diagram showing a functional constitution of a 

software-testing device according to an embodiment. 

 Fig. 2 is a diagram showing an example of a process procedure in which a 

software-testing system performs a test of a PLC program according to the embodiment. 20 

 Fig. 3 is a diagram showing a first example of program conversion by the 

software-testing device according to the embodiment. 

 Fig. 4 is a diagram showing a second example of the program conversion by the 

software-testing device according to the embodiment. 

 Fig. 5 is a diagram showing a third example of the program conversion by the 25 
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software-testing device according to the embodiment. 

 Fig. 6 is a diagram showing an example of a global variable list according to the 

embodiment. 

 Fig. 7 is a diagram showing a fourth example of the program conversion by the 

software-testing device according to the embodiment. 5 

 Fig. 8 is a diagram showing a fifth example of the program conversion by the 

software-testing device according to the embodiment. 

 Fig. 9 is a diagram showing an example of modularization performed by a test 

execution unit according to the embodiment. 

 Fig. 10 is a schematic block diagram showing an example of a functional 10 

constitution of the software-testing system according to the embodiment. 

[Description of Embodiments] 

[0021] 

 Hereinafter, an embodiment of the present invention will be described, but the 

following embodiment does not limit the invention according to the claims.  In addition, 15 

not all combinations of features described in the embodiment are essential to the solution 

of the invention. 

 Fig. 1 is a schematic block diagram showing a functional constitution of a 

software-testing device according to the embodiment.  As shown in Fig. 1, the 

software-testing device 100 includes a communication unit 110, a display unit 120, an 20 

operation input unit 130, a storage unit 170, and a control unit 180.  The control unit 

180 includes a conversion unit 181 and a test execution unit 182. 

[0022] 

 The software-testing device 100 performs a test such as a bug detection on a 

program executed by a PLC.  Hereinafter, the program executed by the PLC is referred 25 
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to as a PLC program.  In addition, a description language of a source code of the PLC 

program is referred to as a PLC language.  As the PLC language, for example, a ladder 

(LD) language, a sequential function chart (SFC), a function block diagram (FBD), and a 

structured text (ST) can be exemplified.  The ladder language is also referred to as a 

ladder logic or simply a ladder.  The function block diagram is also referred to as a 5 

function block. 

 However, a programming language that is to be a test target by the 

software-testing device 100 is not limited to these, and any programming language may 

be used as long as the programming language is a description language of the program 

executed by the PLC. 10 

[0023] 

 In a case of the PLC program, a test of a complex program cannot be performed 

sufficiently in the following points. 

 (1) It is not possible to carry out an exhaustive test. 

 In general program development, a test of a system including a program is 15 

performed sequentially from small units such as a unit test, a combinational test, a 

hardware connection test, and a system test. 

[0024] 

 In the unit test, for example, the test is performed for each part of the program, 

such as for each subroutine.  In the combinational test, the test is performed by 20 

combining a plurality of parts of the program, such as calling a subroutine from a main 

routine.  In the hardware connection test, the test is performed by installing a program 

on actual machine hardware.  The actual machine hardware referred to here is hardware 

that is actually used in the system.  In the system test, an operation test of the entire 

system is performed. 25 
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 On the other hand, in a case of the PLC language, an environment for 

performing the unit test and the combination test is generally not ready.  Therefore, in 

the test of the PLC program, a system test using an actual PLC is often performed from 

the beginning.  In this case, with regard to the unit test and the like, the system test is 

virtually performed by limiting a part of functions of the system. 5 

[0025] 

 In the unit test in the general program development, a white box test is often 

performed in which a test case is set so that coverage for the entire source code 

approaches 100% as far as possible.  The test case referred to here is a combination of 

inputs to the program. 10 

 It is possible to increase the coverage by selecting the combination of inputs so 

that all of the paths of the program are passed as much as possible. 

[0026] 

 In a case in which the program of the test target is complicated and the test case 

becomes large, techniques such as an automatic unit test, automatic generation of a test 15 

case, and verification of bug by a proof technique are used.  In the automatic unit test, 

the test environment automatically executes a number of automatically set test cases.  

The test environment referred to here is a system for testing, such as a computer that 

executes debugging software.  In the automatic generation of the test case, the test 

environment automatically generates the test case for achieving high coverage using a 20 

symbol execution method or the like, and automatically executes a test using the 

generated test case.  In the verification of a bug by the proof technique, the test 

environment logically analyzes the program and detects the bug or determines the 

presence or absence of the bug. 

[0027] 25 
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 On the other hand, in a case of the PLC program, as described above, in general, 

a unit test is not performed, and therefore, a white box test in the unit test is also not 

performed.  In particular, in a case of the PLC program, since the environment for 

carrying out the unit test or the like is not ready as described above, it is difficult to apply 

techniques such as the automatic unit test, the automatic generation of the test case, and 5 

the verification of the bug by the proof technique. 

