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Overview 

• Uncertainty is inevitable in real world requirement 
engineering. It has a significant impact on the feasibility of 
proposed solutions and thus brings risks to the software 
release plan. 

 

• This paper proposes a multi-objective optimization technique, 
augmented with Monte-Carlo Simulation, that optimizes 
requirement choices for the three objectives of cost, revenue, 
and uncertainty. 



What is NRP 

• The Next Release Problem (NRP) has been proposed to model the 
decision for customer profits and requirements costs in requirements 
engineering. [Bagnall2001]  
– the solution is presented as a decision vector ⃗x = {x1,x2,…xn} to determine the 

requirements that are to be selected in the next release. 
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Uncertainty in RE 

• Uncertainty is inevitable in real world 
requirement engineering 
– What is the actual implementation cost? 

– What is the actual revenue? 

– What is the actual release time? 

– What is the final implemented functionalities. 

• We have to make decision without much 
knowledge 



 

 

 

 

 

 

 

• There is a risk that the expected net revenue may be lower than a 
threshold assigned by decision makers due to uncertainty concerning the 
true revenue and cost.  

• The development cost of the feature may exceed £500, and the revenue of 
the feature may lower than £700. 

Previous Point-based estimation 
MONRP 

Expected Cost Expected Revenue 

£500 £700 

Expected Net-Revenue 

£700 - £500 = £200 



Motivation 

• Previous work on requirements engineering 
undertook sensitivity analysis after optimizing 
the Next Release Problem (NRP) 

• It is important to investigate uncertainty 
during the process of optimization rather than 
using post-analysis [Hans-Georg. Beyer2007] 



Robust MONRP Optimization 
Framework 

• We adopt a search-based optimization technique with Monte-
Carlo Simulation (MCS) to address uncertainty and risk in the 
early stages of the software engineering development 
process. 
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• This paper considers two types of robustness 
in MONRP. 

– “reduction of the uncertainty size”,  (MCNRP-US) 

– “reduction of the possibility that actual cost 
exceeds a threshold” (MCNRP-R) 



• Uncertainty size 
– Uncertainty size is used to measure the tolerance region of 

the solutions of multi-objective optimization problem in d 
dimensions (d is the number of the objectives) [Li 2005] 



• Failure risk 
– The probability that the actual cost exceeds a threshold 

determined by the decision maker. 



Experiments setup and results 

• Four synthetic data sets (S1,S2,S3,S4) constructed from one 
real project data set from Motorola. 

• There is no uncertainty information for the cost and revenue 
of requirements. we simulated these uncertainties according 
to the “triangle probability distribution” 



 



 



RQ1&2 the efficiency and 
effectiveness 

 



RQ3&4 The similarity of the results and the 
drive of the MONRP optimization 

• Statistical analysis 



Conclusion 

• An MCS based robust search-based 
optimization approach was introduced  for 
requirement analysis and optimization 

• Two notions of uncertainty measurements 
defined for NRP 

• our approach reduces risk/uncertainty with 
very little change to the traditional 2D MONRP 
Pareto-front 
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