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[DESCRIPTION]

[TITLE OF INVENTION]

SOFTWARE-TESTING DEVICE, SOFTWARE-TESTING SYSTEM,
SOFTWARE-TESTING METHOD, AND PROGRAM

[Technical Field]

[0001]

The present invention relates to a software-tgstevice, a software-testing
system, a software-testing method, and a program.

Priority is claimed on Japanese Patent Applicaon2017-27927, filed
February 17, 2017, the content of which is incoaped herein by reference.
[Background Art]

[0002]

Several techniques in association with a testmbgram executed by a
programmable logic controller (PLC) have been psagb

For example, Patent Literature 1 shows a veriboasupport system for
inspecting a sequence program that operates a PLRe verification support system
converts the sequence program into a PLC sequengeam described in a hardware
description language. In addition, the verificatgupport system includes an execution
model that is described in a hardware descripamgliage to execute a PLC function in
a simulation manner, and a control target modetrilgesd in a hardware description
language to execute a function of the control tairga simulation manner. In addition,
the verification support system constitutes a wirgequence control system, executes the
PLC sequence program, and performs debugging.

[Citation List]

[Patent Literature]



10

15

20

25

[0003]
[Patent Literature 1]

Japanese Patent No. 3018912
[Summary of Invention]

[Technical Problem]
[0004]

Patent Literature 1 does not mention coverage.a dase in which the coverage
is low, there is a possibility that a bug may remiaia path which did not pass in the
test.

[0005]

The present invention provides a software-tedfienjce, a software-testing
system, a software-testing method, and a prograalte of improving coverage in a
test of a program executed by a PLC.

[Solution to Problem]
[0006]

According to a first aspect of the present inv@mta software-testing device
includes a conversion unit configured to convePL& program for operating a
programmable logic controller into a general-pugplasguage program described in a
general-purpose programming language, and a testig&n unit configured to perform
a test on the general-purpose language program.

[0007]

The conversion unit may convert a descriptiors$gtig a predetermined
condition among descriptions included in a comnieiie PLC program into a
description that is to be an execution target leygeneral-purpose language program.

[0008]
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The conversion unit may convert the descriptidisiang the predetermined
condition among the descriptions included in theageent in the PLC program into a
description to be executed at a time of a teshbygeneral-purpose language program.
[0009]

The conversion unit may convert a first charasteng included in the comment
in the PLC program into a description indicatingracondition for executing the
general-purpose language program, and convertoageaharacter string included in the
comment in the PLC program into a description iatig a condition to be satisfied
after the execution of the general-purpose langpaggram, and the test execution unit
may detect, as an error, a case in which an impiltet general-purpose language program
satisfies a condition of the input and an outpuhefgeneral-purpose language program
does not satisfy a condition of the output.

[0010]

The software-testing device may include a rang@mation acquisition unit
configured to acquire range information indicatargassumption range of a value of a
global variable included in the PLC program. Tést £xecution unit may detect a case
in which the value of the global variable is outlté assumption range, as an error.
[0011]

The test execution unit may perform the test uaisgmbol execution method.
[0012]

The test execution unit may calculate a variablee/in a case in which a path
is executed for each of the paths equal to orthess a designated step number among
the paths in the PLC program using the generalgaapanguage program, and may
detect a case in which a variable value in anyefaths does not satisfy a condition

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

The software-testing device may include a dispiaiy configured to display the
PLC program and showing an execution place in #reepl-purpose language program
on display of the PLC program.

[0014]

In a case in which the conversion unit convedslaroutine call in the PLC
program into a description in the general-purpasguliage program, the conversion unit
may add an entry condition indicated in a subr@utalled by the PLC program in the
general-purpose language program on a subroutlhsida as a condition at a time of
the subroutine call, and may add an exit conditigiicated in the subroutine called by
the PLC program in the general-purpose languaggrano on a subroutine call side as a
condition at a time of return from the subroutiadl,and the test execution unit may
perform a unit test of the general-purpose langymggram on the subroutine call side
using the condition at the time of the subroutiak @nd the condition at the time of the
return from the subroutine call.

[0015]

In a case in which the test execution unit exectite test, the test execution unit
may cut out the path that did not pass in theardtperform the test on the cut out path.
[0016]

According to a second aspect of the present inwerd software-testing system
includes any of the software-testing devices dbsedrabove, a PLC simulation unit
configured to execute the general-purpose langpeggram converted from the PLC
program by the software-testing device, and a obtdarget simulation unit configured to
simulate a control target by a PLC.

[0017]
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According to a third aspect of the present inv@mta software-testing method
includes converting a PLC program for operatingagmmmable logic controller into a
general-purpose language program described ine@epurpose programming
language, and performing a test on the generalggerfanguage program.

[0018]

According to a fourth aspect of the present inienta program causes a
computer to execute converting a PLC program ferafing a programmable logic
controller into a general-purpose language progtastribed in a general-purpose
programming language, and performing a test ogémeral-purpose language program.
[Advantageous Effects of Invention]

[0019]

According to the software-testing device, thewsafe-testing system, the
software-testing method, and the program descibede, it is possible to improve
coverage in a test of a program executed by a PLC.

