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Abstract: To seek the practical foundation of base process activities (BPAS) in the software
industry and to support the research in modelling the software processes, a survey has been
designed and conducted worldwide. Seven processes with 63 BPAs for object-oriented
reengineering have been modelled and analyzed as a subset of the survey. This paper reports the
survey findings on the BPAs for OO reengineering processes. Each BPA in the reengineering
processes is benchmarked on the attributes of mean importance and the ratios of significance,
practice and effectiveness. Based on the benchmark data, the OO reengineering processes in a
software organization can be diagnosed and evaluated quantitatively, and process improvement
opportunities can be identified and prioritized based on the importance and effectiveness of the
BPAs within the processes.
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1. Introduction

The processes for OO reengineering have been modelled in a software process reference model
(SPRM) [1-3]. A current worldwide survey of base process activities (BPAS) towards software
process excellence [4-5] has been conducted by the Research Centre for Systems Engineering at
Southampton Institute UK, in collaboration with the European Software Institute (ESI), IVF
Centre for Software Engineering and BCS QSig. Based on the SPRM and the survey, this paper
reports the findings and benchmarks on OO reengineering processes. The paper contains detailed
and quantitative evaluation on a set of 63 BPAs in seven OO reengineering processes. For each
BPA, aset of practical attributes, such as the mean weighted importance in process and the ratios
of significance, practice and effectiveness, are derived and benchmarked.

2. Model of OO reengineering processes

Based on the structure of the SPRM, a summary of seven empirical processes with 63 BPAS are
identified for OO reengineering in the software industry. These OO reengineering processes are:
a) requirement review, b) maintenance reengineering, C€) process database/library, d)
configuration control, €) change control, f) defect control, and g) project risk avoidance.



ESEC/ACM FSE/WOOR’'97 Zurich, September 22-26, 1997

The process structure for OO reengineering is modelled in Table 1. The numbers of BPAs within
a reengineering process are listed in the column labelled by BPA. Further refinement of all the
BPAs will be development in Section 3.

Table 1. Structure of the OO reengineering processes

No. Process BPA
1 | Requirement review 9
2 Reengineering maintenance 10
3 | Process databasel/library 6
4 Configuration control 8
5 | Change control 9
6 Defect control 10
7 | Project risk avoidance 11
Total 7 63

3. Benchmark of the reengineering processes

For the seven OO reengineering processes modelled in Section 2, the 63 BPAs and their
benchmarked practical attributes are given in Table 2 based on the survey [4-5].

Table 2 shows, for each BPA, the mean importance weighting (W), the percentage of
organizations rating the BPA highly (i.e. weighting > 3) significant (ry), the percentage of
organizations that used the BPA (rp), and the percentage that rated it as effective (r¢). The fina

column ¢, the characteristic value, uses a combination of these three percentages to provide a
combined indication of the BPA’s significance, practical use and effectiveness as defined in
Formula (1).

¢ = [(rw*100) * (r,*100) * (rg* 100)] * 100% (1)

The higher the value df, the more important and effective the BPA in practice; and vice versa.
Thereforep can be used to index the importance and effectiveness of a BPA in practice.

Table 2. Benchmark of OO reengineering processes

No. BPAs W I o le ¢
[0.5] () (W) (%) (%)

1 | Requirement review

11 Specification verification 4.2 94.1 64.7 93.3 56.8
1.2 | Formal review requirements 4.0 93.8 81.3 92.9 70.7
1.3 Review statutory requirements 3.2 83.3 61.5 81.8 42.0
1.4 | Customer acceptance specifications 39 92.9 64.3 81.8 48.8
15 Adopt specification verification tools 25 66.7 13.3 80.0 7.1
1.6 | Update requirements for next iteration 3.8 81.3 80.0 80.0 52.0
1.7 Agree on requirements 4.3 93.8 93.8 93.3 82.0
1.8 | Manage requirements changes 4.1 94.1 75.0 87.5 61.8
19 | Maintain requirements traceability 3.8 93.8 62.5 80.0 46.9
2 Reengineering maintenance

21 | Determine maintenance requirements 4.0 92.9 78.6 92.3 67.3
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2.2 Analyse user problem and enhancements 4.0 100 92.3 100 92.3
2.3 | Determine modifications for next upgrade 3.7 83.3 75.0 90.9 56.8
24 Implement/test modifications 3.7 909 72.7 80.0 52.9
2.5 | Update user system 3.9 909 50.0 77.8 35.4
2.6 Maintenance consistency with specifications 3.9 100 545 90.9 49.6
2.7 | Maintain nonconforming products 3.5 769 58.3 80.0 35.9
2.8 Record nonconformance treatment 3.9 923 75.0 90.9 62.9
2.9 | Adopt regression testing tools 3.5 846 333 818 23.1
2.10 | Conduct regression testing 4.1 85.7 50.0 90.9 39.0
3 Process database/library

3.1 | Establish organisation’s process library 3.1 68.8 40.0 78.6 21.6
3.2 Establish organisation’s process database 3.1 73.3 286 727 15.2
3.3 | Establish software reuse library 3.3 60.0 33.3 80.0 16.0
3.4 Establish organisation’s metrics database 3.6 70.6 43.8 80.0 24.7
3.5 | Establish operation manual library 3.1 73.3 615 923 41.7
3.6 | Establish practice benchmark database 2.3 50.0 0 58.3 0
4 Configuration control