 It may be conceived that a path in which a test is not performed remains in the 

program and a bug remains in the path by not performing the white box test in the unit 

test.  In this regard, in a case of the PLC program, it is not possible to sufficiently 

execute a test of a complex program. 10 

[0028] 

 (2) A method of testing the PLC program is limited. 

 In a case in which a program of a general-purpose language such as a C 

language is tested by a general computer such as a personal computer (PC), for example, 

various methods such as step execution, variable value monitoring, and program 15 

execution with overwriting of a variable value can be used.  The general-purpose 

language referred to here is a language that is not specialized for a specific application.  

In addition, the general computer referred to here is a computer that is not specialized for 

a specific application. 

[0029] 20 

 Differently from a case in which the program of the general-purpose language 

described above is debugged by the general computer, in general, a function and a 

command for the program test is not sufficiently prepared in the PLC and methods that 

can be used when testing the PLC program are limited.  In addition, differently from a 

case of the general-purpose language, in general, software for testing the PLC program 25 
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by the general computer is also not known.  Also in this regard, the methods that can be 

used when testing the PLC program are limited. 

 As described above, since the methods that can be used when testing the PLC 

program are limited, it is not possible to sufficiently execute the test of the complex 

program. 5 

[0030] 

 As described above, in the case of the PLC program, the software-testing device 

100 generally converts the source code of the PLC program (described in the PLC 

language) into a source code of a general-purpose language on a general computer and 

performs a test to cope with a problem in which it is not possible to sufficiently execute 10 

the test of the complex program.  That is, the software-testing device 100 converts the 

PLC program into the general-purpose language program at a source code level, and 

performs the test on the obtained general-purpose language program.  Therefore, the 

software-testing device 100 can perform a test of a program using various existing 

software. 15 

[0031] 

 For example, the software-testing device 100 converts a source code of an ST 

(structured text) into a source code of a C language on a personal computer.  Therefore, 

the software-testing device 100 can use existing software for testing the source code of 

the C language on the personal computer.  Thus, it is possible to sufficiently execute the 20 

test of the complicated program. 

 Furthermore, the software-testing device 100 provides a function for increasing 

accuracy of debugging as described later. 

[0032] 

 In the following, a case in which the software-testing device 100 is constituted 25 
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using a personal computer and the software-testing device 100 converts the source code 

of the ST into the source code of the C language will be described as an example.  

However, the general computer constituting the software-testing device 100 is not limited 

to a personal computer, and may be a computer to which existing software for a test of a 

program of a general-purpose language can be applied.  In addition, the PLC language 5 

targeted by the software-testing device 100 is not limited to the ST, and may be various 

PLC languages.  The language for which the software-testing device 100 converts the 

PLC program is not limited to the C language, and may be a language that can use 

existing software for performing the test of the source code of the language. 

[0033] 10 

 The communication unit 110 communicates with other apparatuses.  For 

example, the communication unit 110 may receive the source code of the ST that is the 

test target from a computer used as an editor of the PLC program. 

 The display unit 120 includes a display screen such as a liquid crystal panel or a 

light-emitting diode (LED) panel to display various images. 15 

 The operation input unit 130 includes, for example, an input device such as a 

keyboard and a mouse, and receives a user operation. 

[0034] 

 The storage unit 170 stores various pieces of data.  For example, the storage 

unit 170 stores the source code of the ST that is the test target, a grammar definition for 20 

the conversion unit 181 to perform a syntax analysis on the source code, a syntax tree 

obtained by the syntax analysis, the source code of the C language obtained by 

converting the source code of the ST by the conversion unit 181, and the like. 

 The storage unit 170 is constituted using a storage device included in the 

software-testing device 100. 25 
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[0035] 

 The control unit 180 controls each unit of the software-testing device 100 to 

execute various processes.  The control unit 180 is constituted by a central processing 

unit (CPU) included in the software-testing device 100 that reads a program from the 

storage unit 170 and executes the program. 5 

 The conversion unit 181 converts the source code of the ST into the source code 

of the C language. 

 The test execution unit 182 performs a test on the source code of the C language 

obtained by the conversion of the conversion unit 181.  The source code of the C 

language and the source code of the ST share the syntax tree, and each part of the source 10 

code of the C language is associated with each part of the source code of the ST.  

Therefore, in a case in which it is possible to specify a position of a bug on the source 

code of the C language, it is possible to specify a position of a bug on the source code of 

the ST. 

[0036] 15 

 Fig. 2 is a diagram showing an example of a process procedure in which the 

software-testing system 1 performs the test of the PLC program.  In the example of Fig. 

2, the conversion unit 181 functions as a parser generator 191, a parser 192, and a C 

language generator 193. 