[Brief Description of Drawings]
[0020]

Fig. 1 is a schematic block diagram showing ational constitution of a
software-testing device according to an embodiment.

Fig. 2 is a diagram showing an example of a ppescedure in which a
software-testing system performs a test of a Pldgnam according to the embodiment.

Fig. 3 is a diagram showing a first example ofgoaon conversion by the
software-testing device according to the embodiment

Fig. 4 is a diagram showing a second exampleeoptbgram conversion by the
software-testing device according to the embodiment

Fig. 5 is a diagram showing a third example ofgh@gram conversion by the
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software-testing device according to the embodiment

Fig. 6 is a diagram showing an example of a glehahble list according to the
embodiment.

Fig. 7 is a diagram showing a fourth example efgghogram conversion by the
software-testing device according to the embodiment

Fig. 8 is a diagram showing a fifth example of pnegram conversion by the
software-testing device according to the embodiment

Fig. 9 is a diagram showing an example of modeddion performed by a test
execution unit according to the embodiment.

Fig. 10 is a schematic block diagram showing aang{e of a functional
constitution of the software-testing system aceaydo the embodiment.

[Description of Embodiments]
[0021]

Hereinafter, an embodiment of the present invenwidl be described, but the
following embodiment does not limit the inventioccarding to the claims. In addition,
not all combinations of features described in tmbediment are essential to the solution
of the invention.

Fig. 1 is a schematic block diagram showing afional constitution of a
software-testing device according to the embodimeAss shown in Fig. 1, the
software-testing device 100 includes a communioatiait 110, a display unit 120, an
operation input unit 130, a storage unit 170, andrarol unit 180. The control unit
180 includes a conversion unit 181 and a test dxecunit 182.

[0022]
The software-testing device 100 performs a test s$ a bug detection on a

program executed by a PLC. Hereinafter, the prageaecuted by the PLC is referred
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to as a PLC program. In addition, a descriptiogieage of a source code of the PLC
program is referred to as a PLC language. As H&IBnguage, for example, a ladder
(LD) language, a sequential function chart (SFGurection block diagram (FBD), and a
structured text (ST) can be exemplified. The laddeguage is also referred to as a
ladder logic or simply a ladder. The function Idakagram is also referred to as a
function block.

However, a programming language that is to bestetéeget by the
software-testing device 100 is not limited to thes®l any programming language may
be used as long as the programming language iscaipigon language of the program
executed by the PLC.

[0023]

In a case of the PLC program, a test of a complegram cannot be performed
sufficiently in the following points.

(2) It is not possible to carry out an exhaustes.

In general program development, a test of a systelading a program is
performed sequentially from small units such asiatest, a combinational test, a
hardware connection test, and a system test.

[0024]

In the unit test, for example, the test is perfednfior each part of the program,
such as for each subroutine. In the combinatitest) the test is performed by
combining a plurality of parts of the program, sashcalling a subroutine from a main
routine. In the hardware connection test, theisegerformed by installing a program
on actual machine hardware. The actual machirsgwaae referred to here is hardware
that is actually used in the system. In the sygest) an operation test of the entire

system is performed.
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On the other hand, in a case of the PLC languagenvironment for
performing the unit test and the combination tegidanerally not ready. Therefore, in
the test of the PLC program, a system test usirecaural PLC is often performed from
the beginning. In this case, with regard to the t@st and the like, the system test is
virtually performed by limiting a part of functioms the system.

[0025]

In the unit test in the general program develogmemwhite box test is often
performed in which a test case is set so that egeefor the entire source code
approaches 100% as far as possible. The testef@seed to here is a combination of
inputs to the program.

It is possible to increase the coverage by selgdttie combination of inputs so
that all of the paths of the program are passedugh as possible.

[0026]

In a case in which the program of the test talgebmplicated and the test case
becomes large, techniques such as an automatiteshiautomatic generation of a test
case, and verification of bug by a proof technigteeused. In the automatic unit test,
the test environment automatically executes a numbautomatically set test cases.
The test environment referred to here is a systertesting, such as a computer that
executes debugging software. In the automaticrgdéioe of the test case, the test
environment automatically generates the test aasachieving high coverage using a
symbol execution method or the like, and automHlyiexecutes a test using the
generated test case. In the verification of aliputhe proof technique, the test
environment logically analyzes the program andastthne bug or determines the
presence or absence of the bug.

[0027]
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On the other hand, in a case of the PLC progrardeacribed above, in general,
a unit test is not performed, and therefore, aevb@x test in the unit test is also not
performed. In particular, in a case of the PLCgpamn, since the environment for
carrying out the unit test or the like is not readydescribed above, it is difficult to apply
techniques such as the automatic unit test, th@aaitc generation of the test case, and
the verification of the bug by the proof technique.

It may be conceived that a path in which a teabisperformed remains in the
program and a bug remains in the path by not paifay the white box test in the unit
test. In this regard, in a case of the PLC progtiam not possible to sufficiently
execute a test of a complex program.