4.1 | Establish configuration management library 3.8 842 77.8 944 61.9
4.2 Adopt configuration management tools 3.8 93.3 533 84.6 42.1
4.3 | |dentify product’s configuration 4.2 100 824 88.2 72.7
4.4 Maintain configuration item descriptions 3.9 93.3 714 786 52.4
45 | Control change requests 4.4 100 88.2 100 88.2
4.6 Release control 4.3 100 81.3 87.5 71.1
4.7 | Maintain configuration item history 3.9 941 68.8 80.0 51.8
4.8 | Report configuration status 3.6 813 733 86.7 51.6
5 Change control

51 | Establish change requests/approval system 4.0 100 76.9 100 76.9
5.2 Control requirement change 4.1 100 714 857 61.2
5.3 | Control design change 3.9 100 714 929 66.3
5.4 Control code change 3.8 93.3 786 929 68.1
5.5 | Control test data change 3.3 733 571 846 35.5
5.6 Control environment change 3.0 786 53.8 818 34.6
5.7 | Control schedule change 3.6 84.6 66.7 100 56.4
5.8 Control configuration change 3.8 824 733 86.7 52.3
4.9 | Adopt change control tools 2.9 60.0 35.7 76.9 16.5
6 | Defect control

6.1 Plan defect prevention 3.8 83.3 529 78.6 34.7
6.2 | Defect reporting and record 4.2 889 765 938 63.7
6.3 Defect causal analysis 4.1 95.0 80.0 94.7 72.0
6.4 | Propose process change for defect preventic 4.2 89.5 61.1 80.0 43.7
6.5 Track problem report 4.3 100 86.7 100 86.7
6.6 | Prioritise problems 3.9 833 765 938 59.7
6.7 Determine resolutions 3.8 88.2 813 933 66.9
6.8 | Correct defects 4.4 100 100 100 100
6.9 Review defect corrections 3.6 77.8 625 78.6 38.2
6.10 | Distribute correction results 3.6 824 765 824 51.9
7 | Project risk avoidance

7.1 Identify project reengineering risks 3.8 88.2 50.0 86.7 38.2
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7.2 | Establish risk management scope 3.3 786 30.8 66.7 16.1
7.3 Identify unstable specification related risks 3.3 81.3 438 69.2 24.6
7.4 | Identify process change related risks 3.1 733 286 63.6 13.3
7.5 Identify market related risks 3.8 93.3 64.3 833 50.0
7.6 | Analyse and prioritise risks 34 73.3 40.0 714 21.0
7.7 Develop mitigation strategies 3.1 73.3 40.0 58.3 17.1
7.8 | Define risk metrics for probability/impact 29 75.0 20.0 615 9.2
7.9 Implement mitigation strategies 3.1 786 28,6 63.6 14.3
7.10 | Assess risk mitigation activities 2.9 68.6 33.3 583 13.4
7.11 Take corrective actions for identified risk 4.0 93.3 733 733 50.2

4. Analysis of the reengineering processes

Asshown in Table 3 and Fig.1, it isinteresting to find in the OO reengineering processes, that:

o On the mean weighted importance of the BPAs in the OO reengineering processes, 92.1% of
the BPASs are heavily weighted with 63.5% at weight scale 3.0-3.99 and 28.6% at weight scale
4.0-4.99. There are only about 1/13 BPASs perceived to be not very important;

o On the ratio of significance of the BPAs, 42.9% of the BPAs are weighted extremely
significant, 47.6% are very significant, 9.5% are fairly significant, and no BPAs are weighted not
significant;

o On the ratio of practice of the BPAS, 4.8% BPAS have got extremely high application rate,
39.9% BPASs have very high application rate, and 30.2% have fairly high application rate. It is
noteworthy that 25.4% BPAs are |ess practised; and

0 On theratio of effectiveness of the BPAS, 34.9% of the BPAs are weighted extremely effective,
52.4% are very effective, and 12.7% are fairly effective. No BPAS in the set are found not
effective.

Table 3. General statistics of the survey findings on OO reengineering processes

M ean weighted importance (W) Ratio of significance (rw) Ratio of Practice (rp) Ratio of effectiveness (re)

| o 1 2 3 4 E VvV F N E V F N E V F

N
0

5
No.of BPAs 0 0 5 40 18 0 27 30 6 0 3 25 19 16 22 33 8
Ratio (%) | O 0 79 635 286 0 429 476 95 0 48 399 302 254 349 524 127

Note: E - Extremely ($90%), V - very (70-89%), F - fairly (50-69%), and N - not (<50%)

70 7
60 1
50 1
ratios 40 1
(%) 304
20 1
104
0 4
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Fig.1 Overview of the survey findings on OO reengineering process
5. Conclusions

0
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This paper reports the survey findings on a set of empirical software OO reengineering processes
based on the benchmark of the worldwide survey on BPASs towards software process excellence
[4-5]. In this paper, a model of the OO reengineering processes is developed with regard to the
SPRM [1]. Based on the survey, detailed benchmark of the 63 BPAs in the seven OO
reengineering processes has been obtained for the practical attributes, such as the mean weighted
importance, and ratios of significant, practice and effectiveness in the OO reengineering
processes.

The empirical model and survey results on the OO reengineering processes provide a set of
valuable statistical data. The benchmark is useful for modelling and feature-identifying the
fundamental software process activities in OO reengineering practices; for planning a specific
OO reengineering project; and for identifying process improvement opportunities for the existing
OO reengineering processes.
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