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Abstract

Software testing is essential in the software development process. Modified Condition / Decision
Coverage (MC/DC) is a test case derivation technique that enhances the stability and reliability of
software by effectively verifying complex conditions and decision structures. We propose the MCC
Test Cases (MTC) generator in this study. This generator generates Multiple Condition Coverage
(MCC) test cases using binary numbers to confirm the maximum coverage value of MC/DC
testing. The proposed MTC generator utilizes some conditions from the Traffic Alert and Collision
Avoidance System (TCAS)-II specification. It converts them into a Comma-Separated Values
(CSV) file and then validates the coverage results through the VectorCAST program. So, MC/DC
testing was performed using the MCC test case to confirm the maximum coverage value when
performing MC/DC tests for each condition of the TCAS-II specification. This research is helpful
for the verification of MC/DC test cases by confirming the maximum coverage value when
performing MC/DC tests. Moreover, having more test cases increases the likelihood of discovering
defects. Therefore, it can improve the efficiency of software test coverage verification, as well as

the quality and stability of software.
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v
i Step 2 : Find the "if State”
vitinclude<stdio.h>
| #includesstdbool .h> }
e Step 3 : Read All variable
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vint main(void) { ]
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{1 printf("0|5t ZE H=2Fn");
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|1 erintf("End"; Step 5 (CSV) File
Lo Generation
| return O;
| a7 4. 4N 2TRE

a2 2. Celof =



12 20244 88 ADED|CIO{ XA

T8 duglge <29 4>9F o] Step
1o HAE AsmEsl WA Clel 9
2910 9le shal

=3 else~if, elsei-o] AEZ 23 o
t}. else~ifE % ifFolA A= i
) o] FHstshH HAA ZA(HS) 3elo] v}

[‘EI

ot B AFoAME ifiET} else~ifiol
AREE Z2A(HSF)E “if State”® B s
dugFol FASAY. T3 ifE kol %
A& TCAS-I¢l 435 02 E AHEshe
ol a~z7bA 2670 Vi 2o ® A}
&3ttt

2. TCAS-I UMM 70 =719 7=
L Condition
Specifications Count
11ad&(blllc)&&dlle 5
2a&&c&&(dIle)&&h||a&& 7
dlle) & hllb&& (el
3(a&&cllb&&d)&&e&&(fll "
(i 8& (g && j Il h && K))
4(a&&cllb&&d)&&e&&(f 8
&& g Il f && h)
5!e&&f&&!g&&!a&&(b&&c 7
[| b && d)

Step 3olA = ZATAA AlgE ZA9
NrsE T8 glo] gty <E 2> A
TCAS-II ®AA 1HE =2 oA A&
ZAE& a b, ¢ d e F 579 WU /‘}
{5tk MCC HIAE #Ao]~x wpotg
A& ME Nel g 28 st HiE ]O]
TE g 579 WeE F 32719
H2E FAo]~rt AA T

Step 49X = H2E Ao~ 9
T ORE 7R 0FE 312¥-19 FH7hA
ZF 105 2772 Wkt 1035 31
ez Wwalkstd 1111102 % 5x86GYE)
FA gk o] A5 1037 08 23142 W

P>

B34

\)

{

=2
=

gk Al 00000 = A & BtEt 327]14 H]

2E Aolxe] A9 0%FH 313er F 32
g, Z 5H46GAEHE 224 EX*HHC“
Temp[32][5]e] 27FE Al A Fsc). 24}

o FAMEE A olf+= TCAS-II 9
Ao Abgd ME 259 AFr 9=
i Step 44 ¥ 7} HEE Ao| 29| F& 2
A4z |sg A %
o]},

2. CSV A

npA 9k Step 53 Step 49 22 F A )
d& 7IRke g CSV gdg ST <1
H 5>¢] CSV sdell= AE =19 A
TE AxHeRr AAso. =19 JiFUt
074 10019 274 01010= CSV 3
o 1110+DWHA o] A(FE Fw)el 5
Ao 2HAM A B, C, D, E gl A3t
o} ol 2% 13 02 trues} falseE <
sto), AdE CSV g A A(Excel)dll A
HFAdARE Felsto] ABHow CSV #d