 The parser generator 191 generates the parser 192 with reference to the grammar 20 

definition stored in the storage unit 170.  The grammar definition stored in the storage 

unit 170 may be described in a backus naur form (BNF), but is not limited to a specific 

expression form. 

[0037] 

 In a case in which the source code of the ST is input to the conversion unit 181, 25 
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the parser 192 performs parsing of the source code to generate the syntax tree.  The 

parser generator 191 does not have to generate the parser 192 every time the source code 

of the ST is input to the conversion unit 181, and the same parser 192 may perform 

parsing repeatedly. 

 In a case in which the parser 192 generates the syntax tree, the C language 5 

generator 193 uses the syntax tree to generate the source code of the C language. 

 The test execution unit 182 performs the test on the source code of the C 

language generated by the C language generator 193, and outputs a test result as a report. 

[0038] 

 Fig. 3 is a diagram showing a first example of program conversion by the 10 

software-testing device 100.  In the example of Fig. 3, a source code C11 of the ST is a 

source code before the conversion by the conversion unit 181, and a source code C12 of 

the C language is a source code after the conversion by the conversion unit 181.  The 

conversion unit 181 generates the source of the C language indicating the same operation 

as the source code of the ST, such as converting IF statement, CASE statement, and FOR 15 

loop of the ST into IF statement, CASE statement (SWITCH statement), and FOR loop 

of the C language, respectively. 

[0039] 

 As described above, the conversion unit 181 converts the PLC program into the 

general-purpose language program at the source code level.  In addition, the test 20 

execution unit 182 performs the test on the general-purpose language program obtained 

by the conversion. 

 The conversion unit 181 can efficiently perform the test using the existing test 

tool for the general-purpose language program by converting the PLC program into the 

general-purpose language program.  For example, the conversion unit 181 can 25 
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efficiently perform the test using the existing test tool for the C language by converting 

the source code of the ST into the source code of the C language on the personal 

computer. 

[0040] 

 Here, the conversion unit 181 may convert a part of the description included in 5 

the comment in the source code of the ST into a description that is to be an execution 

target by the source code of the C language. 

 Fig. 4 is a diagram showing a second example of the program conversion by the 

software-testing device 100.  In the example of Fig. 4, a source code C21 of the ST is a 

source code before the conversion by the conversion unit 181, and a source code C22 of 10 

the C language is a source code after the conversion by the conversion unit 181. 

[0041] 

 The conversion unit 181 converts a line L112 indicating calculation of a square 

root in the source code of the ST into a line L122 in which the same process by the 

source code of the C language is performed.  In addition, the conversion unit 181 15 

converts a comment of the source code C21 of the ST into the description of the 

execution target by the source code C22 of the C language. 

 In the source code C21 of the ST, a description (“(* ⋅⋅⋅*)”) sandwiched by 

parentheses and asterisks in lines L111 and L113 is treated as the comment.  Therefore, 

in the source code C21 of the ST, all of the lines L111 and L113 are out of the execution 20 

target.  On the other hand, the conversion unit 181 converts the line L111 into an IF 

statement starting from the line L121, and converts the line L113 into an IF statement 

starting from the line L123. 

[0042] 

 A description of “#ASSUME” and a conditional expression of the line L111 25 
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indicate a precondition in the software-testing device 100.  The precondition referred to 

here is a precondition for executing a program, such as a condition of an argument value 

and a condition of a global variable value in a subroutine when the subroutine is called.  

In a case of Fig. 4, a function Sqrt of the line L112 is a function that calculates the square 

root in a range of a real number.  Therefore, it is a precondition that a value of an 5 

argument x of this function is 0 or more.  Thus, in the line L111, “x ≥ 0” is shown as the 

precondition. 

[0043] 

 In addition, a description of “#ASSERT” and a conditional expression of the line 

L 113 indicate a post-condition in the software-testing device 100.  The post-condition 10 

referred to here is a condition to be satisfied after the execution of the program, such as a 

condition to be satisfied by a return value of the subroutine call.  In a case of the 

example of Fig. 4, in a case in which the function Sqrt is executed normally, a value of a 

variable y indicating a calculation result may be 0 or more.  Therefore, in the line L113, 

“y ≥ 0” is shown as the post-condition. 15 

[0044] 

 At the time of the test of the program, the software-testing device 100 

determines that there is a bug in a case in which the precondition is established and the 

post-condition is not established.  In a case in which the precondition is not established, 

it is not determined that there is a bug in either of a case in which the post-condition is 20 

established or a case in which the post-condition is not established. 

