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Method for Coupling Analysis of Requirements Models Based on Variable Dependency Relationships
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2 Zhongxing Telecom Equipment, Nanjing 210000, China

3 College of Computer Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China

Abstract The airborne software is a typical safety-critical software,and its development and verification process is strictly regu-
lated in the aviation industry. The complexity and diversity of airborne software make requirements analysis a crucial area of re-
search. Particularly during the requirements verification phase.it is essential to focus on the interaction patterns between system
components and whether the dependencies between variables meet expectations. Therefore, This paper proposes a coupling analy-
sis method based on the VRM model for airborne software requirements, which defines the dependencies between variables in the
requirements,and measures the data coupling and control coupling between system components through metrics. In order to solve
the deficiencies of the coupling analysis technique based on the requirement level, this paper uses the VRM model as a formal re-
quirement model to model and analyze the system requirements at the system requirement level, which effectively supports the
relevant requirements of DO-178C for data coupling, control coupling and software components. Secondly, this paper proposes a
coupling measurement method based on the hierarchical dependency relationship between variables, defines the relationship be-
tween variables as an n-forked dependency tree structure,and uses a series of algorithms to classify the weights of the variables to
measure the coupling degree by constructing variable matrices,demand variable dependency trees,etc. » which forms a prototype
for analyzing the data and control coupling based on the dependency relationship of the variables. The research in this paper
breaks through the coupling analysis technology based on the requirement level, which provides help for the design of complex
systems and improves the quality and reliability of airborne software development.

Keywords VRM modeling,Data coupling,Control coupling, Demand variable dependency trees
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Fig. 7 Component variable relationship matrix
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&%k 1 Component Coupling Algorithm
A - VRM

LA e i

1. Initialize CVmatrix
2. set CVmatrix[0][j]=CVmatrix[i][0]=component
3. set CVmatrix[ 1][j]=CVmatrix[i][1]=variable

4. Build requirement variable dependency tree

5. Define function build_tree(root, children_vals)
6. for val in children_vals do

7. child= build_tree(val[0],val[1:])

8. root. children. append(child)

9. end for

10.  root=build_tree(root_val,children_vals)

11. Calculate variable weights

12, MC=vrm. getValue(weight)

13.  mean=sum / len(values)

14. Initialize squared_diff_sum as 0

15.  for value in values do

16. squared_diff= (value - mean) * (value - mean)
17. squared_diff_sum +=
18.  end for

squared_diff

19.  SC=math. sqrt(squared_diff_sum / len(values))

20.  HC=(depth— O(1))/depth ¥ (sum(O(t)node)/ sum(node)/
pow(2,depth—1))

21.  Define Weight(n—>m) as MC * SC * HC

22. Calculate data coupling and control coupling

23. dataCoupling= sum(CVmatrix(input) + CVmatrix(output) +
CVmatrix(intermediate))

24.  controlCoupling=sum(CVmatrix(modeClass) )

25. set CVmatrix as CCmatrix

26. for variable in CCmatrix do

27. dataCoupling—CCmatrix
28. controlCoupling—>CCmatrix
29. end for

30. return CCmatrix
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Table 4 Variable standard deviation coefficients

- xE G HE sc
1 mcModes FM 15 2.395
2 meclsThisSideActive IM 14 2.313
2 tTurnModesOn M 1 0.618
2 tTurnModesOff FM 1 0.618
3 mclndependentMode IM 2 0.874
3 mcPilotFlying PF 1 0.618
3 tOffsideModes OF 4 1.236
3 mcOnsideFD FD 2 0.874
3 mcOffsideFD OF 4 1.236
3 mclsAPEngaged AP 4 1.236
3 mcAP AP 1 1.236
4 tIndependentModeCondition IM 1 0.618
4 tTransferSwitchPressedSeen FCP 1 0.618
4 ipOffsideModesOn OF 2 0.874
4 tTurnFDOn FD 1 0.618
4 tTurnFDOSf FD 1 0.618
4 ipOffsideFDOn OF 2 0.874
4 tEngage AP AP 1 0.618
4 tDisengage AP AP 1 0.618
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Fig. 9 mcModes demand variable dependency tree
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