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Automatic Test case Generation Mechanism from the Decision
Table of Requirement Specification Techniques based on
Metamodel
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[Abstract]

As the increasing demand for high-quality software, there is huge requiring for quality certification of international standards,
industrial functional safety (IEC 61508), automotive (ISO 26262), embedded software guidelines for weapon systems, etc., in the
industry. Software companies are very difficult to systematically acquire the quality certification in terms of cost and manpower
of Startup, venture small-sized companies. For their companies one test case automatic generation is considered as a core
technique to evaluate or improve software quality. This paper proposes a test case automatic generation method based on the
design decision table for system and software design verification. We apply the proposed method with OMG’s standard techniques
of metamodel and model transformation for automatically generating test cases. To do this, we design the metamodels of design
decision table (Model) and test case document (Text) and define model transformation to automatically generate test cases, which
will expect to easily work MC/DC coverage.
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Table 1. The example of decision table

cl: a<btc FIT| T\ T| T|T| T\ T| T|T| T
olc2: b<atc FIT|T| T\ T| T|T|T|T|T
§c3:c<a+b FlTlt]TlT[T[T|T|T
Zl4a=b T|T[T|T|F/FFF
Skha=c T|T[F|F|T|TIF|F
c6:b=c TIF[TIFITIFTF
al: Not a Triagle X| X| X

3 [a2: Scalene X
gtaSZ Isosceles X X| X
> la4: Equilateral X

a5: Impossible X| X X
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o] sionTableMo
pr [ DecisionTableModel

© name : Estring
- NONE

= TRUE
~ FALSE

[ Conditions

E Actions

[1.1] conditions [1.1] actions

— 0. action

H concion [ conditionColum B Azen

© name - Etring 0ot

£ name : EString
© result - Estring

= value : Conditi = NONE
& num : Elnt

[0-1] binaryexpression e
[ ActionColum

B sinaryExpression [1.11 Ihs

» operator  EString E statement
: st 4
[1-1vhs " alue - Estring

& value : EString
© num: Eint

Fig. 2. The metamodel design of decision table
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cl: a<b+c F T
al: Not a Triagle X X

o =

1
w & Decision Table Model
w < Conditions
~ < Condition c1
w <4 Binary Expression <
-« Statement a
<4 Statement b+c
4 Condition Colum FALSE
4 Conditicn Colum TRUE
4 Conditicn Colum TRUE
w < Actions
w <4 Action al
4 Action Colum X
4 Action Colum X
4 Action Colum X

<decisionTableModel:DecisionTableModel>
<conditions>
<condition name="c1">
<binaryexpression operator="&lt;">
<lhs value="a"/>
<rhs value="b+c"/>
</binaryexpression>
<cols value="FALSE" num="1"/>
<cols value="TRUE" num="2"/>
<cols value="TRUE" num="3"/>
</condition>
</conditions>
<actions>
<action name="al" result="Not a Triagle">
<cols value="X" num="1"/>
<cols value="X" num="2"/>
<cols value="X" num="3"/>
</action>
</actions>
</decisionTableModel:DecisionTableModel>
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Fig. 3. The input result of decision table model
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Table 2. The example of test case
ID

TC-1

TC-2

Input Condition Expected Result

=

H2E Alo]2~9] welRdle go]Ee] 7|42l o]F
|3to] 19 49} o] AA| 7Fssith oA AA o) vz EA]
2 H2E Ao|2d tist 13t el o] Goj=A] gk}
EO| 7|E o] 5S AMEEte] el RS Ak A A HE}
SLlof| 4] “Test case Model™ “Test case”d] FE w=To|t}
“Test case Model”= ©J2] 7] 2] “Test case””} ATk “Test case”
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=3

= ©l

U Input

[ TestcaseModel

0.