 In order to perform these tests, in a case in which there is the description of 

“#ASSUME” in the comment of the source code of the ST, the conversion unit 181 

converts this comment into a description indicating the precondition as the execution 

target rather than converting this comment into a comment of the C language. 25 
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[0045] 

 In the example of Fig. 4, the conversion unit 181 converts the line L111 into an 

IF-ELSE statement starting from the line L121.  In addition, the conversion unit 181 

provides the line L122 corresponding to the line L112 that is a substantial part of the 

source code C21 in THEN of the IF-ELSE statement.  The THEN of the IF-ELSE 5 

statement referred to here is a part executed in a case in which the IF condition is 

established. 

 In addition, the conversion unit 181 sets a case of ELSE as RETURN.  The 

RETURN indicates that this program is to be ended, and indicates returning to a caller in 

a case in which it is called from a main program.  Note that the source code C22 from 10 

“//” to the end of the line is treated as the comment and is not the execution target. 

[0046] 

 At the time of the test execution, the test execution unit 182 determines whether 

or not the precondition “x ≥ 0 ” is established at the line L121.  In a case in which the 

precondition is established, the test execution unit 182 executes the line L122 and the 15 

subsequent lines.  On the other hand, in a case in which the precondition is not 

established, the process by the test execution unit 182 proceeds to “else” of a line L126, 

and ends the program of the source code C22 without an error by a RETURN statement 

of a line L127. 

[0047] 20 

 In addition, in a case in which there is the description of “#ASSERT” in the 

comment of the source code of the ST, the conversion unit 181 converts the description 

into a description that indicates the post-condition as the execution target instead of 

converting the description into the comment of the C language. 

 In the example of Fig. 4, the conversion unit 181 converts the line L113 into an 25 
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IF-ELSE statement starting from the line L123.  The IF-ELSE statement starting from 

the line L123 is executed after the execution of the line L122 at THEN of the IF-ELSE 

statement starting from the line L121 that is IF-ELSE statement of the precondition.  

That is, the IF-ELSE statement starting from the line L123 is executed after the execution 

of line L122 that is a substantial part of the source code C22. 5 

[0048] 

 In addition, the conversion unit 181 sets the THEN of the IF-ELSE statement 

starting from the line L123 to null.  Therefore, in a case in which the post-condition is 

established at the time of the test execution, the test execution unit 182 ends the IF-ELSE 

statement as it is. 10 

 In addition, the conversion unit 181 sets a case of the ELSE of the IF-ELSE 

statement starting from the line L123 to abort (0).  The abort (0) here indicates a 

program execution interruption due to an error. 

[0049] 

 In a case in which the test execution unit 182 executes the line L122 at the time 15 

of the test execution, the test execution unit 182 subsequently executes the IF-ELSE 

statement starting from the line L123.  The test execution unit 182 determines whether 

or not the post-condition “y ≥ 0” is established at the line L123.  In a case in which the 

post-condition is established, the test execution unit 182 ends the IF-ESLE statement as it 

is described above.  On the other hand, in a case in which the post-condition is not 20 

established, the test execution unit 182 proceeds to “else” of a line L124, outputs an error 

at abort (0) of a line L125, and interrupts the execution of the program. 

[0050] 

 In a case in which a symbol execution tool in the general-purpose language 

corresponds to “assume” and “assert”, the conversion unit 181 may convert the 25 
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descriptions of #ASSUME and #ASSERT into an assume command and an assert 

command, respectively. 

 Fig. 5 is a diagram showing a third example of the program conversion by the 

software-testing device 100.  Lines L111, L112, and L113 of a source code C31 of the 

ST of Fig. 5 are similar to the lines L111, L112, and L113 of the source code C21 of the 5 

ST of Fig. 4. 

 The conversion unit 181 converts the lines L111, L112, and L113 of the source 

code C31 of the ST into lines L131, L132, and L133 of the source code C32 of the C 

language, respectively.  The assume statement of the line L131 indicates a branch due to 

the precondition.  Specifically, only in a case in which the precondition “x ≥ 0” is 10 

established, the line L132 and the subsequent lines are executed. 

 The line L132 indicates calculation of a square root similarly to the line L122 of 

Fig. 4. 

 The assert statement of the line L133 indicates the determination whether or not 

the post-condition is established.  Specifically, the test execution unit 182 detects a case 15 

in which the post-condition “y ≥ 0” is not established as an error. 

[0051] 

 As described above, the conversion unit 181 converts the description that 

satisfies the predetermined condition among the descriptions included in the comment in 

the PLC program into the description to be the execution target by the general-purpose 20 

language program.  This general-purpose language is used for the test.  Therefore, the 

conversion unit 181 converts the description that satisfies the predetermined condition 

among the descriptions included in the comment in the PLC program into the description 

that is executed at the time of the test by the general-purpose language program.  In the 

example of Fig. 4, each of including “#ASSUME” and the conditional expression, and 25 
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including “#ASSERT” and the conditional expression corresponds to examples of the 

predetermined condition. 