[0028]

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

In a case in which a program of a general-purfmsguage such asa C
language is tested by a general computer suclpassanal computer (PC), for example,
various methods such as step execution, varialile vaonitoring, and program
execution with overwriting of a variable value d@used. The general-purpose
language referred to here is a language that ispettialized for a specific application.

In addition, the general computer referred to lieeecomputer that is not specialized for
a specific application.
[0029]

Differently from a case in which the program of tyeneral-purpose language
described above is debugged by the general comjutggneral, a function and a
command for the program test is not sufficientlggared in the PLC and methods that
can be used when testing the PLC program are limitén addition, differently from a

case of the general-purpose language, in genefakase for testing the PLC program
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by the general computer is also not known. Alsthis regard, the methods that can be
used when testing the PLC program are limited.

As described above, since the methods that caisdxwhen testing the PLC
program are limited, it is not possible to suffitig execute the test of the complex
program.

[0030]

As described above, in the case of the PLC progtiaensoftware-testing device
100 generally converts the source code of the PioGram (described in the PLC
language) into a source code of a general-pur@ospibge on a general computer and
performs a test to cope with a problem in whiadl ot possible to sufficiently execute
the test of the complex program. That is, theveafe-testing device 100 converts the
PLC program into the general-purpose language progt a source code level, and
performs the test on the obtained general-pur@usguage program. Therefore, the
software-testing device 100 can perform a testmbgram using various existing
software.

[0031]

For example, the software-testing device 100 cdswaesource code of an ST
(structured text) into a source code of a C languaga personal computer. Therefore,
the software-testing device 100 can use existiftyvaoe for testing the source code of
the C language on the personal computer. Thisspiissible to sufficiently execute the
test of the complicated program.

Furthermore, the software-testing device 100 plesia function for increasing
accuracy of debugging as described later.

[0032]

In the following, a case in which the softwaretites device 100 is constituted
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using a personal computer and the software-tedinge 100 converts the source code
of the ST into the source code of the C languadiebeidescribed as an example.
However, the general computer constituting thewsmi-testing device 100 is not limited
to a personal computer, and may be a computer ichvexisting software for a test of a
program of a general-purpose language can be dpplie addition, the PLC language
targeted by the software-testing device 100 idinoted to the ST, and may be various
PLC languages. The language for which the softwestng device 100 converts the
PLC program is not limited to the C language, amy e a language that can use
existing software for performing the test of therse code of the language.

[0033]

The communication unit 110 communicates with otgraratuses. For
example, the communication unit 110 may receivesthgce code of the ST that is the
test target from a computer used as an editoreoPttC program.

The display unit 120 includes a display screein sigca liquid crystal panel or a
light-emitting diode (LED) panel to display variousages.

The operation input unit 130 includes, for exampleinput device such as a
keyboard and a mouse, and receives a user operation
[0034]

The storage unit 170 stores various pieces of deffar example, the storage
unit 170 stores the source code of the ST théweiddst target, a grammar definition for
the conversion unit 181 to perform a syntax analgsi the source code, a syntax tree
obtained by the syntax analysis, the source codleeo€ language obtained by
converting the source code of the ST by the comwersnit 181, and the like.

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

software-testing device 100.
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[0035]

The control unit 180 controls each unit of thetwafe-testing device 100 to
execute various processes. The control unit 180nstituted by a central processing
unit (CPU) included in the software-testing devi€@® that reads a program from the
storage unit 170 and executes the program.

The conversion unit 181 converts the source cédeeoST into the source code
of the C language.

The test execution unit 182 performs a test orsthuece code of the C language
obtained by the conversion of the conversion ugit. 1 The source code of the C
language and the source code of the ST share tit@xsyee, and each part of the source
code of the C language is associated with eachopéne source code of the ST.
Therefore, in a case in which it is possible tocdyea position of a bug on the source
code of the C language, it is possible to specifpsition of a bug on the source code of
the ST.

[0036]

Fig. 2 is a diagram showing an example of a ppescedure in which the
software-testing system 1 performs the test oPth€ program. In the example of Fig.
2, the conversion unit 181 functions as a parseeiggor 191, a parser 192, anda C
language generator 193.

The parser generator 191 generates the parsevitt9&ference to the grammar
definition stored in the storage unit 170. Thengmaar definition stored in the storage
unit 170 may be described in a backus naur formRBHNut is not limited to a specific
expression form.

[0037]

In a case in which the source code of the STaatito the conversion unit 181,
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the parser 192 performs parsing of the source tndenerate the syntax tree. The
parser generator 191 does not have to generapather 192 every time the source code
of the ST is input to the conversion unit 181, #melsame parser 192 may perform
parsing repeatedly.

In a case in which the parser 192 generates titevsyree, the C language
generator 193 uses the syntax tree to generasothree code of the C language.

The test execution unit 182 performs the teshensburce code of the C
language generated by the C language generatoaf@3utputs a test result as a report.
[0038]

Fig. 3 is a diagram showing a first example ofgoaon conversion by the
software-testing device 100. In the example of Bjg source code C11 of the ST is a
source code before the conversion by the conversidri81l, and a source code C12 of
the C language is a source code after the convebgidhe conversion unit 181. The
conversion unit 181 generates the source of tren@uiage indicating the same operation
as the source code of the ST, such as convertisgatEment, CASE statement, and FOR
loop of the ST into IF statement, CASE statemeWI(8CH statement), and FOR loop
of the C language, respectively.