[1.11 input = value : EString

] testcase
= Condition

|J Testcase

[1..11 expectedresult

& value : EString
= id : EString

= ExpectedResult

= value : EString

38 4. HAE 7Ho|xe| HEZY AMA
Fig 4. The metamodel design of test case

IS E0 271¢] BIAE Alo]27) ¢l w] 17 59 2o
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ID Input Condition Expected Result
TC-1 a<btc=F None Not a Triagle
TC-2 a<b+c =T None Not a Triagle
1

< Testcase Model
w 4 Testcase TC-1

4 Input a<b+c=F

<4 Condition None

% Expected Result Mot a Triagle
w 4 Testcase TC-2

4 Input a<b+c =T

< Condition Mone

4 Expected Result Mot a Triagle

<testcaseModel: TestcaseModel>
<testcase id="TC-1">
<input value="a&lt;b+c = F"/>
<condition value="None"/>
<expectedresult value="Not a Triagle"/>
</testcase>
<testcase id="TC-2">
<input value="a&lt;b+c = T"/>
<condition value="None"/>
<expectedresult value="Not a Triagle"/>
</testcase>
</testcaseModel: TestcaseModel>

a8 5. HIAE AHolA mEe| o2 Za}
Fig. 5. The input result of test case model
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Conditional expressions for MC/DC ¢1  c1&c2 cl1&c2&c3 c1&c2&c3&c4&c58c6

Number of conditional expressions _1_ 3 3" 6 6 6 6 6 6 6 6
cl: R EEEREREEEEE R
o e F T T T TTTTTT
g 3 < EEEEEEREE
= c4: T T TTFFFF
= c5a=c 1 1] ¥ 7] 1] 1] F| F
6 b =c NREERRRENE
al: Not a Tragle | X| X| X]|
= a2 Scalene X
= a3 Isosceles X X| X]
= a4! Equilateral X]
a5 Impossible X| X X
O3 6. oA ZHER} =HES| 2
Fig. 6. The relationship between decision table and

condition expression
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public ArrayList<int[]> getTruthTable(int numTerms) {
int numCombinations = (int) Math.pow(2, numTerms);
ArrayList<int[]> outlist = new ArrayList<int[]>();
int[][] terms = new int[numTerms][numCombinations];
for (int i = 0; i < numTerms; i++) {
int numRepeats = (int) Math.pow(2, numTerms-i-1);
int value = 0;
for (int j = 0; j < numCombinations; j++) {
terms[i][j] = value;
if ((G+1) % numRepeats == 0) value =value==07?1:0;

for (int i = 0; i < numCombinations; i++) {
boolean result = true, out = false;
for(int j=0;j<numTerms;j++) result = result && (terms[j][i]==1);
for (int k = 0; k < numTerms; k++) {
boolean mede_test = true;
for (int j = 0; j < numTerms; j++) {
if(k ==j) mecdc_test = mede_test && (terms[]][l] 1=1);
else mcdc_test = mcdc_test && (terms[j][i] == 1);
if(result != mcdc_test) out = true;
}
1f(out == true) {
int[] outline = new int[numTerms+1];
for (int j = 0; j < numTerms; j++) outline[j] = terms[j][i];
outline[numTerms] = (result ? 1 : 0); outlist.add(outline);

return outlist;
}
8 7. =AMl w2 FE|EE XS MM Le|E
Fig. 7. Automatic generation algorithm for truth tables
based on conditional expressions
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v 4 Testcase TC-1
4 Input (a<b+C=FALSE)=FALSE
4 Coenditicn Nong
4 Expected Result [NOT] Mot a Triagle
v 4 Testcase TC-2
4 Input (a<b+c=FALSE)=TRUE
<4 Condition None
¢ Expected Result Mot a Triagle
w 4 Tesfcase TC-3
4 Input (a<b+c=TRUE)=FALSE, (b<a+c=FALSE)}=TRUE
< Condition None
4 Expected Result [NOT] Mot a Triagle
w4 Testcase TC-4
4 Input (a<b=c=TRUE)=TRUE, (b<3+C=FALSE)=FALSE
< Condition None
4 Expected Result [NOT] Mot a Triagle
~ 4 Testcase TC-5
4 Input (a<b+c=TRUE)=TRUE, (b<a+C=FALSE)=TRUE
4 Coenditicn Nong
4 Expected Result Mot a Triagle
v 4 Testcase TC-6
4 Input (a<b+c=TRUE)=FALSE, (b<a+c=TRUE)=TRUE, (c<a+b=FALSE)}=TRUE
< Condition None
4 Expected Result [NOT] Not a Triagle
v 4 Testcase TC-7
4 Input (a<b+c=TRUE)=TRUE, (b=a+c=TRUE)=FALSE, (c<a+b=FALSE)}=TRUE
< Condition None
4 Expected Result [NOT] Not a Triagle
w4 Testcase TC-8
4 Input (a<b+c=TRUE)=TRUE, (b=a+c=TRUE)=TRUE, (c<a+b=FALSE)=FALSE
<4 Condition Nene
4 Expected Result [NOT] Mot a Triagle
v ¢ Testcase TC-9
4 Input (3<b+c=TRUE)=TRUE, (b<a+C=TRUE)=TRUE, (¢ <3+b=FALSE)=TRUE
< Condition None
4 Expected Result Mot a Triagle
4 Testrase TC-10
< Testcase TC-11
4 Tesfcase TC-12
4 Testrase TC-13

