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An Approach of Test Case Generation for Control Software

MAKOTO ISODA"T YUICHI TOKUNAGA

Embedded control software has to fulfill high level requirements for functionality and extensibility, so that it becomes difficult to
implement such complex software correctly. It is certainly needed to assure quality of software, moreover needed to improve
productivity of software testing and system testing. In this paper, we propose a test case generation method using formal
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verification technology. This method allows us to achieve enough code coverage in software unit and component testing.
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13, 14 T AJIZE% (ex_cruise_controller
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/* Block states %/

D_Work_ex_cruise_controller ex_cruise_controller_DWork;

/* External inputs */

External Inputs_ex_cruise_contro ex_cruise_controller_U;

/* External outputs */

ExternalOutputs_ex_cruise_contr ex_cruise_controller_Y;

/* Model| step function */

void ex_cruise_controller_step(void)
{

boolean_T rtb_ActiveControl;

real _T rtb_Sumi;

real _T rtb_Switch3;

if (ex_cruise_controller_U.set) {

rtb_Switch3 = ex_cruise_controller_U. speed;
} else {

if (ex_cruise_controller_U. inc) {

rtb_Switch3 =1.0 + ex_cruise_control ler_DWork. UnitDelay_DSTATE;
} else {

if (ex_cruise_controller_U.dec) {

rtb_Switch3 = ex_cruise_controller_DWork.UnitDelay DSTATE -
1.0;

} else {

rtb_Switch3 = ex_cruise_control ler_DWork. UnitDelay_DSTATE;
}
}

}

rtb_Suml = rtb_Switch3 - ex_cruise_controller_U. speed;

rtb_ActiveControl = (ex_cruise_controller_U.enable &&
(lex_cruise_controller_U.brake) &&
(ex_cruise_controller_U.set ||

ex_cruise_control ler_DWork. UnitDelay1_DSTATE)) ;

Vol.2012-SE-178 No.8
2012/11/1

if (rtb_ActiveControl) {
ex_cruise_controller_Y. throt = 0.02 * rtb_Suml + 0.01 *
ex_cruise_control ler_DWork.DiscreteTimelntegrator_DSTATE;
ex_cruise_control ler_DWork. DiscreteTimelntegrator_DSTATE = 0. 01
* rtb_Suml +
ex_cruise_control ler_DWork.DiscreteTimelntegrator_DSTATE;
if (ex_cruise_controller_DWork.DiscreteTimelntegrator_DSTATE >=
5.0) {

ex_cruise_control ler_DWork. DiscreteTimelntegrator_DSTATE = 5.0;
} else {

if (ex_cruise_controller_DWork.DiscreteTimelntegrator_DSTATE <=
-5.0) {

ex_cruise_control ler_DWork. DiscreteTimelntegrator_DSTATE =
-5.0;
}
]
]
ex_cruise_controller_Y. target = rtb_Switch3;
ex_cruise_control ler_DWork. UnitDelay_DSTATE = rtb_Switch3;

ex_cruise_control ler_DWork. UnitDelay1_DSTATE = rtb_ActiveControl;
}

14 Simulink 7 /L5 BEIAR Liza— K (2/2)
52 ZAXTERBLETAMr—X

4 BEBTHIALEZTALITY X LD 7 a—F ¥ — MIB» T,
FEERLEDTK 13, ¥ 14 0FEEa— REEHR L7
Bl KEXNTERLET A M —XZOWTHPT 5.

13, X 14 OFEHE a— R 628 M U 7 REEK 7L EE o
— F#[¥ 15, 16 12T, a— ROEHHIC, 2 AT v
H LI AN F128%0 (ex_cruise_controller_U02 72 &) % ¥t
TIZEFR L TRY, KEEEH (ex_cruise_controller_DWork)
DEHEITALAFE L TR W, C EEHBEK
(ex_cruise_controller_step) &> IBUNKI_ 0] TBUNKI 1]
REN, FEiEa— PR O IGERT A2 BERIZERR] L TR
L7 Iitsk X CTh 5. C SREBEE, 1 A7 v 7HND
JE 22 \ZHEEEA T TR L CHEEE L2 b DL o TN D,

