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1. Scope of the Improvement

In software simulation models, it is important to recognize the co-relation between Quality, Effort and Schedule. They basically form the 3 sides of a triangle. Beyond a certain point (the “Quality is free” point), it is difficult to increase the quality without increasing either the effort or schedule for the product under development. Similarly the schedule cannot be drastically compressed without sacrificing the quality of the product or increasing the effort of development.

Hence simulation models play a very important role in balancing the 3 factors. This paper presents a quantitative approach of quality modeling, based on the phase end efficiency.

2. Primary cause for driving the Improvement

This simulation model allows us to measure the Remaining Defect Density [RDD] of the software product at any stage of the product life cycle, as early as reviews - code reading/inspection.

3. Challenges 

Getting the buy in from the project management team.

Designing a Value Based Mathematical Simulation Model

4. Goal/Objectives

The main goal of this simulation model is it is not only based on the fault prediction in terms of absolute number of defects (this prediction is helpful for the early phases of the project), but also on the measurement of the Mean Time To Failure [MTTF]. Actually, we are measuring the MTTF in every verification/validation phase (normalized to the person hours) to forecast the stability of the product. 

This measurement appears to be much more precise during the later phases of the projects.

5. Current/existing Organization Process (as is process)

Tracking the target defects (with Lower Specification Limit and Upper Specification Limit) and actual defects for a verification/validation activity.

6. Key measures for original process

Key Figures of Merit [KFOM] – Target defects, Actual defects.

7. Background Model

This simulation model can be used for predicting the Remaining Defect Density [RDD, Defects/Kstmt] by using the phase end efficiency as an input. It also provides an insight into the stability of the product as early as code reading/inspection. The simulation model has a sub-model – Defect Removal Model.

The effectiveness and efficiency of individual process steps (like Code-Reading, Module test etc) depend heavily on the maturity of the employees and have it's own dynamic. Our experience however shows, that the variance of those parameters is relatively low. For simplicity reasons they are assumed to be constant in this model.

8. Detailed description/steps involved

The remaining defect density (RDD) of each verification step can be described as function of the Entry Defect Density (EDD), the effort spent on this phase (Effort), the efficiency of the phase (Effcy) and the size of the package (Size).
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RDD (Phase) = EDD (Phase) - Effort (Phase)*Effcy (Phase)/Size

The Residual Defect Density after system test can be calculated as concatenation of the different defect removal activities.

RDD (after ST) = EDD – {(Effort (Phase 1)*Effcy (Phase 1)+ ………… + Effort (Phase n)*Effcy (Phase n))} / Size of the project

The overall effort can be calculated based on the sum of all the efforts of the verification steps + the implementation effort. The predicted efficiency improvement can be calculated based on the comparison of today’s capabilities and the forecast of this model.

This simulation model, helped us to establish the following benefits in our Fixed Solution Divison S12:

1. Definition of the quality gates:

Provides a systematic approach to steer the project quality. New Q-gates will be used to gauge the phase exit.

Each phase starting from COR to ST should be exited only when the defect detection efficiency (Ph/MF) comes down to:


– COR: 3 Ph/Defect. 

– COI: 5 Ph/Defect

– MT: 18 Ph/Defect

– FIT: 45 Ph/Defect.

– FT:  93 Ph/Defect.

– ST:  113 Ph/Defect.

The aim of this approach is to reduce the Remaining Defect Density at the end of each phase with the least cost. 

2. Prediction of the Remaining Defect Density [RDD]:
Continuously track the evolution our product stability [in terms of RDD] right from our early phases (e.g. COR, COI) using the phase end efficiency [Ph/MF] as an input. This tracking mechanisms is further integrated in our quality systems – via In Process Quality Checks [IPQC] where a prognosis of the RDD is quantitatively provided as an quality alert to the project management team, to take further corrective actions.

In addition to this, this RDD prognosis is also tracked via our Project Quality Review meetings, to see the further evolution of our Residual Defect Density [RDD].

3. Effort estimation for sleeping functionalities:
This simulation principle is also used to determine the stability of the sleeping functionalities in our package, by performing a Pre-DR1 wild testing. Based on the efficiency of the testing [Ph/MF], the main task is to measure stability of sleeping functionality and arrive at reasonable effort estimation.
9. Results of the improvement initiate 

Case 1:

In another Project Y, code inspection was ongoing for a module in routing area. The target was to find a total of 6 defects (with LSL as 4 defects and USL as 8 defects). During the first round of inspection, a total of 9 defects were found in 3 hrs of checking. This resulted in a defect detection efficiency of 3Ph/Defect. 