[0039]

As described above, the conversion unit 181 casvwbe PLC program into the
general-purpose language program at the sourceleoele In addition, the test
execution unit 182 performs the test on the germrgdose language program obtained
by the conversion.

The conversion unit 181 can efficiently performa thst using the existing test
tool for the general-purpose language program Inyexing the PLC program into the

general-purpose language program. For exampleaimeersion unit 181 can
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efficiently perform the test using the existingtte®l for the C language by converting
the source code of the ST into the source codeeo€Ctlanguage on the personal
computer.

[0040]

Here, the conversion unit 181 may convert a patti@description included in
the comment in the source code of the ST into arge®n that is to be an execution
target by the source code of the C language.

Fig. 4 is a diagram showing a second exampleeoptbgram conversion by the
software-testing device 100. In the example of Ejg source code C21 of the ST is a
source code before the conversion by the conversidri81l, and a source code C22 of
the C language is a source code after the convebsidhe conversion unit 181.

[0041]

The conversion unit 181 converts a line L112 iatigy calculation of a square
root in the source code of the ST into a line LkR®&hich the same process by the
source code of the C language is performed. litiaddthe conversion unit 181
converts a comment of the source code C21 of thet®Tthe description of the
execution target by the source code C22 of thenGuage.

In the source code C21 of the ST, a descripti¢rillf)”) sandwiched by
parentheses and asterisks in lines L111 and L1t8ased as the comment. Therefore,
in the source code C21 of the ST, all of the lings1l and L113 are out of the execution
target. On the other hand, the conversion unitcdiverts the line L111 into an IF
statement starting from the line L121, and conviirgsline L113 into an IF statement
starting from the line L123.

[0042]

A description of “4ASSUME” and a conditional expseon of the line L111
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indicate a precondition in the software-testingide\00. The precondition referred to
here is a precondition for executing a programhsaga condition of an argument value
and a condition of a global variable value in arsubne when the subroutine is called.
In a case of Fig. 4, a function Sqrt of the lind21s a function that calculates the square
root in a range of a real number. Therefore, & ppecondition that a value of an
argument x of this function is O or more. Thustha line L111, “x= 0” is shown as the
precondition.

[0043]

In addition, a description of “#ASSERT” and a ctiiahal expression of the line
L 113 indicate a post-condition in the softwareitesdevice 100. The post-condition
referred to here is a condition to be satisfiedrafte execution of the program, such as a
condition to be satisfied by a return value ofghbéroutine call. In a case of the
example of Fig. 4, in a case in which the functayt is executed normally, a value of a
variable y indicating a calculation result may berGnore. Therefore, in the line L113,
“y 2 0” is shown as the post-condition.

[0044]

At the time of the test of the program, the sofewiesting device 100
determines that there is a bug in a case in wihielptecondition is established and the
post-condition is not established. In a case iithvthe precondition is not established,
it is not determined that there is a bug in eittfeat case in which the post-condition is
established or a case in which the post-condisami established.

In order to perform these tests, in a case in lwthiere is the description of
“#ASSUME” in the comment of the source code of 81e the conversion unit 181
converts this comment into a description indicatimg precondition as the execution

target rather than converting this comment intormment of the C language.
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[0045]

In the example of Fig. 4, the conversion unit &Bfverts the line L111 into an
IF-ELSE statement starting from the line L121. atidition, the conversion unit 181
provides the line L122 corresponding to the lind2 that is a substantial part of the
source code C21 in THEN of the IF-ELSE statemeiitae THEN of the IF-ELSE
statement referred to here is a part executedasa in which the IF condition is
established.

In addition, the conversion unit 181 sets a cd$ddl SE as RETURN. The
RETURN indicates that this program is to be ended, indicates returning to a caller in
a case in which it is called from a main prograrlote that the source code C22 from
“/I" to the end of the line is treated as the comtrand is not the execution target.
[0046]

At the time of the test execution, the test exieoutinit 182 determines whether
or not the precondition “®¢ 0 ” is established at the line L121. In a caseliich the
precondition is established, the test executioh182 executes the line L122 and the
subsequent lines. On the other hand, in a caskich the precondition is not
established, the process by the test executiorl8Riproceeds to “else” of a line L126,
and ends the program of the source code C22 withoetror by a RETURN statement
of a line L127.

[0047]

In addition, in a case in which there is the digsion of “#ASSERT” in the
comment of the source code of the ST, the converanit 181 converts the description
into a description that indicates the post-conditig the execution target instead of
converting the description into the comment of Ghlanguage.

In the example of Fig. 4, the conversion unit t8tverts the line L113 into an
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IF-ELSE statement starting from the line L123. TR&ELSE statement starting from
the line L123 is executed after the execution eflihe L122 at THEN of the IF-ELSE
statement starting from the line L121 that is IFE_statement of the precondition.

That is, the IF-ELSE statement starting from the I1L123 is executed after the execution
of line L122 that is a substantial part of the seurode C22.