D_Work_ex_cruise_controller ex_cruise_controller_DWork;

External Inputs_ex_cruise_contro ex_cruise_controller_U;

ExternalQutputs_ex_cruise_contr ex_cruise_controller_Y;

External Inputs_ex_cruise_contro ex_cruise_controller_U02;

ExternalOutputs_ex_cruise_contr ex_cruise_controller_Y02;

()

13 Simulink 7 A EHEIAER LZa2—F (1/2)
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void ex_cruise_controller_step(void)
{
boolean_T rtb_ActiveControl;
real _T rtb_Sumi;
real_T rtb_Switch3;
if (ex_cruise_controller_U.set) {
BUNK1_0:
rtb_Switch3 = ex_cruise_controller_U. speed;
} else {
BUNKI_1:
if (ex_cruise_controller_U. inc) {
BUNK1_2;
rtb_Switch3 = 1.0 +
ex_cruise_control ler_DWork. UnitDelay_DSTATE;
} else {

(LABE 4 BK)

X 16 REEEFAE o — K (B (2/2)

B 15, X 16 OREBKIFLIE = — A EH#H L 7= SMT B
XzxK 17, 18 1275, SeEE® [declare-fun] MNEHE
STHY, SSAEATOMREIICIY, BHEAICHE
EAINENTYWS (BUNKI_0_10, rth_Switch3 11 72 ).
lassert] CTHEN TV AE O BNHIEHETHY, [=>] &
THUTHKES EBor DY if L&KM, FDH%D Tand) THE
SNTEHSR—EOMA L ERT. HIEERE R L OGM43
T, 1T Int, Real, Bool, B X2 b OEFNCEH L,
EEIIEMEE T (+, -, % [, -(A), BREET (<,
<=, >, >=, =, distinct), FMEEE 7 (and, or, not), fX
ANFERET (3, By MERET (& |, & <<, >>, ~) I
5.

(set-logic AUFNIRA)

(declare-fun D_3683_9 () Int)

(assert (<= 0 D_3683_9))

(declare=fun BUNKI_0_10 () Int)

(declare-fun ex_cruise_controller_U.speed () Real)
(declare=fun rtb_Switch3_11 () Real)

(declare=fun rtb_Switch3_2 () Real)

(FER)

(assert (

= D_3683_9 ex_cruise_controller_U.set

))
(assert (
=> (distinct D_3683_9 0)
(and
(= BUNKI_0_10 0 )
(= rtb_Switch3_11 ex_cruise_control ler_U. speed )
(= rtb_Switch3_2 rtb_Switch3_11)
)
))

X 17 SMT B Bk (1/2)
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(assert (
=> (= D_3683_.9 0)
(and
(= BUNKI_1_12 0 )
(= D_3687_13 ex_cruise_controller_U. inc )

))
(assert (
=> (and (= D_3683_9 0) (distinct D_3687_13 0))
(and
(= BUNKI_2_14 0 )
(= rtb_Switch3_15 ( + UnitDelay DSTATE_6 1.0 ) )
(= rtb_Switch3_2 rtb_Switch3_15 )

))
(L&)

B 18 SMT B (k) (2/2)

B 17, I 18 @ SMT B D43l Fiéksr (BUNKI_0_10
7o &) T T, S ST~ OB W BE, S BIEARRE A AT L,
BIERTRE DL AIIANIEEE Z kD 5. SMT solver 1%, pH
FAFIH FTHE 2 CVC3[10]Z £ H 9% . SMT solver Ci#sT L 7=
FE, BIEARRRETIXR L, AR LIZRERIIANT A b7
— 2% 19 TR T. EAT v T OANNEHMEOMIL,
(brake, dec, enable, inc, set, speed) %9, 7 A b —2HK
X7, HE2 AT v 7 THIEH L P08 100% &0 9 FRFT
fER Lo,