 Therefore, when creating the PLC program, a user can include the description 

for the test which satisfies the predetermined condition in the comment.  The 

software-testing device 100 can perform the test by converting the PLC program into the 5 

general-purpose language program and by reflecting the description for the test.  On the 

other hand, at the time of an actual operation when the PLC executes the PLC program, 

the description for the test can be treated as the comment and it is possible to perform an 

operation without being affected by the description for the test. 

[0052] 10 

 In addition, the conversion unit 181 converts the first character string included 

in the comment in the PLC program into the description of the precondition for executing 

the general-purpose language program, and converts the second character string included 

in the comment in the PLC program into the description that indicates the condition to be 

satisfied after the general-purpose language program execution.  In the example of Fig. 15 

4, the description of “#ASSUME” and the conditional expression corresponds to the 

example of the first character string, and the IF-ELSE statement starting from the line 

L121 corresponds to the example of the description of the precondition for executing the 

general-purpose language program.  In addition, in the example of Fig. 4, the 

description of “#ASSERT” and the conditional expression corresponds to the example of 20 

the second character string, and the IF-ELSE statement starting from the line L123 

corresponds to the example of the description of the condition to be satisfied after the 

general-purpose language program execution. 

 In addition, the test execution unit 182 detects a case in which the input to the 

general-purpose language program satisfies the condition of the input and the output of 25 
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the general-purpose language program does not satisfy the condition of the output as an 

error. 

 Therefore, the test execution unit 182 does not have to generate or select a test 

case in accordance with the program of the test target.  In this regard, the test execution 

unit 182 can perform the test in various test cases, and can improve the coverage rate. 5 

 The test execution unit 182 may perform the test using the symbol execution 

method.  Since the conversion unit 181 converts the source code of the ST into the 

source code of the C language, it is possible to use the existing tool for using the symbol 

execution method on the personal computer.  It is possible to improve the accuracy of 

the test by using the symbol execution method. 10 

[0053] 

 The display unit 120 may display the PLC program, and the execution place in 

the general-purpose language program may be shown on the display of the PLC program.  

For example, the display unit 120 displays the source code C21 of the ST of Fig. 4.  On 

the other hand, the test execution unit 182 performs the test using the source code C22 of 15 

the C language.  The source code of the ST and the source code of the C language are 

associated with each other by a common syntax tree as described with reference to Fig. 2, 

and the execution place in the source code of the C language and the execution place in 

the source code of the ST can be displayed in association with each other. 

 Since the display unit 120 shows the execution place in the source code of the 20 

ST, a user who is familiar with the ST can easily ascertain the execution place. 

[0054] 

 Alternatively, the number of search steps in bounded model checking may be 

described in the comment of the ST.  In addition, for each of paths of a designated 

number or less steps among the paths in the PLC program, the test execution unit 182 25 
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may calculate a variable value in a case in which the path is executed using the source 

code of the C language.  The test execution unit 182 detects a case in which the variable 

value in any of the paths does not satisfy the condition indicated by the PLC program as 

an error. 

 As described above, it is expected that a defect in the program can be 5 

automatically detected by the test execution unit 182 performing the bounded model 

checking. 

[0055] 

 In addition, the test execution unit 182 may compare the value of the global 

variable with the assumption range of the value of the global variable, and may detect a 10 

case in which the value of the global variable is out of the assumption range as an error. 

 Fig. 6 is a diagram showing an example of a global variable list.  In the 

example of Fig. 6, the global variable list is constituted as data of a table form, and a 

variable name, a type, a lower limit value, and an upper limit value of the global variable 

are stored.  This global variable list corresponds to an example of range information 15 

indicating the assumption range of the value of the global variable. 

[0056] 

 For example, the operation input unit 130 receives a user operation indicating 

the assumption range of the global variable.  The conversion unit 181 generates the 

global variable list on the basis of the range of the global variable indicated by the user 20 

operation.  Alternatively, the communication unit 110 may communicate with another 

apparatus to acquire the global variable list. 

 When converting the source code of the ST into the source code of the C 

language, the conversion unit 181 provides the description of the precondition and the 

description of the post-condition in the source code of the C language with reference to 25 
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the global variable list. 

[0057] 

 Fig. 7 is a diagram showing a fourth example of the program conversion by the 

software-testing device 100.  In the example of Fig. 7, in a source code C41 of the ST, 

neither the precondition nor the post-condition is described only in calculation of a 5 

square root of a line L141.  On the other hand, in a source code C42 of the C language, 

in addition to a line L153 corresponding to the line L141, lines L151 and L152 indicating 

preconditions of global variables and lines L154 and L155 indicating post-conditions of 

global variables are provided. 

 The conversion unit 181 provides a description of the preconditions of the lines 10 

L151 and L152 and a description of the post-conditions of the lines L154 and L155 with 

reference to the global variable of Fig. 6. 

