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（付録 1 FMTS 法実装例 Alloy 言語ソース） 

 

/***** class.als 型の定義 *****/ 

 

//入力値 

one sig Inputdata_Table { commands : some Command } 

fact {Inputdata_Table. commands = Command 

      all disj i1, i2 : Inputdata_Table | i1.commands != i2.commands } 

sig Command { name : one Command_Name, 

              order:  one Execution_Order, 

               args:   some Command_Arg } 

fact {Command.name = Command_Name } 

fact {Command.order = Execution_Order 

      all disj cm1, cm2 : Command |cm1. order !=cm2.order } 

fact {Command.args = Command_Arg 

        all disj cm1, cm2 : Command |cm1. args !=cm2.args } 

sig Command_Name {} 

sig Execution_Order{} 

sig Command_Arg {  

    order : one Arg_Order,   

    level : some Arg_Level } 

fact { 

    Command_Arg.order = Arg_Order   

    Command_Arg.level = Arg_Level 

    all disj cma1, cma2 : Command_Arg |cma1. order !=cma2.order 

    all disj cma1, cma2 : Command_Arg |cma1. level !=cma2.level } 

sig Arg_Order{}  

sig Arg_Level {  

    com_arg_id : one Arg_Order, 

    value : one Seq_ALV } 

fact{ 

    Arg_Level.value =  Seq_ALV  

    all cm : Command | all cma : cm.args | all cmal : cma.level | 

        cmal.com_arg_id = cma.order 

    all disj cm : Command  | 

            all cma : cm.args | 

                all disj cmal1, cmal2 : cma.level | 

                    cmal1.value != cmal2.value } 

sig Seq_ALV {seq_alv : seq Arg_Level_Value} 

{#(seq_alv.inds) = #(seq_alv.elems)} 

sig Arg_Level_Value {} 

 

//期待結果 

one sig ExpectedValue_Condition_Table { 

    commands : some Out_Command } 

fact { 
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    ExpectedValue_Condition_Table.commands = Out_Command 

    all disj ect1, ect2 : ExpectedValue_Condition_Table |  

        ect1.commands != ect2.commands } 

sig Out_Command { 

    name : one Command_Name,    

    order : one Execution_Order, 

    retcode : set Out_Type_Rcode, 

    stdout : set Out_Type_Stdout, 

    stderr : set Out_Type_Stderr } 

fact { 

    Out_Command.retcode = Out_Type_Rcode 

    Out_Command.stdout = Out_Type_Stdout 

    Out_Command.stderr = Out_Type_Stderr 

    all disj oc1, oc2 : Out_Command | oc1.order != oc2.order 

    all disj oc1, oc2 : Out_Command | oc1.retcode != oc2.retcode 

    all disj oc1, oc2 : Out_Command | oc1.stdout != oc2.stdout 

    all disj oc1, oc2 : Out_Command | oc1.stderr != oc2.stderr } 

sig TypeName {}{ TypeName =  TypeR + TypeO + TypeE } 

one sig TypeR, TypeO, TypeE extends TypeName{} 

abstract sig Out_Type{} 

sig Out_Type_Rcode extends Out_Type{ 

    name : one TypeName, 

    value : one Rcode_Expected_Value, 

    condition : some Rcode_Condition} 

{ name = TypeR } 

fact { 

    Out_Type_Rcode.value = Rcode_Expected_Value 

    Out_Type_Rcode.condition = Rcode_Condition 

    all ocom : Out_Command | 

        all disj orc1, orc2 : ocom.retcode | 

            orc1.value != orc2.value  

    all disj otr1, otr2 : Out_Type_Rcode | otr1.condition != otr2.condition } 

sig Out_Type_Stdout extends Out_Type { 

    name : one TypeName, 

    value : one Stdout_Expected_Value, 

    condition : some Stdout_Condition} 

{ name = TypeO } 

fact { 

    Out_Type_Stdout.value = Stdout_Expected_Value 

    Out_Type_Stdout.condition = Stdout_Condition 

    all ocom : Out_Command | 

        all disj oot1, oot2 : ocom.stdout | 

            oot1.value != oot2.value  

    all disj ots1, ots2 : Out_Type_Stdout | ots1.condition != ots2.condition } 

sig Out_Type_Stderr  extends Out_Type{ 

    name : one TypeName, 

    value : one Stderr_Expected_Value, 



第３５年度ソフトウェア品質管理研究会 研究コース５（チーム形式仕様） 

3 

 

    condition : some Stderr_Condition} 

{ name = TypeE } 

fact { 

    Out_Type_Stderr.value = Stderr_Expected_Value 

    Out_Type_Stderr.condition = Stderr_Condition 

    all ocom : Out_Command | 

        all disj oer1, oer2 : ocom.stderr | 

            oer1.value != oer2.value  

    all disj otse1, otse2 : Out_Type_Stderr | 

        otse1.condition != otse2.condition } 

 