[0048]

In addition, the conversion unit 181 sets the THEthe IF-ELSE statement
starting from the line L123 to null. Therefore arcase in which the post-condition is
established at the time of the test executiontdiieexecution unit 182 ends the IF-ELSE
statement as it is.

In addition, the conversion unit 181 sets a cdsbkeoELSE of the IF-ELSE
statement starting from the line L123 to abort (O)he abort (0) here indicates a
program execution interruption due to an error.

[0049]

In a case in which the test execution unit 18Zetes the line L122 at the time
of the test execution, the test execution unit dd&sequently executes the IF-ELSE
statement starting from the line L123. The tesioeion unit 182 determines whether
or not the post-condition “¢ 0” is established at the line L123. In a caseliich the
post-condition is established, the test executiih182 ends the IF-ESLE statement as it
is described above. On the other hand, in a castich the post-condition is not
established, the test execution unit 182 procertislse” of a line L124, outputs an error
at abort (0) of a line L125, and interrupts theaxsn of the program.

[0050]
In a case in which a symbol execution tool indeaeral-purpose language

corresponds to “assume” and “assert”, the convensiot 181 may convert the
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descriptions of #ASSUME and #ASSERT into an asscomemand and an assert
command, respectively.

Fig. 5 is a diagram showing a third example ofgh@gram conversion by the
software-testing device 100. Lines L111, L112, hh#l3 of a source code C31 of the
ST of Fig. 5 are similar to the lines L111, L11Add 113 of the source code C21 of the
ST of Fig. 4.

The conversion unit 181 converts the lines L1111,2, and L113 of the source
code C31 of the ST into lines L131, L132, and Lb8&e source code C32 of the C
language, respectively. The assume statemeneding L131 indicates a branch due to
the precondition. Specifically, only in a casenimich the precondition “& 0” is
established, the line L132 and the subsequent éireexecuted.

The line L132 indicates calculation of a squaa similarly to the line L122 of
Fig. 4.

The assert statement of the line L133 indicatesl#termination whether or not
the post-condition is established. Specificaltg test execution unit 182 detects a case
in which the post-condition “g 0” is not established as an error.

[0051]

As described above, the conversion unit 181 cdasvtke description that
satisfies the predetermined condition among therge®ns included in the comment in
the PLC program into the description to be the etien target by the general-purpose
language program. This general-purpose languageeid for the test. Therefore, the
conversion unit 181 converts the description thtisBes the predetermined condition
among the descriptions included in the commertiénRLC program into the description
that is executed at the time of the test by theegdspurpose language program. In the

example of Fig. 4, each of including “#ASSUME” athé conditional expression, and



10

15

20

25

18

including “#ASSERT” and the conditional expressammresponds to examples of the
predetermined condition.

Therefore, when creating the PLC program, a usetliriclude the description
for the test which satisfies the predetermined ttmrdin the comment. The
software-testing device 100 can perform the testdmwerting the PLC program into the
general-purpose language program and by reflettieglescription for the test. On the
other hand, at the time of an actual operation wherPLC executes the PLC program,
the description for the test can be treated asdh@ment and it is possible to perform an
operation without being affected by the descripfanthe test.

[0052]

In addition, the conversion unit 181 convertsfitet character string included
in the comment in the PLC program into the desionpof the precondition for executing
the general-purpose language program, and cortbertseecond character string included
in the comment in the PLC program into the desiompthat indicates the condition to be
satisfied after the general-purpose language pnogpeecution. In the example of Fig.
4, the description of “4ASSUME” and the conditioeapression corresponds to the
example of the first character string, and the IFSE statement starting from the line
L121 corresponds to the example of the descrigifdhe precondition for executing the
general-purpose language program. In additiotherexample of Fig. 4, the
description of “#ASSERT” and the conditional exmies corresponds to the example of
the second character string, and the IF-ELSE statéestarting from the line L123
corresponds to the example of the description®ttindition to be satisfied after the
general-purpose language program execution.

In addition, the test execution unit 182 deteatase in which the input to the

general-purpose language program satisfies theteammdf the input and the output of
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the general-purpose language program does nofysugscondition of the output as an
error.

Therefore, the test execution unit 182 does ne¢ @ generate or select a test
case in accordance with the program of the tegétar In this regard, the test execution
unit 182 can perform the test in various test gaeed can improve the coverage rate.

The test execution unit 182 may perform the testguithe symbol execution
method. Since the conversion unit 181 convertsthugce code of the ST into the
source code of the C language, it is possible ¢aths existing tool for using the symbol
execution method on the personal computer. lossible to improve the accuracy of
the test by using the symbol execution method.

[0053]

The display unit 120 may display the PLC prograndg the execution place in
the general-purpose language program may be showmealisplay of the PLC program.
For example, the display unit 120 displays the s®a@ode C21 of the ST of Fig. 4. On
the other hand, the test execution unit 182 perddim test using the source code C22 of
the C language. The source code of the ST ansbilmee code of the C language are
associated with each other by a common syntaxasekescribed with reference to Fig. 2,
and the execution place in the source code of tlE@uage and the execution place in
the source code of the ST can be displayed in eggncwith each other.