[0058] 

 As described above, the operation input unit 130 acquires the range information 

indicating the assumption range of the value of the global variable included in the PLC 15 

program.  The operation input unit 130 corresponds to an example of the range 

information acquisition unit.  The test execution unit 182 detects a case in which the 

value of the global variable is out of the assumption range as an error. 

 As described above, by providing the precondition based on the global variable 

list in the source code of the C language, the test execution unit 182 does not have to 20 

generate or select a test case according to the program of the test target.  In this regard, 

the test execution unit 182 can perform the test in various test cases, and can improve the 

coverage. 

 In addition, by providing the post-condition in the source code of the C language, 

the test execution unit 182 can more reliably determine the presence or absence of a 25 
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defect of the program. 

[0059] 

 The conversion unit 181 may provide the precondition and the post-condition at 

a place of the program call such as a subroutine call. 

 Fig. 8 is a diagram showing a fifth example of the program conversion by the 5 

software-testing device 100.  In the example of Fig. 8, the conversion unit 181 converts 

source codes C51, C52, and C53 of the ST into source codes C54, C55, and C56 of the C 

language. 

 At the time of start and end of each of the source codes C51, C52, and C53 of 

the ST, there are settings of each of the preconditions and the post-conditions.  On the 10 

other hand, neither the precondition nor the post-condition is shown at the place of the 

subroutine call of the source code C51. 

[0060] 

 On the other hand, when the conversion unit 181 converts the source code C51 

into the source code C54, the conversion unit 181 sets the post-condition and the 15 

precondition at the place corresponding to the subroutine call. 

 Specifically, the conversion unit 181 converts a precondition Assume2 of a 

subroutine call destination into a post-condition Assert2 at a place immediately before the 

subroutine call of the source code C55.  In addition, the conversion unit 181 converts a 

post-condition Assert3 of the subroutine call destination into a precondition Assume3 at a 20 

place at the time of the return from the subroutine call of the source code C55. 

[0061] 

 Similarly, the conversion unit 181 converts a precondition Assume4 of the 

subroutine call destination into a post-condition Assert4 at a place immediately before the 

subroutine call of the source code C56.  In addition, the conversion unit 181 converts a 25 
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post-condition Assert5 of the subroutine call destination into a precondition Assume5 at a 

place at the time of the return from the subroutine call of the source code C56. 

 Furthermore, the conversion unit 181 replaces the subroutine call with a dummy 

code. 

[0062] 5 

 As described above, in a case in which the conversion unit 181 converts the 

subroutine call in the PLC program into the description in the general-purpose language 

program, the conversion unit 181 includes the entry condition indicated in the subroutine 

called by the PLC program in the general-purpose language program on the subroutine 

call side as the condition at the time of the subroutine call.  In addition, the conversion 10 

unit 181 includes the exit condition indicated in the subroutine called by the PLC 

program in the general-purpose language program on the subroutine call side as the 

condition at the time of the return from the subroutine call.  The test execution unit 182 

performs a unit test of the general-purpose language program on the subroutine call side 

using the condition at the time of subroutine call and the condition at the time of the 15 

return from the subroutine call. 

 As described above, since the test execution unit 182 performs the unit test of 

each of the source codes C54, C55, and C56, it is expected that the path of the program 

becomes relatively short, and the coverage is improved. 

[0063] 20 

 In addition, when the test execution unit 182 performs the test, a low coverage 

place may be modularized to perform a unit test.  The modularization referred to here 

constitutes a part of a program as one program. 

 Fig. 9 is a diagram showing an example of the modularization performed by the 

test execution unit 182.  All of source codes C61, C62, and C63 of Fig. 9 are source 25 
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codes of the C language. 

 The test execution unit 182 first performs the test of the source code C61 of the 

C language.  In a case in which the coverage of a portion P11 of the source code C61 is 

low in the test, the test execution unit 182 modularizes the portion P11.  The source 

code C63 is a source code obtained by modularizing the portion P11.  In addition, the 5 

test execution unit 182 replaces the portion P11 of the source code C62 with a dummy 

code. 

[0064] 

 Furthermore, the test execution unit 182 provides the precondition Assume2 and 

the post-condition Assert3 in the source code C63.  For example, the test execution unit 10 

182 extracts the precondition and the post-condition of the source code C63 using 

Symbolic Execution.  Alternatively, the test execution unit 182 may acquire information 

on the precondition and the post-conditions in response to an inquiry to the user. 

 In addition, the test execution unit 182 converts the precondition Assume2 

provided in the source code C63 into the post-condition Assert2 and provides the 15 

post-condition Assert2 immediately before the place where the modularization portion of 

the source code C62 is replaced with the dummy code.  In addition, the test execution 

unit 182 converts the post-condition Assert3 provided in the source code C63 into the 

precondition Assume3 and provides the precondition Assume3 immediately after the 

place where the modularization portion of the source code C62 is replaced with the 20 

dummy code. 

