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Generating Test Cases and Scripts from Requirements
in Controlled Language

Hye Jin Han" - Kihyun Chung™ - Kyunghee Choi™"

ABSTRACT

This paper proposes a method to generate test cases and test scripts from software requirements written in a controlled natural
language, which helps develop reliable embedded software. In the proposed method, natural language requirements are written in a
controlled language, the requirements are parsed and then inputs, outputs and operator data are extracted from the requirements. Test
cases are generated from the extracted data following test case generation strategies such as decision coverage, condition coverage or
modified condition/decision coverage. And then the test scripts, physical inputs of the test cases are generated with help of the test
command dictionary. With the proposed method, it becomes possible to directly check whether software properly satisfies the requirements.

Effectiveness of the proposed method is verified empirically with an requirement set.

Keywords : Test Case Generation, Test Script, Controlled Requirement, Test Coverage, Test Case Auto Generation
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Fig. 1. Flow Diagram for Generating Test Cases and Test Scripts
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Table 1. STK System Rule Examples[10]

System Rule
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Rule 1.3 | ©¢] SRS 35 WA= WME AA ) el 243}
Table 2. STK Writing Rules[10]

Writing Rule
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Table 3. An Example of Data Extracted from Requirement

Extracted Data from
Requirement

Al2~"IA 9] SensorA, 7} 200,
o]/ o], SensorB, 7} 300,
o3}, o], A12HC, o,
OutputA, &, 7+e, &k

Requirement

A 2=®1A 2] SensorA7F 200
o]4e] L, SensorB7} 300
ojsto]d, Al 2=ECe]
OutputAE 7} 3trt.

(Symbol) /€ o] 435]L 7
H(Max Min Range), $/Z% ©@$](Unit),
% Fel(Data Type)olth.

Fig. 59 94/ AR o)A A27 FE= SystemA,
SystemB, SystemC ©]t}. ¢1/Z% ¥ (Name)> A A 87-AFS
ol At-g¥ 9/E8 WS vt} Fig. 5914 +& SystemAz}t
= A28 e Yol SensorA, SensorB, SensorCéltE 9/E9
o] ZAE o] gtk A/EF2 AEW(Symbo)S Y/EEHOR
HEolXl H2E Ao ~REE HAE AAYHEES AT )
AHEEE O R HAE AAYEA A= 9/ HE
ojujgth HAE 23 HE Y8 st “Sysln"S, &
& E49, Sysln_SensorA

=2 ’ £ &
£ H2E g Azsdel dEg ovg
Type Name Symbol Range Unit |DataType]
Min | Max
Sensard Sysln_Sensord | -30 | 1000 real
Systemdb SensorB Sysln_SensorB 0 | 2000 real
SensorC Sysln_SensorC 0 1 bool
SensorD Sysln_SenzorD 0 | 7000 int
SystemB SensorE Sysln_SensorE | -500| 500 int
Sensorf SysIn_SensorF 0 500 int
Outputd | SysOut_Cutputd | 0 1 bool
SystemC OutputB Sysout_ OutputB | 0 1 bool
OutputC Sysout OutputC | 0 1 baool
Cutputh | Sysout OutputD | 0 1 ool

Fig. 5. An Example of Input/Output Information
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Table 4. The Comparison Operators

Operator Comparison
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Table 7. The Converted Requirement

Extracted Data from

. Converted Data
Requirement

o] A}

2AY 2y

2t
- Fsic}

o]t}

Al Z="IA, 9], SensorA, 7t
200, o1, °]aL, SensorB, 7F,
300, ©13t, o]¥, Al2=EIC, 9|,

OutputA, &, 7he, 3.