(...

g 8. Atz MME HAE AHo|lA Zo}
Fig. 8. Test results of automatic generated test cases
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Fig. 9. Axial aerodynamic force factor formula for
conditions generation
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Table 4. The decision table for performing Cone axial
force factor calculations for missile systems
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Slc4: M=0.5 FIT|F|F| T|F|F| T|F|F| T|F
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§a110peration is performed X| X| X
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File

Decision Table | Testcase |

‘ Add Condition | ‘ Add Action ‘ | Add Column ‘ | Transformation

type name 3 A < 4 5 6 i 8 SO a2
c c1:D=1 T T T L T T E E F: E: F E:

c  [c2 51 T T F F F T [T F F F

[ 3. M=0.5 L E: E L F F T F F T F E:

[ 4 M=0.5 E T E E i F F T F F [T E:

c |5 M=15 F F T F F T F [F g FF [F It

a a1: Operation is performed|X X X

a 32: Operation is failed hs X X % X X X X X
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Fig. 10. Decision table input screen for test case
generation

“Transformation” HES T2W oA AAH % += 19 114 H
MC/DC AMEA] 7|Hto g 727)2] B|AE Ao|Az AW
th ¥2E JEE JER oA AR EE B oA A
o2 oY ve} ReE WgE 1 2 w3k g os
Al EIZE Aol XML S At shde gk IS
o}l oA A xS 2 cl~c59] F& MC/DC AMEAE 7]
FoR YR As Y LdagFel o “0111107,
“1011107, “110110”, “111010”, “111100”, “1111117¢] X%
gttt o714 12 True, 02 False©]t}. o] Mg &-&
ste] 7 =7 gho] RE|grt 2 5 JEE HAE Ao|xE
W=D dE So]  “111107S  (D=1=TRUE)=FALSE,
(S=1=TRUE)=TRUE, (M<0.5=TRUE)=TRUE, (M=0.5=FALSE)
=TRUE, (M>1.5=FALSE)=TRUE ©. 2 7H=t}.