Since the display unit 120 shows the executionepia the source code of the
ST, a user who is familiar with the ST can easdgeatain the execution place.

[0054]

Alternatively, the number of search steps in baadhchodel checking may be

described in the comment of the ST. In additiongach of paths of a designated

number or less steps among the paths in the PL§qrg the test execution unit 182
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may calculate a variable value in a case in whiehpiath is executed using the source
code of the C language. The test execution urditde8ects a case in which the variable
value in any of the paths does not satisfy the itmmdndicated by the PLC program as
an error.

As described above, it is expected that a defettta program can be
automatically detected by the test execution Uit ferforming the bounded model
checking.

[0055]

In addition, the test execution unit 182 may corafhe value of the global
variable with the assumption range of the valuthefglobal variable, and may detect a
case in which the value of the global variableusaf the assumption range as an error.

Fig. 6 is a diagram showing an example of a glebahble list. In the
example of Fig. 6, the global variable list is attoged as data of a table form, and a
variable name, a type, a lower limit value, andipper limit value of the global variable
are stored. This global variable list correspaedsn example of range information
indicating the assumption range of the value ofgllobal variable.

[0056]

For example, the operation input unit 130 receaveser operation indicating
the assumption range of the global variable. Tdreversion unit 181 generates the
global variable list on the basis of the rangehefglobal variable indicated by the user
operation. Alternatively, the communication uriDlmay communicate with another
apparatus to acquire the global variable list.

When converting the source code of the ST intcsthece code of the C
language, the conversion unit 181 provides thergesm of the precondition and the

description of the post-condition in the sourceecotithe C language with reference to
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the global variable list.
[0057]

Fig. 7 is a diagram showing a fourth example efgghogram conversion by the
software-testing device 100. In the example of Fjgn a source code C41 of the ST,
neither the precondition nor the post-conditiodascribed only in calculation of a
square root of a line L141. On the other han@ source code C42 of the C language,
in addition to a line L153 corresponding to theelirl41, lines L151 and L152 indicating
preconditions of global variables and lines L15d &&55 indicating post-conditions of
global variables are provided.

The conversion unit 181 provides a descriptiothefpreconditions of the lines
L151 and L152 and a description of the post-coondsgiof the lines L154 and L155 with
reference to the global variable of Fig. 6.

[0058]

As described above, the operation input unit I&fuaes the range information
indicating the assumption range of the value ofgilloéal variable included in the PLC
program. The operation input unit 130 correspdodm example of the range
information acquisition unit. The test executiantu82 detects a case in which the
value of the global variable is out of the assuoiptange as an error.

As described above, by providing the precondibased on the global variable
list in the source code of the C language, theeestution unit 182 does not have to
generate or select a test case according to tlyegemoof the test target. In this regard,
the test execution unit 182 can perform the tesaious test cases, and can improve the
coverage.

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

the test execution unit 182 can more reliably detee the presence or absence of a
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defect of the program.
[0059]

The conversion unit 181 may provide the precoodind the post-condition at
a place of the program call such as a subroutile ca

Fig. 8 is a diagram showing a fifth example of pnegram conversion by the
software-testing device 100. In the example of Bjghe conversion unit 181 converts
source codes C51, C52, and C53 of the ST into satodes C54, C55, and C56 of the C
language.

At the time of start and end of each of the socomes C51, C52, and C53 of
the ST, there are settings of each of the predondiand the post-conditions. On the
other hand, neither the precondition nor the postion is shown at the place of the
subroutine call of the source code C51.

[0060]

On the other hand, when the conversion unit 18ieds the source code C51
into the source code C54, the conversion unit B84 the post-condition and the
precondition at the place corresponding to theutbre call.

Specifically, the conversion unit 181 convertsecpndition Assume2 of a
subroutine call destination into a post-conditissé&rt2 at a place immediately before the
subroutine call of the source code C55. In addltibe conversion unit 181 converts a
post-condition Assert3 of the subroutine call destion into a precondition Assume3 at a
place at the time of the return from the subroutiak of the source code C55.

[0061]

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

subroutine call destination into a post-conditissért4 at a place immediately before the

subroutine call of the source code C56. In addljtthe conversion unit 181 converts a
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post-condition Assert5 of the subroutine call destibon into a precondition Assume5 at a
place at the time of the return from the subroutiak of the source code C56.

Furthermore, the conversion unit 181 replacestibeoutine call with a dummy
code.

[0062]

As described above, in a case in which the coroemit 181 converts the
subroutine call in the PLC program into the dedimipin the general-purpose language
program, the conversion unit 181 includes the exrydition indicated in the subroutine
called by the PLC program in the general-purposguage program on the subroutine
call side as the condition at the time of the subne call. In addition, the conversion
unit 181 includes the exit condition indicatedhe subroutine called by the PLC
program in the general-purpose language prograthesubroutine call side as the
condition at the time of the return from the subirmaicall. The test execution unit 182
performs a unit test of the general-purpose langyggram on the subroutine call side
using the condition at the time of subroutine ealll the condition at the time of the
return from the subroutine call.