[0065] 

 As described above, when the test execution unit 182 executes the test, the test 

execution unit 182 cuts out a path that did not pass in the test, and performs the test on 

the cut out path. 25 



 26

 Therefore, the test execution unit 182 can perform the unit test on each of the 

source codes C62 and C63, and an improvement of coverage is expected. 

[0066] 

 Note that the test of the entire system including the PLC and the control target 

may be simulated by using the source code of the C language, which is generated by the 5 

software-testing device 100. 

 Fig. 10 is a schematic block diagram showing an example of a functional 

constitution of the software-testing system.  As shown in Fig. 10, the software-testing 

system 1 includes the software-testing device 100 and a control system simulation device 

200.  The control system simulation device 200 includes a second communication unit 10 

210, a second display unit 220, a second operation input unit 230, a second storage unit 

270, and a second control unit 280.  The second control unit 280 includes a PLC 

simulation unit 281 and a control target simulation unit 282. 

[0067] 

 The software-testing system 1 is a system that performs the test of the program 15 

from the unit test to a system test.  The software-testing device 100 among each of units 

of the software-testing system 1 is the same as the software-testing device 100 shown in 

Fig. 1, and the description thereof is omitted here. 

 The control system simulation device 200 performs the test of the entire system 

including the PLC and the control target by simulation.  The control system simulation 20 

device 200 is constituted using, for example, a general-purpose computer such as a 

personal computer. 

[0068] 

 The second communication unit 210 communicates with other apparatuses.  In 

particular, the second communication unit 210 communicates with the software-testing 25 
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device 100, and receives the source code of the C language converted from the source 

code of the ST by the software-testing device 100. 

 The second display unit 220 includes a display screen such as a liquid crystal 

panel or an LED panel to display various images. 

 The second operation input unit 230 includes, for example, an input device such 5 

as a keyboard and a mouse to receive a user operation. 

[0069] 

 The second storage unit 270 stores various pieces of data.  For example, the 

second storage unit 270 stores the PLC, a model for simulating the control target, and the 

source code of the C language received by the second communication unit 210 from the 10 

software-testing device 100. 

 The second storage unit 270 is constituted using a storage device included in the 

control system simulation device 200.  The second control unit 280 controls each unit of 

the control system simulation device 200 to execute various processes. 

 The second control unit 280 is constituted by the CPU included in the control 15 

system simulation device 200 that reads the program from the second storage unit 270 

and executes the program. 

[0070] 

 The PLC simulation unit 281 simulates the operation of the PLC.  Specifically, 

the PLC simulation unit 281 simulates the control for the control target by executing the 20 

source code of the C language which is converted by the software-testing device 100 by 

using the PLC model stored in the second storage unit 270. 

 The control target simulation unit 282 simulates the operation of the control 

target.  Specifically, the control target simulation unit 282 simulates the operation of the 

control target using the model of the control target stored in the second storage unit 270. 25 
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[0071] 

 As described above, since the software-testing device 100 converts the source 

code of the ST into the source code of the C language, the software-testing device 100 

can simulate the control by executing the source code on the personal computer using the 

source code of the C language, and can perform the system test by simulation. 5 

[0072] 

 Note that the processes of each unit may be performed by recording a program 

for realizing all or a part of the functions of the control unit 180 in a computer-readable 

recording medium, and causing a computer system to read and execute the program 

recorded in the recording medium.  Note that the “computer system” referred to here is 10 

presumed to include an OS or hardware such as a peripheral device.  In addition, the 

“computer system” also includes a homepage provision environment (or display 

environment) in a case in which a WWW system is used. 

 In addition, the “computer-readable recording medium” refers to a storage 

device such as a portable medium such as a flexible disk, a magneto-optical disc, a ROM, 15 

and a CD-ROM, or a hard disc that is installed inside the computer system.  

Furthermore, the “computer-readable recording medium” is also presumed to include a 

medium that dynamically stores a program for a short time, such as a communication line 

in a case of transmitting the program through a network such as the Internet or a 

communication line such as a telephone line, and a medium that stores a program for 20 

certain period of time, such as a volatile memory in a computer system that is a server or 

a client in that case.  In addition, the program described above may also be for realizing 

a part of the function described above.  Furthermore, the program may also be a 

program that can realize the function described above by combining a program that is 

already recorded in the computer system. 25 
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[0073] 

 The embodiment of the present invention has been described in detail with 

reference to the drawings, but the specific constitution is not limited to this embodiment, 

and design changes and the like without departing from the gist of the present invention 

are also included. 5 

[Industrial Applicability] 

[0074] 

 An embodiment of the present invention relates to a software-testing device 

including a conversion unit configured to convert a PLC program for operating a 

programmable logic controller into a general-purpose language program described in a 10 

general-purpose programming language, and a test execution unit configured to perform 

a test on the general-purpose language program. 