[nt

—

2 qstgon, e we s 9
o,
0 0 0 0 0
2 0 0 0 0 1
3 0 0 0 1 0
4 0 0 0 1 1
5 0 0 1 0 0
6 0 0 1 0 1
7 0 0 1 1 0
0 0 1 1 1
0 1 0 0 0
0 1 0 0 1
0 1 0 1 0
2 0 1 0 1 1
3 0 1 1 0 0
4 0 1 1 0 1
15 0 1 1 1 0
16 0 1 1 1 1
7 1 0 0 0 0
1 0 0 0 1
1 0 0 1 0
1 0 0 1 1
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11ad&& (bl ld&&dlle 100
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MC/DC Condition Tables

File: mcdc_test.c

main
Condition 1
File mecdc_test.c
Subprogram main
Condition 1
Source line T
Actual Expression is (a&&(b|llc)) &&d| e
Condition "a" (Ca) is a
Condition "b" (Cb} is b
Condition "¢” (Cc) is [
Condition "d" {Cd) is d

Condition "e" (Ce} is e
Simplified Expression is {{{a && (! b ||l c}) &&d) || &)

Row Ca Cb Cc Cd Ce Rsit Pa Pb Pc Pd Pe

Ml T @ [t gr T T 2
2 F F [F [F IF |F 31
Pa a pair was satisfied (14/30)

all pairs:  6/22 10/26 14/30

Pb a pair was satisfied (2/10)

all pairs: 210

Pc a pair was satisfied (2/6)

all pairs:  2/6

Pd a pair was satisfied (14/16)

all pairs:  6/8 10/12 14/16

Pe a pair was satisfied (31/32)

all pairs:  1/2 3/4 7/8 11/12 15/16 17/18 19/20 21/22 23/24 25/26 27/28 29/30 31/32

Pairs satisfied: 5 of 5 ( 100% )

a8 7. <E 39 1 HMAM =4 MC/DC 22t
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MC/DC Condition Tables

File: mcdc_test.c

main
Condition 1

File medc_test.c
Subprogram
Condition 1
Source line 7
Actual Expression is (({a && c) B& (d [ e}) 8& h || {a B& (d || e)) && th) || b && (e | )
Condition “a" (Ca) is a

Condition "b" (Cbj is c
Condition "c” (Ce} is d
Condition "d” (Cd) is [}
Condition "e” (Ce} is h
Condition “f" (Cf) is a
Condition “g™ (Cg) is d
Condition "h” (Ch) is ]
Condition "i” (Ci) is h
Condition "] (C]) Is b
Condition "k” [Ck} is e
Condition “1" (Cl) is f

Simplified Expression is.  (({{(a &% b} && (¢ || d)) && &) I| (if && (g /I h) && 1)) | G && (k [ )

Row Ca Cb Cc Cd Ce Cf Cg Ch G Cj Ck CI Rsh Pa Phb
/3T T = {F I[F F {F 7 F IF Ig F & 4092 4096  1940,1344,1960,1
0% F F F F F F F F F F F F F 38480
Pa a pair was satisfied (640/4096)

all paws:  3B4/4092 384/4096 640/4092 640/4096

Pb a pair was satisfied (540/1984)

all pairs: 38471940 384/1344 334/1960 384/1980 384/1384 540/1940 6540/1944 640/1960 B40/1980 640/1984
Pc a pair was satisfied (384/960)

all pairs:  384/956 384/960

Pd a pair was satisfied (640/960)

all pairs:  640/956 640960

Pe no pair was satished

Pt 1o pair was satisfied

Py a pair was salished {1952/1984)

all pairs:  1952/1980 19521954

Ph a pair was satisfied (1968/1984)

all pairs:  1968/1980 1968/1984

Pi a pair was satisfied (1960/1968)

all pairs:  1940/1952 1944/1952 1960/1968

Pj a pair was satisfiad (4031/4096)

all pairs.  955/960 1938/1344 193971944 1954/1960 1979/1984 4090/4096 4091/4096

Pk a pair was satisfied (4090/4092)

all pars:  1938/1940 4090/4092

Pl a pair was satised {4091/4093)

all pairs:  955/956 1939/1940 1979/1980 4091/4092

Pairs satisfied: 10 of 12 { 83% )
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