As described above, since the test executionl@&tperforms the unit test of
each of the source codes C54, C55, and C56, Xpeated that the path of the program
becomes relatively short, and the coverage is ingato
[0063]

In addition, when the test execution unit 182 @erfs the test, a low coverage
place may be modularized to perform a unit testhe modularization referred to here
constitutes a part of a program as one program.

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

test execution unit 182.  All of source codes G882, and C63 of Fig. 9 are source
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codes of the C language.

The test execution unit 182 first performs the ¢éshe source code C61 of the
C language. In a case in which the coverage ofrgop P11 of the source code C61 is
low in the test, the test execution unit 182 modeés the portion P11. The source
code C63 is a source code obtained by modularthi@gortion P11. In addition, the
test execution unit 182 replaces the portion Plth@source code C62 with a dummy
code.

[0064]

Furthermore, the test execution unit 182 provitlesprecondition Assume2 and
the post-condition Assert3 in the source code C@r example, the test execution unit
182 extracts the precondition and the post-condiiothe source code C63 using
Symbolic Execution. Alternatively, the test exeéontunit 182 may acquire information
on the precondition and the post-conditions in@esp to an inquiry to the user.

In addition, the test execution unit 182 convéresprecondition Assume?2
provided in the source code C63 into the post-dmrdAssert2 and provides the
post-condition Assert2 immediately before the plabere the modularization portion of
the source code C62 is replaced with the dummy.cotfeaddition, the test execution
unit 182 converts the post-condition Assert3 predith the source code C63 into the
precondition Assume3 and provides the precondaAissume3 immediately after the
place where the modularization portion of the sewade C62 is replaced with the
dummy code.

[0065]

As described above, when the test execution @2itekecutes the test, the test

execution unit 182 cuts out a path that did nospashe test, and performs the test on

the cut out path.
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Therefore, the test execution unit 182 can perfibrenunit test on each of the
source codes C62 and C63, and an improvement efage is expected.
[0066]

Note that the test of the entire system includivegPLC and the control target
may be simulated by using the source code of tl@@uage, which is generated by the
software-testing device 100.

Fig. 10 is a schematic block diagram showing aange of a functional
constitution of the software-testing system. Asveh in Fig. 10, the software-testing
system 1 includes the software-testing device HaDaacontrol system simulation device
200. The control system simulation device 200udek a second communication unit
210, a second display unit 220, a second operatpri unit 230, a second storage unit
270, and a second control unit 280. The secontta@amit 280 includes a PLC
simulation unit 281 and a control target simulationt 282.

[0067]

The software-testing system 1 is a system thdbgas the test of the program
from the unit test to a system test. The softwwasting device 100 among each of units
of the software-testing system 1 is the same asdfieare-testing device 100 shown in
Fig. 1, and the description thereof is omitted here

The control system simulation device 200 perfotinestest of the entire system
including the PLC and the control target by simolat The control system simulation
device 200 is constituted using, for example, agarpurpose computer such as a
personal computer.

[0068]
The second communication unit 210 communicatels @ttier apparatuses. In

particular, the second communication unit 210 comicates with the software-testing
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device 100, and receives the source code of tlam@uhge converted from the source
code of the ST by the software-testing device 100.

The second display unit 220 includes a displagestisuch as a liquid crystal
panel or an LED panel to display various images.

The second operation input unit 230 includesef@mple, an input device such
as a keyboard and a mouse to receive a user aperati
[0069]

The second storage unit 270 stores various pogata. For example, the
second storage unit 270 stores the PLC, a modsidaulating the control target, and the
source code of the C language received by the demmmmunication unit 210 from the
software-testing device 100.

The second storage unit 270 is constituted usstgrage device included in the
control system simulation device 200. The secamdrol unit 280 controls each unit of
the control system simulation device 200 to exegvat@®us processes.

The second control unit 280 is constituted by@R&J included in the control
system simulation device 200 that reads the prodgram the second storage unit 270
and executes the program.

[0070]

The PLC simulation unit 281 simulates the operatibthe PLC. Specifically,
the PLC simulation unit 281 simulates the contoolthe control target by executing the
source code of the C language which is convertethégoftware-testing device 100 by
using the PLC model stored in the second storage2da.

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

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

As described above, since the software-testingcded00 converts the source
code of the ST into the source code of the C laggutne software-testing device 100
can simulate the control by executing the sourckam the personal computer using the
source code of the C language, and can perforrsystem test by simulation.

[0072]

Note that the processes of each unit may be peeiby recording a program
for realizing all or a part of the functions of tbentrol unit 180 in a computer-readable
recording medium, and causing a computer systeneaith and execute the program
recorded in the recording medium. Note that trenfputer system” referred to here is
presumed to include an OS or hardware such as@hpeal device. In addition, the
“computer system” also includes a homepage pravisiovironment (or display
environment) in a case in which a WWW system isluse

In addition, the “computer-readable recording roedirefers to a storage
device such as a portable medium such as a flediske a magneto-optical disc, a ROM,
and a CD-ROM, or a hard disc that is installeddeshe computer system.