//適用規則 

one sig Applicable_Condition_Table 

    {conditions : some Condition } 

fact { 

    Applicable_Condition_Table. conditions = Condition 

    all disj act1, act2 : Applicable_Condition_Table |  

        act1.conditions != act2.conditions } 

sig Condition { 

    name : one Condition_Name, 

    args_and : some  Cond_Args_AND, 

    pc_num : Int } 

fact { 

    Condition.name = Condition_Name 

    Condition.args_and = Cond_Args_AND 

    all disj cd1, cd2 : Condition | cd1.name != cd2.name 

    all disj cd1, cd2 : Condition | cd1.args_and != cd2.args_and } 

sig Condition_Name{} 

sig Cond_Args_AND { 

    id  : one Cond_Args_AND_ID, 

    order_in_cond : Int, 

    name : one Condition_Name, 

    order: one Arg_Order,  

    levels_or : some Cond_Levels_OR, 

    p_combi_caa : some  Arg_Level, /* Set automatically */ 

    values : some  Seq_ALV  /* Set automatically */  } 

fact { 

    Cond_Args_AND.levels_or = Cond_Levels_OR 

    all disj caa1, caa2 : Cond_Args_AND | caa1.levels_or != caa2.levels_or  

    all caa3  : Cond_Args_AND | caa3.p_combi_caa = caa3.levels_or.p_combi_clor 

    all caa4  : Cond_Args_AND | caa4.values = caa4.p_combi_caa.value } 

sig Cond_Levels_OR{  

    value : one Seq_ALV, 

    p_combi_clor : one Arg_Level /* Set automatically */ } 

sig Cond_Args_AND_ID {} 

fact { 

    all clor1 : Cond_Levels_OR | one ar1 : Arg_Level | 
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         clor1.value = ar1.value and 

         clor1.p_combi_clor = ar1 } 

abstract sig TypeCond {    name : one Condition_Name } 

sig Rcode_Condition extends TypeCond { } 

fact { 

    all ocom : Out_Command | 

        all orc : ocom.retcode | 

            all disj orcc1, orcc2 : orc.condition | 

                orcc1.name != orcc2.name  } 

sig Stdout_Condition extends TypeCond { } 

fact { 

    all ocom : Out_Command | 

        all oout : ocom.stdout | 

            all disj ooutc1, ooutc2 : oout.condition | 

                ooutc1.name != ooutc2.name  } 

sig Stderr_Condition extends TypeCond { } 

fact { 

    all ocom : Out_Command | 

        all oerr : ocom.stderr | 

            all disj oerrc1, oerrc2 : oerr.condition | 

                oerrc1.name != oerrc2.name } 

abstract sig Expected_Value {} 

sig Rcode_Expected_Value extends Expected_Value {} 

sig Stdout_Expected_Value extends Expected_Value {} 

sig Stderr_Expected_Value extends Expected_Value {} 

 

//インスタンス固有定数 

one sig combinum    {num : Int}  // テスト入力値の数 

one sig argordernum {num : Int}  // Arg_Order の数 

sig InputCombi {                 // InputCombi(テスト入力値) 

    combi  : some Arg_Level, 

    v_combi: some Seq_ALV} 

sig Exv_Ic {                     // Exv_Ic(期待値毎のテスト入力値) 

     exval : one  Expected_Value, 

     ex_ic : some InputCombi} 

sig Com_Type_ExvIc{              // Com_Type_ExvIc(漏れ検証用テスト入力値) 

    com_name : one Command_Name, 

    type_name : one TypeName, 

    ex_ic     : some InputCombi} 

図 class.als 

 

/***** ins.als テスト仕様・入力データ定義 *****/ 

open class 

//インスタンス固有定数 

fact{ combinum.num = 8     // テスト入力値数 

      argordernum.num = 3} // Arg_Order の数 
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//入力値 