&) - [m] X
File
Decision Table | Testcase
1D Input Conditi... Expected Result
TC-39  [(D=1=FALSE)=TRUE, (S=1=TRUE)=TRUE, (M<0.5=TR... |None NOT] Operationisf.. |+!
TC-40 |(D=1=FALSE)=TRUE, (S=1=TRUE)=TRUE, (M=0.5=TR... |None NOT] Operation is f.
TC-41 |(D=1=FALSE)=TRUE, (5=1=TRUE)=TRUE, (M=0.5=TR... |None NOT] Operation is f.
TC-42  |(D=1=FALSE)=TRUE, (5=1=TRUE)=TRUE, (M=0.5=TR... |None Qperation is failed
TC-43 |(D=1=FALSE)=FALSE, (S=1=TRUE)=TRUE, (M=0.5=FA...|None [NOT] Operationisf...
TC-44 |(D=1=FALSE)=TRUE, (S=1=TRUE)=FALSE, (M=0.5=FA... |None [NOT] Operationisf...
TC-45 |(D=1=FALSE)=TRUE, (8=1=TRUE)=TRUE, (M=0.5=FA... |None [MNOT] Operationisf...
TC-46 |(D=1=FALSE)=TRUE, (8=1=TRUE)=TRUE, (M=0.5=FA... |None [MNOT] Operationisf...
TC-47 |(D=1=FALSE)=TRUE, (2=1=TRUE}=TRUE, (M<0.5=FA... |None [MNOT] Operationisf..
TC-48 |(D=1=FALSE)=TRUE, {8=1=TRUE)=TRUE, (M=0.5=FA... |[None Operation is failed
TC-43  |(D=1=FALSE)=FALSE, (S=1=TRUE)=TRUE, (M=0 5=FA_ |Nane [NOT] Operation is f.
TC-50 |(D=1=FALSE)=TRUE, (8=1=TRUE)=FALSE, (M=0 5=FA_ |Nane [NOT] Operation is f.
TC-51 |(D=1=FALSE)=TRUE, (3=1=TRUE)=TRUE, (M<0.5=FA.. |None [NOT] Operation is f.
TC-52 |(D=1=FALSE)=TRUE, (S=1=TRUE)=TRUE, (M<0.5=FA.. |None [NOT] Operation is f.
TC-53_|(D=1=FALSE)=TRUE, (S=1=TRUE)=TRUE (M=05=FA_|None _|[NOT] Operation is I
TC-54_|(D=1=FALSE)=TRUE, (S=1=TRUE)=TRUE, (M<05=FA_ |None | Operation is failed
TC-55 |(D=1=FALSE)=FALSE, (5=1=FALSE)=TRUE, (M=0.5=T... |None [NOT] Operationisf..
TC-56  |(D=1=FALSE)=TRUE, (5=1=FALSE)=FALSE, (M=0.5=T... |None [NOT] Operationisf.. { |
TC-57 |(D=1=FALSE)=TRUE, (5=1=FALSE)=TRUE, (M=0.5=T... |None [NOT] Operationisf...
TC-58 |(D=1=FALSE)=TRUE, (S=1=FALSE)=TRUE, (M=0.5=T... |None [NOT] Operationisf...
TC-59  |(D=1=FALSE)=TRUE, (8=1=FALSE)=TRUE, (M=0.5=T... |None [NOT] Operationisf...
TC-60  |(D=1=FALSE)=TRUE, (§=1=FALSE)=TRUE, (M=0.5=T... |None Operation is failed
TC-61 |(D=1=FALSE)=FALSE, (S=1=FALSE)=TRUE, (M<0.5=F... |None [MNOT] Operationisf..
TC-62 |(D=1=FALSE)=TRUE, (=1=FALSE)=FALSE, (M<0.5=F... |None [MOT] Operationisf.
TC-63 |(D=1=FALSE)=TRUE, (3=1=FALSE)=TRUE, (M=0 5=FA_ |None [NOT] Operation is f.
TC-64 |(D=1=FALSE)=TRUE, (3=1=FALSE)=TRUE, (M=0 5=FA_ |None [NOT] Operationisf.. |=
TC-65 |(D=1=FALSE)=TRUE, (S=1=FALSE)=TRUE, (M<0 5=FA...|None [NOT] Operation is f.
TC-66 |(D=1=FALSE)=TRUE, (S=1=FALSE)=TRUE, (M=0 5=FA..|None Operation is failed
TC-67 |(D=1=FALSE)=FALSE (S=1=FALSE)=TRUE, (M<05=F _|None _[[NOT] Operation is I
TC-68_|(D=1=FALSE)=TRUE, (S=1=FALSE)=FALSE, (M<05=F |None _|[NOT] Operation is I
TC-69  |(D=1=FALSE)=TRUE, (5=1=FALSE)=TRUE, (M=0.5=FA... |None NOT] Qperationis f..
TC-70  |(D=1=FALSE)=TRUE, (5=1=FALSE)=TRUE, (M=0.5=FA... |None [NOT] Operationisf...
TC-71 _ |(D=1=FALSE)=TRUE, (5=1=FALSE)=TRUE, (M=0.5=FA... |None [NOT] Operationisf...
TC-72  |(D=1=FALSE)=TRUE, (§=1=FALSE)=TRUE, (M=0.5=FA...|None Operation is failed |=|
a8 1. A Z2YE oz Xks MME HAE AHo|A Za}
Fig. 11. Automated test case generation results from the

decision table
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