Furthermore, the “computer-readable recording nmatlis also presumed to include a
medium that dynamically stores a program for atsime, such as a communication line
in a case of transmitting the program through avaek such as the Internet or a
communication line such as a telephone line, ameédium that stores a program for
certain period of time, such as a volatile memarg computer system that is a server or
a clientin that case. In addition, the prograrsctiéed above may also be for realizing
a part of the function described above. Furtheemibre program may also be a
program that can realize the function describedr@liny combining a program that is

already recorded in the computer system.
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[0073]

The embodiment of the present invention has besoribed in detail with
reference to the drawings, but the specific camsih is not limited to this embodiment,
and design changes and the like without departimm the gist of the present invention
are also included.

[Industrial Applicability]
[0074]

An embodiment of the present invention relates software-testing device
including a conversion unit configured to conveRLaC program for operating a
programmable logic controller into a general-pugplaguage program described in a
general-purpose programming language, and a testig&n unit configured to perform
a test on the general-purpose language program.

According to the embodiment, it is possible to ioye coverage in the test of
the program executed by the PLC.

[Reference Signs List]
[0075]

1 Software-testing system

100 Software-testing device

110 Communication unit

120 Display unit

130 Operation input unit

170 Storage unit

180 Control unit

181 Conversion unit

191 Parser generator
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192 Parser

193 C language generator

182 Test execution unit

200 Control system simulation device
210 Second communication unit

220 Second display unit

230 Second operation input unit

270 Second storage unit

280 Second control unit

281 PLC simulation unit

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 paogfor operating a
programmable logic controller into a general-pugplaguage program described in a
general-purpose programming language; and

a test execution unit configured to perform a ¢esthe general-purpose
language program.

[Claim 2]

The software-testing device of Claim 1, whereim ¢bnversion unit converts a
description satisfying a predetermined conditioroagdescriptions included in a
comment in the PLC program into a description th&b be an execution target by the
general-purpose language program.

[Claim 3]

The software-testing device of Claim 2, whereim ¢conversion unit converts the
description satisfying the predetermined condiiamong the descriptions included in the
comment in the PLC program into a description t@kecuted at a time of a test by the
general-purpose language program.

[Claim 4]

The software-testing device of Claim 2 or 3, whrethe conversion unit
converts a first character string included in tbenment in the PLC program into a
description indicating a precondition for executthg general-purpose language
program, and converts a second character strimgded in the comment in the PLC
program into a description indicating a conditiorbe satisfied after the execution of the

general-purpose language program, and
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the test execution unit detects, as an errorsa itawhich an input to the
general-purpose language program satisfies a ¢ondif the input and an output of the
general-purpose language program does not satepdition of the output.

[Claim 5]

The software-testing device of any one of Clainte 4, comprising:

a range information acquisition unit configuredatmuire range information
indicating an assumption range of a value of aglohriable included in the PLC
program,

wherein the test execution unit detects a caséioh the value of the global
variable is out of the assumption range, as am.erro
[Claim 6]

The software-testing device of any one of Claints &, wherein the test
execution unit performs the test using Symbolicdexien.

[Claim 7]

The software-testing device of any one of Claints &, wherein the test
execution unit calculates a variable value in @cgasvhich a path is executed for each of
the paths equal to or less than a designated steper among the paths in the PLC
program using the general-purpose language progradidetects a case in which a
variable value in any of the paths does not satisfgndition indicated by the PLC
program, as an error.

[Claim 8]

The software-testing device of any one of Claintge I, comprising:

a display unit configured to display the PLC peogrand showing an execution
place in the general-purpose language programspiagi of the PLC program.

[Claim 9]
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The software-testing device of any one of Claintg & wherein, in a case in
which the conversion unit converts a subroutinéinghe PLC program into a
description in the general-purpose language progtiaenconversion unit adds an entry
condition indicated in a subroutine called by th&€Rrogram in the general-purpose
language program on a subroutine call side as ditomm at a time of the subroutine call,
and adds an exit condition indicated in the sulmeutalled by the PLC program in the
general-purpose language program on a subroutlhsida as a condition at a time of
return from the subroutine call, and

the test execution unit performs a unit test efdbneral-purpose language
program on the subroutine call side using the dadat the time of the subroutine call
and the condition at the time of the return from slubroutine call.

[Claim 10]

The software-testing device of any one of Claintg @, wherein, in a case in
which the test execution unit executes the testidht execution unit cuts out the path
that did not pass in the test and performs theoteshe cut out path.

[Claim 11]

A software-testing system, comprising:

the software-testing device of any one of Claintg 10;

a PLC simulation unit configured to execute theegal-purpose language
program converted from the PLC program by the saféatesting device; and

a control target simulation unit configured to slate a control target by a PLC.
[Claim 12]

A software-testing method, comprising:

converting a PLC program for operating a prograiiméogic controller into a

general-purpose language program described ine@@epurpose programming
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language; and

performing a test on the general-purpose langpaggram.
[Claim 13]

A program for causing a computer to execute:

converting a PLC program for operating a prograiiméogic controller into a
general-purpose language program described inergepurpose programming
language; and

performing a test on the general-purpose langpaggram.