one sig I_table extends Inputdata_Table{} 

one sig CM1 extends Command{} 

one sig CM1_name extends Command_Name{} 

one sig CM1_order extends Execution_Order {} 

one sig CM1_A,CM1_B,CM1_C extends Command_Arg {}  

one sig CM1_A_order,CM1_B_order,CM1_C_order extends Arg_Order{} 

one sig CM1_A_A1,CM1_A_A2,CM1_B_B1,CM1_B_B2,CM1_C_C1,CM1_C_C2 

        extends Arg_Level {}  

one sig SeqA1,SeqA2,SeqB1,SeqB2,SeqC1,SeqC2 extends Seq_ALV {} 

one sig A1,A2,B1,B2,C1,C2 extends Arg_Level_Value {} 

fact {I_table.commands = CM1 

      Command          = CM1 

      CM1.name    = CM1_name 

      Command_Name = CM1_name 

      CM1.order      = CM1_order 

      Execution_Order = CM1_order 

      CM1.args   = CM1_A + CM1_B + CM1_C 

      Command_Arg = CM1_A + CM1_B + CM1_C 

      CM1_A.order = CM1_A_order 

      CM1_B.order = CM1_B_order 

      CM1_C.order = CM1_C_order 

      Arg_Order = CM1_A_order + CM1_B_order + CM1_C_order 

      CM1_A.level = CM1_A_A1 + CM1_A_A2 

      CM1_B.level = CM1_B_B1 + CM1_B_B2 

      CM1_C.level = CM1_C_C1 + CM1_C_C2 

      Arg_Level 

          = CM1_A_A1 + CM1_A_A2 + CM1_B_B1 + CM1_B_B2 + CM1_C_C1 + CM1_C_C2 

      CM1_A_A1.value = SeqA1 

      CM1_A_A2.value = SeqA2 

      CM1_B_B1.value = SeqB1 

      CM1_B_B2.value = SeqB2 

      CM1_C_C1.value = SeqC1 

      CM1_C_C2.value = SeqC2 

      Seq_ALV = SeqA1 + SeqA2 + SeqB1 + SeqB2 + SeqC1 + SeqC2 

      Arg_Level_Value = A1 + A2 + B1 + B2 + C1 + C2 

      SeqA1.seq_alv.elems = A1 

      SeqA2.seq_alv.elems = A2 

      SeqB1.seq_alv.elems = B1 

      SeqB2.seq_alv.elems = B2 

      SeqC1.seq_alv.elems = C1 

      SeqC2.seq_alv.elems = C2 

      CM1_A_A1.com_arg_id = CM1_A_order 

      CM1_A_A2.com_arg_id = CM1_A_order 

      CM1_B_B1.com_arg_id = CM1_B_order 

      CM1_B_B2.com_arg_id = CM1_B_order 

      CM1_C_C1.com_arg_id = CM1_C_order 
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      CM1_C_C2.com_arg_id = CM1_C_order } 

 

//期待結果 

one sig EV_c_table extends ExpectedValue_Condition_Table{} 

one sig O_CM1 extends Out_Command{} 

one sig O_CM1_RC1,O_CM1_RC2,O_CM1_RC3 

        extends Out_Type_Rcode{} 

one sig O_CM1_RC1_cond,O_CM1_RC2_cond,  

        O_CM1_RC3_cond extends Rcode_Condition{} 

one sig O_CM1_RC1_R1,O_CM1_RC2_R2, 

        O_CM1_RC3_R3 extends Rcode_Expected_Value {} 

one sig Exvic_rcode1,Exvic_rcode2,Exvic_rcode3 extends Exv_Ic{} 

one sig CM1_RC_Exvic extends Com_Type_ExvIc{} 

fact { 

    EV_c_table.commands =  O_CM1 

    Out_Command         = O_CM1 

    O_CM1.name  = CM1_name 

    O_CM1.order = CM1_order 

    O_CM1.retcode = O_CM1_RC1 + O_CM1_RC2 + O_CM1_RC3 

    Out_Type_Rcode = O_CM1_RC1 + O_CM1_RC2 + O_CM1_RC3 

    O_CM1_RC1.value = O_CM1_RC1_R1 

    O_CM1_RC2.value = O_CM1_RC2_R2 

    O_CM1_RC3.value = O_CM1_RC3_R3 

    Rcode_Expected_Value  = O_CM1_RC1_R1 + O_CM1_RC2_R2 + O_CM1_RC3_R3 

    O_CM1_RC1.condition = O_CM1_RC1_cond 

    O_CM1_RC2.condition = O_CM1_RC2_cond 

    O_CM1_RC3.condition = O_CM1_RC3_cond 

    Rcode_Condition = O_CM1_RC1_cond + O_CM1_RC2_cond + O_CM1_RC3_cond 

    O_CM1_RC1_cond.name = Cond1_name  

    O_CM1_RC2_cond.name = Cond2_name  

    O_CM1_RC3_cond.name = Cond3_name  

    O_CM1.stdout       = none 

    Out_Type_Stdout       = none 

    Stdout_Expected_Value = none 

    Stdout_Condition      = none 

    O_CM1.stderr       = none 

    Out_Type_Stderr       = none 

    Stderr_Expected_Value = none 

    Stderr_Condition      = none 

    Exv_Ic = Exvic_rcode1 + Exvic_rcode2 + Exvic_rcode3 

    Exvic_rcode1.exval = O_CM1_RC1_R1 

    Exvic_rcode2.exval = O_CM1_RC2_R2 

    Exvic_rcode3.exval = O_CM1_RC3_R3 

    CM1_RC_Exvic.com_name = CM1_name 

    CM1_RC_Exvic.type_name = TypeR 

    CM1_RC_Exvic.ex_ic 

        = Exvic_rcode1.ex_ic + Exvic_rcode2.ex_ic + Exvic_rcode3.ex_ic 
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    Com_Type_ExvIc = CM1_RC_Exvic} 

