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Abstract The rapid growth of the software size and complexity of modern safety-critical systems has brought many challenges to
the development of such safety-critical software systems. Traditional text documents cannot guarantee the development progress
and system reliability requirements. For this reason, this paper proposes a formal form requirement modeling method with both
readability and automatic analysis. This paper introduces a method for automatically generating test cases for this tabular model.
The work includes semantic analysis of the formal requirements tabular model, establishing the control tree structure of the re-
quirements model,and obtaining its test equivalence classes. In order to reduce unnecessary testing,test path constraint selection
methods are proposed based on those criteria. Through performing domain error test case selection, test cases are generated for
each path constraint selected, which makes up a test case set for the requirement. At last,to demonstrate how we generate test ca-

ses form a requirement model,a case study is given.
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Table 1 Example of condition table
Mode Pressure Condition
High, Permitted True False
ToolLow Overridden Not Overridden
SafetylInjection Off On

if Pressure=High\ Pressure= Permitted \| (Pressure= TooLow A\ Overridden= true)

ON, if Pressure= TooLow N\ Overridden= true
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Fig. 1 Overview of test case generation methods based on

VRM requirements model
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Table 2 Model element division of tabular function Fg
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HiA:D={Li Ly, Ly ERA
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L. Liem<GetBaseltem(D) //4» 2% 4 ik 5
2. Ligse < GetBaseClause(D)
3. Letause < GetComplexClause(D)
4. InitRange(D, L)
5. InputVars<GetlnputVars(D)

6. Foreach var in InputVars/ /% BT A 2% & $h 1
7 SubstitudeVar(var. Bound, D)

8. p. var<—var. Bound

9 Propaga() // ] H Al A8 & i 5
10. End

11. Return p

(O E LR RA T ZHREL SR 3 2K,
DEART, — AN AERE S - N ERAZERER, N <
0,y>9 &,

DEEAFA] AR RS BB R W o+
y>10,cos(x)>0.5 &,

DHEIRFR AR ZANXR, KRGS ELAHA LT
Bt a+y>z2 %,

(ORI AT A F ] 3R ik
W R B 1 AR e ) B

(BB AP — AR BB A AR T 5 Rk
SR IR RO B A A e R TR S A B
HApl,

WEHRARHM B RGEE, EEZLEQ —LRWEY

20 46 A 38 e

Bk,
(5) 24 BT A7 A2 &5k B0 IR 8 0 2 5 s A3 2 — A BT

AR P e 114 00 1 051 AT 0 3 4 0 4 A A R
{EL B4 56 J5 U, B AT A5 30 A ] 10 38 100 o 4 Al ik P 1) e 4 45

A I 3P 51 3 0 e R v R O 4 A R A JC:L_

T LY TR i, JF L B — A2 i Y i KA 5 R/ ME AT A
LT#E?;ZEE’%Y% ﬁ%rz”&wﬁﬁﬁmﬁﬂﬂ‘,i‘%%ﬁ/\ﬂ*amﬂf
TE W 5% i B TR R A L S AR T LR S 4 1 A A (AT TE bh R
MR WK 7

6 SEBIFFR

FRAT 308 3k — A 1T B 54 7 51 9 R AR SO I SRR AR E Y
i SRHEAT I A A ) P 80 ) 2 A 30 5 SR S B 35 AR A
FHIZT7 ¥ A R B4R T 5 d5 J5 18 ol g R 52 B W00 0 A 4
BREE E ATl A 4 T AT R R AR R L O 2 AT I
R
6.1 THKXEH

FAFNN T — T B RGP0 — A UK,

F4 —AXARRBMTR

Table 4 A text form requirement

%7 ok

R AUHLH & % 49 Navigation Display & 7 # 7T ¥ H — A 7 F it
BEEEMER AT ARAARIR G — S RE NN ME AE A,
HE AR T

getWayPoint [ Locl] [Loc2 | END| Count]

B NBUNETHL RN NENRES S . — A Short A 4,
2 ERAEMNBEAY ;B ELAELEMERTERAKEEN,
& K 3% @ % 10000

FEANBEAETEL TN MEENGEE. WREZTHE Loc2, N
PETEL TS CERASH T E%F N — A Short & # 3,
HSRARFRETFRES S, BB Loc2 4 sk 5 78 5 FF AL & 51 & &

3 AEEN. wRE A5 B0 END P2 NS T 2 5 %k KR
FAMBEDERE THE; WRES A S BN Count, Count 3
# Short & B # ,Count 1 Locl 2. fo 7 f # 1t LIrth 7] & K & +1;
#H W BGA R A K Count, 4 1

EREMBAEGRE AT X EFA NE L KEELN —
#a .
4 {WayPiontl, WayPoint2, WayPoint3, WayPoint4 |
HE#® Locl HEE . REERLTBWAE A KE S K. EANBELH
BEA 4. Locl B AR —NMHEBEET

THFEAENEEET.

