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Abstract: The increasingly complex multi-level functional requirements bring challenges to the design and
development of safety-critical airborne software. A formal modeling and analysis method of software
requirements with hierarchical semantic characteristics for avionics is proposed. Firstly, a hierarchical formal
requirement model is constructed. Hierarchical variable relation model (HVRM) adopts the typical concepts,
such as functional module attributes and ports in the engineering domain, to describe the hierarchical feature
semantics of system functions, and it also has the formal semantics based on the table form in the original
variable relationship model (VRM) , which can represent the semantic information of various types of
requirements, including conditional, event-based, and multi-dimensional modes transformation, etc.
Especially, consistency and integrity constraints are established based on requirements consistency and
integrity demand. Secondly, a processing framework is designed to model engineering itemized requirements
into HVRM model, and the processing function and requirement traceability function are implemented and
integrated in a hierarchical avionics requirement tools (HART) , which is an airborne software requirement
tool platform. Finally, taking an automatic flight control system as a case, the requirements of the flight mode

logic function are modeled and analyzed.
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Fig.2 Overview of flight modes
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Table 2 The mode transition table of mcDecluttered
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Table 7 Domain data types

U EAE A B {1 42K i B2
Boolean Boolean True, False —
EulerAngle Double —180.0,180.0 0.1
Angle Double 0.0,360.0 0.1
Valid Enumerated  Valid, Invalid —

Calculate_Value_Status Enumerated Valid,Invalid,NCD —

*8 THWTEEFTHBAITE
Table 8 Variables in the domain item set
Gy U E A 2 Y 251 HIHRE KERBLA A
iv_Roll_Angle_Value_Valid Valid LN A Invalid ¥
iv_IR_Roll_Angle_Value EulerAngle LNy 0.0 Jo
iv_Horizontal Stabilizer Valid Valid LN Invalid ¥
tv_Min CONF _Of APFD _Enable Boolean (] A5 False 7
tv_.When ASEL Armed Boolean (] A5 B False g
tv_When_FPA _Engage Boolean ] 25 False I
ov_Is_FPA _Engage Boolean Hay H A False Jc
ov_Is ASEL Armed Boolean Hay H A False J©
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Fig.7 Normalization of requirements
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Table 9 Examples of normalized requirements
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Table 10 Six mode classes for modeling from different perspectives

(5 TAEREA AL
mcAP mDisengage, mAvailable, mEngage —
mcFD mStanby, mAvailable, mEngage, mDisengage —
mcModes mOn, mOff —
mcVertical Mode mVStandby, mFPA, mASEL, mALT, mVS, mFLC, mGS mcModes/mOn
mclLateral_Mode mLStandby, mROLL, mLNAV, mLOC, mBC, mHDG_TRK_SEL mcModes/mOn

mcRoll_Mode

mUndefined, mRoll_Hold, mWings_Level, mHDG _TRK_Hold

mcLateral Mode/mROLL

P11 JB/R T S B @ 0 Ge it 45 3, T SR 4%
H 403 o 2 AR LR 34 4 3 R A7 1A . TiLAb
FEBY BN 174 25 FGCS 75 2R Hr i B8 H 101 25 AH K75
KR4 19 BB, oK KEHE 124 5%
5 24 A~ AE AR 65 AR R Y AR G AR

H R 6 AR AR 26 S TR R R 86 A =
e r . SRERE 145 SR A AR i 404 934
fay AR 324 ) AR &L 20 A i AR 5 R 16 A
B e, MV A TR AR S T 135 &M ik
TR LA A 33 SR TR 102 S SR R oK L IT



%13

ERRR A LA PR R WAL TR SR I8 AL 4 5 2 203

T 25K MFM 29T F M

% 11 FGCSZEHEEM K
Table 11 FGCS instance modeling scale
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Table 13 Requirement containing event consistency error
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Table 12 Analysis results of FGCS model
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