 

//適用規則 

one sig A_c_table extends Applicable_Condition_Table{} 

one sig Cond1,Cond2,Cond3 extends Condition{} 

one sig Cond1_name,Cond2_name,Cond3_name extends Condition_Name{} 

one sig Cond1_args_and1, Cond2_args_and1,Cond2_args_and2, 

        Cond3_args_and1,Cond3_args_and2 extends Cond_Args_AND{} 

one sig Cond1_args_and1_level1,  

        Cond2_args_and1_level1,Cond2_args_and2_level1, 

        Cond3_args_and1_level1,Cond3_args_and2_level1 

        extends Cond_Levels_OR{} 

one sig Cond1_args_and1_ID,Cond2_args_and1_ID,Cond2_args_and2_ID, 

        Cond3_args_and1_ID,Cond3_args_and2_ID 

        extends Cond_Args_AND_ID {} 

fact { 

    A_c_table.conditions =  Cond1 + Cond2 + Cond3 

    Condition            = Cond1 + Cond2 + Cond3 

    Cond1.name     = Cond1_name 

    Cond2.name     = Cond2_name 

    Cond3.name     = Cond3_name 

    Condition_Name = Cond1_name + Cond2_name + Cond3_name 

    Cond1.args_and = Cond1_args_and1 

    Cond2.args_and = Cond2_args_and1 + Cond2_args_and2 

    Cond3.args_and = Cond3_args_and1 + Cond3_args_and2 

    Cond_Args_AND =  Cond1_args_and1 + Cond2_args_and1 + Cond2_args_and2 + 

                     Cond3_args_and1 + Cond3_args_and2 

    Cond1.pc_num = 1  

    Cond2.pc_num = 1 

    Cond3.pc_num = 1 

    Cond1_args_and1.name = Cond1_name 

    Cond2_args_and1.name = Cond2_name 

    Cond2_args_and2.name = Cond2_name 

    Cond3_args_and1.name = Cond3_name 

    Cond3_args_and2.name = Cond3_name 

    Cond1_args_and1.id = Cond1_args_and1_ID 

    Cond2_args_and1.id = Cond2_args_and1_ID 

    Cond2_args_and2.id = Cond2_args_and2_ID 

    Cond3_args_and1.id = Cond3_args_and1_ID 

    Cond3_args_and2.id = Cond3_args_and2_ID 

    Cond_Args_AND_ID 

        = Cond1_args_and1_ID + Cond2_args_and1_ID + Cond2_args_and2_ID + 

          Cond3_args_and1_ID + Cond3_args_and2_ID 

    Cond1_args_and1.order_in_cond = 0 

    Cond2_args_and1.order_in_cond = 0 

    Cond2_args_and2.order_in_cond = 1 

    Cond3_args_and1.order_in_cond = 0 
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    Cond3_args_and2.order_in_cond = 1 

    Cond1_args_and1.order = CM1_A_order 

    Cond2_args_and1.order = CM1_A_order 

    Cond2_args_and2.order = CM1_B_order 

    Cond3_args_and1.order = CM1_A_order 

    Cond3_args_and2.order = CM1_B_order 

    Cond1_args_and1.levels_or = Cond1_args_and1_level1 

    Cond2_args_and1.levels_or = Cond2_args_and1_level1 

    Cond2_args_and2.levels_or = Cond2_args_and2_level1 

    Cond3_args_and1.levels_or = Cond3_args_and1_level1 

    Cond3_args_and2.levels_or = Cond3_args_and2_level1 

    Cond_Levels_OR 

        = Cond1_args_and1_level1 + 

          Cond2_args_and1_level1 + Cond2_args_and2_level1 + 

          Cond3_args_and1_level1 + Cond3_args_and2_level1 

    Cond1_args_and1_level1.value = SeqA1 

    Cond2_args_and1_level1.value = SeqA2 

    Cond2_args_and2_level1.value = SeqB1 

    Cond3_args_and1_level1.value = SeqB2 

    Cond3_args_and2_level1.value = SeqC1 } 

図 ins.als(重複，漏れ共に有り) 

 