But looking from the project viewpoint, we have already found more defects that what we have targeted, infact we have found more defects than the USL – Upper Specification Limit (USL) is 8 defects. But this does not 

mean that we are doing good. With the normal tracking mechanism, the project might not go in for another round of inspections, since their target in terms of defect detection has been exceeded.

But using this quality gates, we can very well see that we have found a lot of defects in a very short time frame, meaning that the quality of the product is not stable enough for us to proceed from code inspection to module test. In fact if we exit code inspection and start the module testing – we would be spending more effort in module testing to defect the same defects. 

Since the results form the first round of inspection indicated that we did not reach our target defect detection efficiency (which is 5 Ph/Defect for COI), we further continued the inspection with another checker that helped us to find 4 additional defects in 4 hrs. The below table will provide the details.

	Impacted Area
	Activity 
	Quality Gate: Target defect detection efficiency (Ph/Defect)
	Quality Gate: Actual defect detection efficiency (Ph/Defect)
	Actions taken after the analysis

	Routing
	Code Inspection
	5
	3
	1) Inspection extended with another reviewer. 
2) Resulted in finding 4 more defects.

	PATED
	Code Inspection
	5
	3.4
	1) Second round of code reading initiated with another expert checker.
2) This helped to uncover 3 additional issues in the code strategy


This has helped us to uncover additional defects much earlier in the life cycle, with optimum cost and has also resulted in fewer defects in the next phases thereby resulting in lead-time improvement and enhanced customer satisfaction.

This approach not only helped us to detect defect earlier with least cost, but also in the prediction of the Remaining Defect Density [RDD] during the early phases.

The formula used for RDD prediction is:

{(Target Phase End Efficiency)/(Actual Phase End Efficiency)}*6.9 Defect/Kstmt.

The Quality Gates are used to predict the RDD as described in the following table. This helps us to watch the quality of the product continuously from code reading until system testing and helps us to take timely corrective actions to improve the product quality. 

Note that 6.9 Defect/Kstmt is our organizational target for Residual Defect Density [RDD].

	Activity
	Quality Gate: Target defect detection efficiency (Ph/MF)
	Quality Gate: 
Actual defect detection efficiency (Ph/MF)
	Residual Defect Density [RDD] Prediction

	Code Inspection
	5
	3
	11.5

	Module Testing
	18
	21
	5.9


Case 2:

Project A was the candidate project that used this approach to steer the project quality from the Feature Integration Test (FIT) phase.

It helped the project to take corrective actions (like extended testing), thereby reducing the RDD from 11 MF/Kstmt at the end of FIT to 8 MF/Kstmt at the end of System Testing.

However the current actual results from the filed shows an RDD value of 4.7 MF/Kstmt.

10. Deployment and associated issues faced

This simulation model is now being used almost by all the projects in FSD chennai, to gauge the quality of the product.

Tracking of this improvement is a continuous activity.

11. Key measures for the new improved process

The key metric that can be directly mapped to this improvement is – Evolution of the RDD.


12. Lessons learnt from the initiative

The main lessons learnt from this initiatives are that, the quality improvement and efficiency improvements go hand in hand.

Looking into the efficiency of any verification/validation activity helps us to determine the true colour of product stability, rather than taking the decisions only based on the defect prediction in terms of absolute number of defects.

Simulation model is a very important tool has a multi-dimensional approach (Software Quality Management, Quality Process Modeling), to guarantee the quality of our software products. This approach can be applied by all organization to achieve the required level of quality.

13. Next steps and associated areas for further improvement

Further use this simulation model, to create further awareness (every practitioner’s level) about the importance of quantitatively measuring the efficiency (Ph/MF) of any activity to gauge the phase exit.

Closely monitor the application of the simulation model across the projects in the organization and see its evolution.

14. Conclusion

The main success of this model is the acceptance and usage by the project team to make quantitative decisions. 

This approach has been confirmed based on the historic data and has helped us to pragmatically bridge the gap between the scientific modeling and the reality of software projects.







































































































Minimum efficiency (Person Hours/Defect) that needs to be achieved for each activity in order to guarantee the reliability of the product in that phase.





These efficiency factors (Ph/Defect) are called as our ‘QUALITY GATES or Q-Gates”
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