1. E1 7 % &9 38 Al # R
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3.E3 WKW ME A KT ECH 0 AL




22

Computer Science THEHLEIZ  Vol. 48.No. 5. May 2021

FATOF BTG R BEAT AR, B0 RO B9 VRM AR A 40 4
P o LA
MV={ExistParml,Locl,ParmType,Loc2,Count}
AR Y Sk 5 A,
x5 OMHAEE

Table 5 Monitor variables

4 Ei o %A 3% Bl
ExistParml % — A58 EFE? Bool (T.F}
Locl % —NEH Short Short
ParmType E NS EAR ENUM (‘iljzl;)’i;z;i;
Loc2 HRAMEE Short Short
Count ¥ E Short Short

TR 3 A AR 1, BRI .
CV={errorType.isMultiPackage,isFirst}
YA LNk 6 B,

*o6 ZEEER
Table 6 Controled variables

4 Wk *kA i
errorType #iRAA ENUM {NONE,E1,E2,E3}
isMultiPackage [t 347 & 54T Bool (T.F)
Locl ff %y AL % & =
isFirst xS & R Bool {T.F}
ERE

K2 A dE 8 A ] AR i
IV = {isLoc1Valid , isParamlExist, isParam2Exist,
IsLoc2Valid , isCountValid, isOverFlow, isBel-
lowZero )
rh B) AR Y S SCENER 7 BT
# 7 PlE AR

Table 7 Inner variables

EX S HH# ] &
isLoclValid Locl & % Bool {T.F}
isParamlExist %% 1 %4 Bool {T,F}
isParamlValid %% 1 &% Bool {T.,F}
isParam2Valid %% 2 &% Bool {T,F}
isParaml1Exist %% 2 H# % Bool {T,F}
isLoc2Valid Loc2 &% Bool {T,F}
isCountValid Count 4 % Bool {T.F}
o — . TN

isOverFlow Z;igigi;ggﬁﬁ? Bool {T,F}
isBellowZero HERWMEART A S Bool {T.F}

X g — A () AR e K AR A, B A — A N R ) R
e B IR TS I8, 6 8 — 3£ 10 {UF T % 4578 B A R A%
£ RIKEEEF
Table 8 Table function F;

Mode Condition

isParam1Valid &.

<P, Walid & NOT(isParaml 5O isBel
N urum “ Zﬂ : Valid &. isParam? I:\ ver lowZe-
NOT (isOverFlow) & Valid) Flow
NOT(isBellowZero) ot e
errorType NONE El E2 E3

£ REELF,
Table 9 Table function F;

Mode Condition

errorType=NONE &.
((ParmType = END &
(ExistParml=F|Loc1<C
MAX—4) | ParmType =
Count & Count™14) |

( ParmType = Loc2 &
Loc2—Locl1>>4))

errorType = NONE &
NOT((ParmType =END &.
(EzistParml = F | Locl <<
MAX—4) | (ParmType =
Count & Count > 4)

( ParmType = Loc2 &
Loc2—Loc1>4))

isMultiPackage T F

# 10 FAFHREF;
Table 10 Table function F3

Mode Condition

errorType=NONE & errorType= NONE &.
((EzistParml = F | Exi- NOT((ExistParml = F
stParm1=F&. Locl % ExistParml = F&. Locl%

4=0) 4=0)

isFirst T F

6.2 ¥ AR 45 # £ AN I B 12 4R EY

FOATRL 5 4 7 Y 1ok 2B B R A Ak A R 45 A L
SRR R 25 M i 6 iR . Hod, C W A RN R
e SR AT e B B B 2R L D Y S 3 s A B e B Y A
RUHTE AT 45, S N7 AR B B T A B TR Y R
1E 1% L

P 6 T RO ity 4 o Ak 225 4%
Fig. 6 Control tree structure of requirement model
6.3 ik AHIEE
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Table 11 Test cases set
No. EAE ERRE ParmType Loc2 Count
errorType isMultiPackage isFirst ExistParml Locl

1 El — — T 10000 END — —

2 El T 10000 Loc2 10000

3 El - — T 0 Loc2 0 —

1 E2 — — F — Count — 10002
5 E2 T 0 Loc2 10001
6 E2 - — T 0 Loc2 — 65535
7 E2 — — T 10000 NONE — —

8 E3 T 10000 Loc2 0

9 E3 — — F — Count — 0
10 NONE F T F — Count — 1
11 NONE F T F Count 3
12 NONE F T F - Loc2 3 -
13 NONE F T T 10000 Loc2 10001 —
14 NONE F F T 1 Loc2 4

15 NONE F F T 9997 Loc2 10000 —
16 NONE T F T 1 Count 9999 —
17 NONE T F T 3 END

18 NONE T T T 9992 Count — 8
19 NONE T T F — END — —
20 NONE T T T 5 Loc2 10001
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