/***** generation.als 検証用データ生成 *****/ 

open ins 

//Execution_Order から Command_Name を求める関数 

fun comname_by_order [ex_o : Execution_Order] : one Command_Name { 

    {c_name : Command_Name | 

        all o_com : Out_Command | 

            o_com.order = ex_o implies(c_name = o_com.name)}  

} 

 

fact {                      // Exv_Ic(期待値毎のテスト入力値)の生成  

    all ep1 : Exval_Partcombi | 

        all exic1 :Exv_Ic | 

            (exic1.exval = ep1.exval 

                implies(all ep_one_ic1a : ep1.pc_ic | 

                            one exv_one_ic1a : exic1.ex_ic | 

                                ep_one_ic1a = exv_one_ic1a and 

                        all exv_one_ic1b : exic1.ex_ic | 

                            one ep_one_ic1b : ep1.pc_ic | 

                                ep_one_ic1b = exv_one_ic1b)) 

    all disj exic2, exic3 :Exv_Ic | 

        exic2.exval != exic3.exval and 

        exic2.ex_ic != exic3.ex_ic } 

// Exval_Partcombi 期待結果毎のデータ 

sig Exval_Partcombi { 

    exorder     : one  Execution_Order, 
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    otype       : one  Out_Type, 

    tyname      : one  TypeName, 

    exval       : one  Expected_Value,       //期待値 

    conds       : some TypeCond,             //期待値に対する適用規則 

    condsargsand : some PartCombCondArgsAnd, //適用規則毎の入力値 

    p_combi_exval_seq  : some  Combi_Seq_ALV,//期待値&適用規則の入力値 

    pc_ic       : some InputCombi}           //期待値の入力値 

fact{ 

    all ep_a : Exval_Partcombi |  

        ep_a.p_combi_exval_seq  = ep_a.condsargsand.p_combi_cond and 

    all oc4 : Out_Command | 

        (oc4.retcode != none 

             implies( 

                 all ret4 :  oc4.retcode | one ep4 :  Exval_Partcombi | 

                     ep4.tyname = TypeR and 

                     ep4.exorder = oc4.order and 

                     ep4.otype = ret4 and  

                     ep4.exval = ret4.value and  

                     ep4.conds = ret4.condition )) 

    all oc5 : Out_Command | 

        (oc5.stdout != none 

             implies( 

                 all ret5 :  oc5.stdout | one ep5 :  Exval_Partcombi | 

                     ep5.tyname = TypeO and 

                     ep5.exorder = oc5.order and 

                     ep5.otype = ret5 and  

                     ep5.exval = ret5.value and  

                     ep5.conds = ret5.condition)) 

    all oc6 : Out_Command | 

        (oc6.stderr != none 

             implies( 

                 all ret6 :  oc6.stderr | one ep6 :  Exval_Partcombi | 

                     ep6.tyname = TypeE and 

                     ep6.exorder = oc6.order and 

                     ep6.otype = ret6 and  

                     ep6.exval = ret6.value and  

                     ep6.conds = ret6.condition)) 

    all ep13 : Exval_Partcombi | 

        one oc13 : Out_Command | 

            (ep13.tyname = TypeR 

                 implies(oc13.retcode != none 

                     implies(one ret13 : oc13.retcode | 

                         ep13.exorder = oc13.order and 

                         ep13.otype = ret13 and  

                         ep13.exval = ret13.value and  

                         ep13.conds = ret13.condition) 

                 )else(ep13.tyname = TypeO 
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                     implies(oc13.stdout != none 

                         implies(one out13 : oc13.stdout | 

                             ep13.exorder = oc13.order and 

                             ep13.otype = out13 and  

                             ep13.exval = out13.value and  

                             ep13.conds = out13.condition) 

                     )else(ep13.tyname = TypeE 

                         implies(oc13.stderr != none 

                             implies(one err13 : oc13.stderr | 

                                 ep13.exorder = oc13.order and 

                                 ep13.otype = err13 and  

                                 ep13.exval = err13.value and  

                                 ep13.conds = err13.condition))))) 

    all ep9 : Exval_Partcombi | all onecond9 : ep9.conds | 

        one pccaa9 : ep9.condsargsand | 

            onecond9.name = pccaa9.one_cond_name 

    all ep10 : Exval_Partcombi | all pccaa10 : ep10.condsargsand | 

        one onecond10 : ep10.conds | 

            onecond10.name = pccaa10.one_cond_name 

    all ep11 : Exval_Partcombi | all onecond11 : ep11.conds | 

        all pccaa11 : PartCombCondArgsAnd | 

            (onecond11.name = pccaa11.one_cond_name 

                 implies (pccaa11 in ep11.condsargsand)) 

    all pccaa12 : PartCombCondArgsAnd | 

        all ep12 : Exval_Partcombi | all onecond12 : ep12.conds | 

            (onecond12.name = pccaa12.one_cond_name 

                 implies (pccaa12 in ep12.condsargsand)) 

    Exval_Partcombi.exorder = Out_Command.order 

    all disj ep5, ep6 :  Exval_Partcombi |   

        (ep5.exorder != ep6.exorder) or (ep5.otype != ep6.otype)   

    all disj ep7, ep8 :  Exval_Partcombi |   

        (ep7.condsargsand != ep8.condsargsand) 

    all disj ep_b, ep_c :  Exval_Partcombi | ep_b != ep_c  

    all ep14 : Exval_Partcombi | 

        all exval_seq14 : ep14.p_combi_exval_seq | 

            all ic14 : InputCombi |  

                (exval_seq14.seq_alv.elems in ic14.v_combi.seq_alv.elems 

                     implies(one pc_ic14 : ep14.pc_ic | 

                                 pc_ic14 = ic14)) 