SystemA SysIn_SensorA >= 200
&& SysIn_SensorB <= 300,
SystemC SysOut_OutputA == 1

Ay
A}

< S]]
7t

ik

o4t
AAY 2

Q)
ol
: A5
A%

Table 5. The Command Operators

Operator Command

FALSE
0 7]

AL

TRUE
)
57
45

Table 6. The Link Operators

Operator Link

&& ™A

Table 8. The Structured Requirement Data for Table 7

Data Structure Data
System SystemA
Input Data Iput SysIn_SensorA >= 200 &&
SysIn_SensorB <= 300
Output System SystemC
Data Output SysOut_OutputA ==
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ot
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Table 9. Test Case Examples for Different Test Strategies

Test Case
Coverage
No. Input Output
S A >= 200 &&
T | T OutputA == ON
Decision SensorB <= 300
Coverage ey | SemsorA <O & |
SensorB <= 300 b
SensorA >= 200 &&
T3 | U OutputA == ON
Condition SensorB <= 300
Coverage SensorA < 200 &&
TCq | O OutputA == OFF

SensorB > 300

Tcs SensorA >= 200 && OutoutA == ON
SensorB <= 300 o

SensorA < 200 &&
MC/DC TC6 SensorB <= 300 OutputA == OFF

SensorA >= 200 &&
T A == OFF
7 SensorB > 300 Output ©

o8 75 HAE AHYAE T
_Or]fgﬂ 2 iﬂg,] Ei_—Laug Eﬂ/\E ﬂo]/\ A A] é
HE A, 210 AR, 49 20 24 ARZAE 483t
o] HIAE Alo|~& A= o & Helth

Table 82] Input¥®} Output* @ “Sysln_SensorA >= 200
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AW A E A L3 Table 99 22 HAE Aol~& A
g+ Utk

o_>L o, Fl
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Type Name Symbol Range Unit  |DataType|
P 4 Min | Max P

T SysIn_Brightness | 1 | 1000 |flux real

Az 2c SysIn_Temp -50 | 300 |degree |real

2c SysIn_Mode 0 1 bool

i SysIn_Altitude 0 |7000|m int

Az b SysIn_Accelation |-500| 500 |km/h int

Al ZH SysIn_Time 0 | 500 |sec int

Channel0 SysOut_Cho 0 1 bool

Channell SysOut_Chl 0 1 bool

Channel2 SysOut_Ch2 ] 1 bool

= Channel3 SysOut_Ch3 0 1 bool

EE Sysln_Distance | 0 | 2000 |km int

HES SysOut_Lamp ] 1 bool

oAb SysOut_Missile ] 1 bool

&5 SysQut Heater | 0 1 bool

Fig. 8.

Input/Output Information for the Requirements
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Data Output SysOut_Chl == 1
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1C1 R1 1 - - - 0 - - - - B B B
TC2 Rl 601 1 -
TC3 R2 - - 1
TC4 R2 - 31 - - -
TCS R3 - - 0 1
TC6 R3 - - 100 B B
TC7 R4 - - 100 1
TC8 R4 - - 0 B
TCY R4 - - 300 -
TC10 RS - - 300 1
TC11 RS - - 0 B
TC12 RS - - 500 B
TC13 R6 - - 500 1
TC14 R6 - - 0 B
TC15 R6 - - 1000 -
TC16 R7 - - 1000 1
TC17 R7 - - 0 - B B
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Fig. 10. The Generated Test Cases Adequate to MCDC
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Inst. group | TIME
TIME(#t) #t
Inst. group | TIME SysIn_Altitude
Altitude(#a) 0 -0
15 1000 * #a
Inst. group | TIME SysIn_Speed
Speed(#s) 0 5000 + #s
Inst. group | TIME Sysin_Atm
Atmi#a) 0 #a
Inst. group | TIME Sysin_Gyro
Gyro(#q) 0 10 * #g
Inst. group | TIME Sysin_Mode
Mode(#m) 0 #m
Inst. group | TIME SysIn_Launch
Launch(#) 0 #
Inst. group | TIME SysIn_Distance
Distance(#d) 1000 | #d*511/600*5 /1023
Inst. group | TIME SysIn_Brightness
Brightness(#b) 0 1000 * #b
Inst. group | TIME Sysln_Temp
Temp(#t) 10 100 * #t

Fig. 11. The Command Dictionary for the Experiment
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Fig. 12. Generated Test Scripts
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