No 1A7 v 7 H 227 w7 H
1](,0,0010 |—
21(0,0,0000 | —
31(0,0,0,1,00 |(0,0,0,0,1,0)
41001010 |[(0000 10
5((0,01,010 |(0,0,1,0,0,-501)
6(0,01010) |00 100 501)
71(0,1,0,0,0,00 |(0,0,0,0,1,0)

19 AR LTERERFIATIT A N r—2A

AFRKOT NI XLOEL S EMHHET L0, K 19
DRERINATIT A N r—RA %K 14 OFEEHEa— NZHEERIC
AL TEMESHE, GNU geov Z AWV THl N Ly PR
ZRE LT, ZORER, /SIS0 DRI 100%E 2D,
TNATY XALOERRIEL S ZHERTE.
6. REAXDFEM
6.1 RBEFI— FEBRDEFE

Simulink €7 /L0 5 BEIER L7z C SR %321,
AT » TN 0T D RIBIRAFAL L 2 BT 5 — > DBIE
WA 27 0T ) ALEHE L. £z, V—7 I
ONTIE, —RICa—F 4 v T HHITL— T R HIR &
N5 Enn, B EROE TEBAREEE L.

ZHiC kY, BEOATBRESCHIERGNLDOT7 4 — K
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Ry ZIZHSWEHIBEEE S LAY 7 b =T Off
MDA & Ip e, F72, KRG = — FEBRITY — L 5E
ELTHBML LT, BBHEYHEOIEELH OB
A5,

—J5, Simulink EF7 /A0 6OHBVAERIZIRE L E LT
b, NA XU E ST C SREMENERSIND Z N D
HOT, KIS LET AT Y RAOKBEBULETHS.
6.2 O— FHIEEEREH O

6.1 TAEH:LI-IREBIRFAHE o — N, BRito—f#
T&H D SMTsolver fla— RIZE SICEHL, DN
T 100%% KT D RERFIAT )T A N r— A& BT DT
NIV XLERBE LT, £z, FEEa— RPOREARERS
(7Y Ra—RMEbha{ffEd sl LamEs Lz

ZHuC kY, HIEY T vU =T ORI - &EL
DFEME L T D HAK - SIW FEEGRBRCEER, #EEa—Fo
WIEZ MRS DT A M —ADERNBFREE R odz. Eiz,
6.1 LRIERICY —VFEE L CHEME L.

—705, SENIEM ZRWE=T AT Y XAOFEARRIEL
SOfEBICE E- TS, AR LT A Nr—ADONEA+
G, B R UENT BN R ORI AL ETH .

6.3 SERDFEE

6.1, 6.2 DFHIFE RS OSE R A LT

(d) ARBEMTE 1 — RZHIZ S TIE, Simulink T B B4 5%
SINDHRA L HUHEE ST C BT xS L, KB
FICHATABOAMER EXE5.

(b) =— RHEEERATICOWTIE, 7 A M — 2D NE
o3 & FEAT LB R DR 2 D, T A R — A fE
B T D HIE R & RS 5.

7. BbHYIC

ARETIE, HIEY 7 b =7 OBRESRIL - miE Lo
SR L 72 DR - SIW RS ARBROILY fLA L LT, il
7 bU = TICHEDRBIRFAI 2551, FEda— R
DI TS BT 5 12 O D A FI LS & it L TR S
ANDT A Nr—R2 % BEVERT 2R ERE L.

HARB9IZ1Z, Simulink &7 425 HEVER L7- C S35
a5, WEAT v ATl D IRBE AL 4 i
D00 ERTHIT T XA LE. £
TEZMRFED—FETH 5 SMT solver Z VT, 43I N1
¥ 100% % KT DRFRIIATIT A N — R %R T 57
T Y X LR LT,

ZHIZEY, WBEOANBRESCHIBESSENSD T 4 — K
Py ZITHES WIS LA R Y 7 7 = T O
WIS Ffe & 7p oz, £z, BE - SIW R CEHER,
Fiko— NOWEEZEET 2T 2 N — 2 O/ERS AT EE
otz SEBER L7 AT XY —/LEEL THE)
L L7=oC, BRI YHE OEEAMOEBRN LIAD 2.
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