    // Exval_Partcombi.pc_ic(期待値に対する入力値)を 

    // InputCombi(全テスト入力値)から抽出 

    all ep16 : Exval_Partcombi | 

        all pc_ic16 : ep16.pc_ic | 

            all exval_seq16 : ep16.p_combi_exval_seq | 

                (exval_seq16.seq_alv.elems in pc_ic16.v_combi.seq_alv.elems 

                   implies(one ic16 : InputCombi |  

                               exval_seq16.seq_alv.elems in  



第３５年度ソフトウェア品質管理研究会 研究コース５（チーム形式仕様） 

11 

 

                                   ic16.v_combi.seq_alv.elems and 

                               pc_ic16 = ic16)) 

    all ep17 : Exval_Partcombi | 

        all pc_ic17 : ep17.pc_ic | 

            some exval_seq17 : ep17.p_combi_exval_seq | 

                exval_seq17.seq_alv.elems in pc_ic17.v_combi.seq_alv.elems 

    all disj ep15_1, ep15_2 : Exval_Partcombi | 

        ep15_1.pc_ic != ep15_2.pc_ic } 

// PartCombCondArgsAnd 適用規則毎のデータ 

sig PartCombCondArgsAnd {  

   one_cond_name : one Condition_Name, 

   cond_args_and : some  Cond_Args_AND, 

   pc_num : Int, 

   p_combi_cond : some  Combi_Seq_ALV } 

fact { 

        all cn1 : Condition_Name | one pccaa1 : PartCombCondArgsAnd | 

            cn1 = pccaa1.one_cond_name   

        all pccaa2 : PartCombCondArgsAnd | one cn2 : Condition_Name | 

            cn2 = pccaa2.one_cond_name   

        all disj pccaa3, pccaa4 : PartCombCondArgsAnd | 

            pccaa3.one_cond_name != pccaa4.one_cond_name 

        all pccaa5 : PartCombCondArgsAnd | all c5 : Condition | 

            (pccaa5.one_cond_name = c5.name 

                implies (pccaa5.cond_args_and = c5.args_and and 

                        pccaa5.pc_num = c5.pc_num)) 

        all c6 : Condition | all pccaa6 : PartCombCondArgsAnd | 

            (pccaa6.one_cond_name = c6.name 

                implies (pccaa6.cond_args_and = c6.args_and and 

                         pccaa6.pc_num = c6.pc_num)) 

        all disj aa10, aa11 : PartCombCondArgsAnd | 

            aa10.cond_args_and != aa11.cond_args_and 

        PartCombCondArgsAnd.one_cond_name = Condition_Name     

        all disj pccaa_a, pccaa_b : PartCombCondArgsAnd | 

            pccaa_a != pccaa_b 

        all disj pccaa_c1,pccaa_c2 : PartCombCondArgsAnd | 

            pccaa_c1.p_combi_cond != pccaa_c2.p_combi_cond 

        all pccaa_d : PartCombCondArgsAnd | 

            all pcc_d :pccaa_d.p_combi_cond | 

                #(pccaa_d.cond_args_and) = #(pcc_d.seq_alv.elems) and 

                #(pcc_d.seq_alv.inds) = #(pcc_d.seq_alv.elems) 

        all pccaa_e : PartCombCondArgsAnd | 

            #(pccaa_e.p_combi_cond) = pccaa_e.pc_num 

        all pccaa_f : PartCombCondArgsAnd | 

            all caa_f : pccaa_f.cond_args_and | 

                all lvor_f : caa_f.levels_or | 

                    some pcc_f :pccaa_f.p_combi_cond | 

                        pcc_f.seq_alv[caa_f.order_in_cond] 
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                        = lvor_f.value.seq_alv[0] 

        // 適用規則毎の入力値を集計 

        all pccaa_g : PartCombCondArgsAnd | 

            all pcc_g :pccaa_g.p_combi_cond | 

                all caa_g : pccaa_g.cond_args_and | 

                    one lvor_g : caa_g.levels_or | 

                        pcc_g.seq_alv[caa_g.order_in_cond] 