 According to the embodiment, it is possible to improve coverage in the test of 

the program executed by the PLC. 

[Reference Signs List] 15 

[0075] 

 1 Software-testing system 

 100 Software-testing device 

 110 Communication unit 

 120 Display unit 20 

 130 Operation input unit 

 170 Storage unit 

 180 Control unit 

 181 Conversion unit 

 191 Parser generator 25 
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 192 Parser 

 193 C language generator 

 182 Test execution unit 

 200 Control system simulation device 

 210 Second communication unit 5 

 220 Second display unit 

 230 Second operation input unit 

 270 Second storage unit 

 280 Second control unit 

 281 PLC simulation unit 10 

 282 Control target simulation unit 
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[CLAIMS] 

[Claim 1] 

 A software-testing device, comprising: 

 a conversion unit configured to convert a PLC program for operating a 

programmable logic controller into a general-purpose language program described in a 5 

general-purpose programming language; and 

 a test execution unit configured to perform a test on the general-purpose 

language program. 

[Claim 2] 

 The software-testing device of Claim 1, wherein the conversion unit converts a 10 

description satisfying a predetermined condition among descriptions included in a 

comment in the PLC program into a description that is to be an execution target by the 

general-purpose language program. 

[Claim 3] 

 The software-testing device of Claim 2, wherein the conversion unit converts the 15 

description satisfying the predetermined condition among the descriptions included in the 

comment in the PLC program into a description to be executed at a time of a test by the 

general-purpose language program. 

[Claim 4] 

 The software-testing device of Claim 2 or 3, wherein the conversion unit 20 

converts a first character string included in the comment in the PLC program into a 

description indicating a precondition for executing the general-purpose language 

program, and converts a second character string included in the comment in the PLC 

program into a description indicating a condition to be satisfied after the execution of the 

general-purpose language program, and 25 
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 the test execution unit detects, as an error, a case in which an input to the 

general-purpose language program satisfies a condition of the input and an output of the 

general-purpose language program does not satisfy a condition of the output. 

[Claim 5] 

 The software-testing device of any one of Claims 1 to 4, comprising: 5 

 a range information acquisition unit configured to acquire range information 

indicating an assumption range of a value of a global variable included in the PLC 

program, 

 wherein the test execution unit detects a case in which the value of the global 

variable is out of the assumption range, as an error. 10 

[Claim 6] 

 The software-testing device of any one of Claims 1 to 5, wherein the test 

execution unit performs the test using Symbolic Execution. 

[Claim 7] 

 The software-testing device of any one of Claims 1 to 5, wherein the test 15 

execution unit calculates a variable value in a case in which a path is executed for each of 

the paths equal to or less than a designated step number among the paths in the PLC 

program using the general-purpose language program, and detects a case in which a 

variable value in any of the paths does not satisfy a condition indicated by the PLC 

program, as an error. 20 

[Claim 8] 

 The software-testing device of any one of Claims 1 to 7, comprising: 

 a display unit configured to display the PLC program and showing an execution 

place in the general-purpose language program on display of the PLC program. 

[Claim 9] 25 
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 The software-testing device of any one of Claims 1 to 8, wherein, in a case in 

which the conversion unit converts a subroutine call in the PLC program into a 

description in the general-purpose language program, the conversion unit adds an entry 

condition indicated in a subroutine called by the PLC program in the general-purpose 

language program on a subroutine call side as a condition at a time of the subroutine call, 5 

and adds an exit condition indicated in the subroutine called by the PLC program in the 

general-purpose language program on a subroutine call side as a condition at a time of 

return from the subroutine call, and 

 the test execution unit performs a unit test of the general-purpose language 

program on the subroutine call side using the condition at the time of the subroutine call 10 

and the condition at the time of the return from the subroutine call. 

[Claim 10] 

 The software-testing device of any one of Claims 1 to 9, wherein, in a case in 

which the test execution unit executes the test, the test execution unit cuts out the path 

that did not pass in the test and performs the test on the cut out path. 15 

[Claim 11] 

 A software-testing system, comprising: 

 the software-testing device of any one of Claims 1 to 10; 

 a PLC simulation unit configured to execute the general-purpose language 

program converted from the PLC program by the software-testing device; and 20 

 a control target simulation unit configured to simulate a control target by a PLC. 

[Claim 12] 

 A software-testing method, comprising: 

 converting a PLC program for operating a programmable logic controller into a 

general-purpose language program described in a general-purpose programming 25 
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language; and 

 performing a test on the general-purpose language program. 

[Claim 13] 

 A program for causing a computer to execute: 

 converting a PLC program for operating a programmable logic controller into a 5 

general-purpose language program described in a general-purpose programming 

language; and 

 performing a test on the general-purpose language program. 