                        = lvor_g.value.seq_alv[0] } 

// Combi_Seq_ALV 適用規則の入力値 

sig Combi_Seq_ALV { 

    seq_alv : seq Arg_Level_Value } 

fact{ 

    Combi_Seq_ALV = Exval_Partcombi.condsargsand.p_combi_cond 

    all disj csalv1,csalv2 : Combi_Seq_ALV | 

        csalv1 != csalv2 and 

        csalv1.seq_alv != csalv2.seq_alv and 

        (#(csalv1.seq_alv.elems) = #(csalv2.seq_alv.elems) 

             implies(csalv1.seq_alv.elems != csalv2.seq_alv.elems)) } 

// InputCombi(入力値)の生成 

fact { 

    #InputCombi = combinum.num 

    all ic_4 : InputCombi | #(ic_4.combi) = argordernum.num 

    all ic : InputCombi | all disj c1, c2 : ic.combi |  

        c1.com_arg_id  != c2.com_arg_id 

    all disj ic1,ic2 :  InputCombi  | ic1.combi != ic2.combi 

    all ic3 : InputCombi | ic3.v_combi = ic3.combi.value 

    Arg_Level = InputCombi.combi 

    Arg_Level_Value in InputCombi.v_combi.seq_alv.elems } 

図 generation.als 

 

/***** dupchk.als 重複の検証 *****/ 

open generation 

check assert_pred_duppair for 8  but 8 Int 

 

//重複の検証処理 

assert assert_pred_duppair { 

    pred_duppair [DupPair]} 

pred pred_duppair [dp :DupPair ] { 

    dp.dupAep.exorder != dp.dupBep.exorder or //1.コマンドが異なる 

    dp.dupAep.tyname  != dp.dupBep.tyname or  //2.出力が異なる 

    dp.dupAep.exval   =  dp.dupBep.exval or   //3.期待値が同じ 

    all pcic_a : dp.dupAep.pc_ic |     

         no pcic_b : dp.dupBep.pc_ic |       //4.テストケースが異なる 

            pcic_a = pcic_b }           

//重複の検証・誤り箇所（期待結果）特定用 signature 

one sig DupPair { 

    dupAep : one Exval_Partcombi, //判定データ A 
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    dupBep : one Exval_Partcombi, //判定データ B 

    dup_exorder : one Execution_Order, 

    dup_comname : one Command_Name, 

    dup_tyname  : one TypeName, 

    dup_exval   : one Expected_Value, 

    dupA_seqalv : seq Arg_Level_Value, //適用規則 A 

    dupB_seqalv : seq Arg_Level_Value  //適用規則 B 

}{ 

    dup_exorder  = dupAep.exorder 

    dup_comname  = comname_by_order[dupAep.exorder] 

    dup_tyname   = dupAep.tyname 

    dup_exval    = dupAep.exval 

    dupA_seqalv  = dupAep.p_combi_exval_seq.seq_alv 

    dupB_seqalv  = dupBep.p_combi_exval_seq.seq_alv 

    dupAep      != dupBep } 

図 dupchk.als 

 

/***** leakchk.als 漏れの検証 *****/ 

open generation 

check assert_pred_leakone for 8  but 8 Int 

 

//漏れの検証処理 

assert assert_pred_leakone { 

         pred_leakone[Leaks] } 

pred pred_leakone[lk : Leaks]{ 

    InputCombi = lk.leak_ic}    //全テストケース InputCombi と比較 

//漏れの検証・誤り箇所（テストケース）特定用 signature 

one sig Leaks  { 

    leak_ctv_ic  : one  Com_Type_ExvIc, //出力毎のデータ 

    leak_com     : one  Command_Name,   

    leak_tyname  : one  TypeName, 

    leak_ic      : some InputCombi,    //出力毎のテストケース 

    leak_differ  : set InputCombi,     //漏れたテストケース 

    diff_alv_seq : some Arg_Level_Value,//漏れたテスト入力値 

    leak_ep      : some Exval_Partcombi, 

    leak_alv     : some  Combi_Seq_ALV, 

    leak_seqalv  : some Arg_Level_Value //出力毎の適用規則 

}{ 

    leak_com      = leak_ctv_ic.com_name 

    leak_tyname   = leak_ctv_ic.type_name 

    leak_ic      = leak_ctv_ic.ex_ic 

    leak_differ  = InputCombi - leak_ic   

    diff_alv_seq = leak_differ.v_combi.seq_alv.elems 

    all disj e1, e2 : leak_ep | e1 != e2 

    leak_alv = leak_ep.p_combi_exval_seq 

    leak_seqalv  = leak_alv.seq_alv.elems 

} 
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fact { 

    all ep1 : Exval_Partcombi | 

       (comname_by_order[ep1.exorder] = Leaks.leak_com and 

        ep1.tyname = Leaks.leak_tyname 

           implies(one l_ep : Leaks.leak_ep | l_ep = ep1)) 

    all lk2 : Leaks | all ep2 : lk2.leak_ep | 

        comname_by_order[ep2.exorder] = lk2.leak_com and 

        ep2.tyname = lk2.leak_tyname 

} 

 

図 leakchk.als 

 

 

（付録 2 評価用データ） 

・観点 1 の評価用データ 

   
 

・観点 2 の評価用データ 

   
 

 

 

 

表 テストケース（正解データ） 

No 入力値 期待 

結果 

誤り 

A B C 

1 A1 B1 C1 R1  

2 A1 B1 C2 R1  

3 A1 B2 C1 R1  

4 A1 B2 C2 R1  

5 A2 B1 C1 R2  

6 A2 B1 C2 R2  

7 A2 B2 C1 R3  

8 A2 B2 C2 R3  

 

表 入力値 

パラメタ A B C 

値 A1 B1 C1 

A2 B2 C2 

 

表 適用規則・期待結果 

適用規則 期待 

結果 A B C 

A1 - - R1 

A2 B1 - R2 

A2 B2 - R3 

 

表 テストケース（正解データ） 

No 入力値 期待 

結果 

誤り 

A B C 

1 A1 B1 C1 R1  

2 A1 B1 C2 R1  

3 A1 B2 C1 R1,R3 重複 

4 A1 B2 C2 R1  

5 A2 B1 C1 R2  

6 A2 B1 C2 R2  

7 A2 B2 C1 R3  

8 A2 B2 C2 ― 漏れ 

 

表 入力値 

パラメタ A B C 

値 A1 B1 C1 

A2 B2 C2 

 

表 適用規則・期待結果 

適用規則 期待 

結果 A B C 

A1 - - R1 

A2 B1 - R2 

- B2 C1 R3 
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（付録 3 評価結果詳細） 

・RQ1  適用規則に重複の誤りが有ることを､検証結果に出力できた 

 

 

・RQ2  適用規則に漏れの誤りが有ることを､検証結果に出力できた 

 

・RQ3  適用規則に重複の誤りが無いことを､検証結果に出力できた 

 

 

・RQ4  適用規則に漏れの誤りが無いことを､検証結果に出力できた 

 

 

・RQ5  適用規則に重複の誤りが有る場合，重複した適用規則を出力できた 

 ※：dupA_seqalv フィールドの(B2,C1)の適用規則と、 

    dupB_seqalv フィールドの(A1)の適用規則が重複している 

<field label="dupAep" ID="5" parentID="4"> 

     :     :     :     :     :     :     :     :     : 

<field label="dupA_seqalv" ID="16" parentID="4"> 

   <tuple> <atom label="DupPair$0"/> <atom label="0"/> <atom 

label="generation/ins/B2$0"/> </tuple> 

   <tuple> <atom label="DupPair$0"/> <atom label="1"/> <atom 

label="generation/ins/C1$0"/> </tuple> 

   <types> <type ID="4"/> <type ID="0"/> <type ID="17"/> </types> 

</field> 

<field label="dupB_seqalv" ID="18" parentID="4"> 

   <tuple> <atom label="DupPair$0"/> <atom label="0"/> <atom 

label="generation/ins/A1$0"/> </tuple> 

     :     :     :     :     :     :     :     :     : 

図 誤り箇所情報 duppair(XML 形式ファイルより抜粋) 
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・RQ6  適用規則に漏れの誤りが有る場合，漏れたテストケース， 

    および，漏れに関連する適用規則を出力できた 

 ※：diff_alv_seq フィールドの(A2,B2,C2)のテストケースに期待結果の漏れ有り 

    leak_seqalv フィールドの適用規則(A1),(A2,B1),(B2,C1)が漏れに関連 

<sig label="this/Leaks" ID="4" parentID="2" one="yes"> 

     :     :     :     :     :     :     :     :     : 

<field label="diff_alv_seq" ID="14" parentID="4"> 

   <tuple> <atom label="Leaks$0"/> <atom label="generation/ins/A2$0"/> 

</tuple> 

   <tuple> <atom label="Leaks$0"/> <atom label="generation/ins/B2$0"/> 

</tuple> 

   <tuple> <atom label="Leaks$0"/> <atom label="generation/ins/C2$0"/> 

</tuple> 

   <types> <type ID="4"/> <type ID="15"/> </types> 

</field> 

     :     :     :     :     :     :     :     :     : 

<field label="leak_seqalv" ID="20" parentID="4"> 

   <tuple> <atom label="Leaks$0"/> <atom label="generation/ins/A1$0"/> 

</tuple> 

   <tuple> <atom label="Leaks$0"/> <atom label="generation/ins/A2$0"/> 

</tuple> 

   <tuple> <atom label="Leaks$0"/> <atom label="generation/ins/B1$0"/> 

</tuple> 

   <tuple> <atom label="Leaks$0"/> <atom label="generation/ins/B2$0"/> 

</tuple> 

   <tuple> <atom label="Leaks$0"/> <atom label="generation/ins/C1$0"/> 

</tuple> 

     :     :     :     :     :     :     :     :     : 

図 誤り箇所情報 Leaks(XML 形式ファイルより抜粋) 

 


