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Abstract

Estimation models in software engineering are used to predict some important attributes of future entities such as software development effort, software reliability and programmers productivity.  Among the many techniques used in the field of software effort estimation, estimation by analogy is a technique which has sparked great interest.  However, the technique is not suitable when the linguistic values are involved, i.e. “very low”, “low” and “high”.  The authors have proposed a new approach based on reasoning by analogy, fuzzy logic and linguistic quantifiers to estimate software project effort when dealing with numerical or linguistic values.  This approach is also known as Fuzz Analogy.
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1    Introduction

Software cost estimation refers to an accurate estimation of the effort and the schedule required to develop and/or maintain a software system.  The paper specifies that two main groups of techniques have been developed: 

· Algorithmic models, and 

· Non-algorithmic models.

Since all techniques are limited by the aspect of linguistic values, due to the fact that the interpretation of human effort into quantifiers such as “very low”, “low” and “high” is imprecise.  The authors have identified a more comprehensive approach using fuzzy set theory, for application on linguistic values.  The use of fuzzy logic, coupled with the use of analogy, will be used for the evaluation of effort, in terms of numerical or linguistic values. 
2    Related Lecture Topics
· Introduction to software engineering 
The lecture topic deals with software engineering in terms of complexity, explaining the concept in relation to many factors i.e. effort, functionality. and cost.  Emphasis is placed on the need to have a disciplined and systematic approach during the software development phase.
· Software cost estimation
The lecture covers two project metrics: COCOMO and FP.  The project metrics are composed of attributes such as effort, compatibility and personnel attributes. The COCOMO (Constructive Cost Model) and FP (Function Points) evaluate attributes which are actually linguistic values represented numerically.  The two techniques, considered as algorithmic models, are unable to tolerate imprecision in its results due to the inability of such numerical values to represent human related attributes.
3    Contribution to the field of software engineering
The task of estimating the effort used in software development projects has been generally divided into two major categories:
· Algorithmic models, and 

· Non-algorithmic models.

In order to deal with one important limitation faced during the process of cost estimation, when linguistic values, the authors have proposed a new cost estimation method based on these aspects:

· Using analogy as a mean of estimation.
· Fuzzy logic to represent linguistic data effectively

·  Adaptation of similar cases to generate an estimate for new project, using previously known effort values.
· Validation of performance by comparison with COCOMO’81 and classical analogy.
The proposed new technique for cost estimation, Fuzzy Analogy, works to increase accuracy and tolerance in the calculations made. It makes use of inputs i.e. linguistic values which are represented with uncertainty and imprecision. 
By using analogy analysis, where cases similar to the software project are first retrieved.  The information and knowledge from these cases are now dealt with fuzzy logic where fuzzy sets are used to represent these linguistic values.  Fuzzy sets are created by using membership functions to deal with no uncertainty or uncertainty.  This mimics the way humans interpret these values, acting as a solution to imprecision and uncertainty.

3.1    Calculation of Project Distances/Similarity 
A proposed variation of the Euclidean distance allows the distance or similarity between two projects to be calculated, for which a value is determined.  Each linguistic value is weighted and evaluated in order to obtain the overall distance.  The calculated value would then be used further to evaluate and estimate the effort for the new project.

3.2    Effort Estimation 
To illustrate this, let the distances for first three projects of a dataset (P1, P2, P3) from the new project be: 3.30, 4.00 and 4.01.(abstracted from the paper) A new strategy is designed to select projects used in the adaptation step, based on the distances d(P, Pi).  The strategy makes use of a fuzzy set defining the ‘closely similar’ qualification for the projects from the interval [0,1]. The closer the distance is to 1, the greater is the similarity.  This is to allow greater understanding of the similarity.

Effort is then calculated using the formula:
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where μvicinity is the value taken from interval [0,1], d(P1,P2) is the distance calculated in 3.1 and Pi refers to similar known effort values of previous projects.
The results are compared to those obtained from techniques such as classical analogy, fuzzy and classical intermediate COCOMO’81.
4    Identification of Related Work 
Attached in Appendix 1.
5    Relation of the techniques in the article to lab project

My lab project involves the development of an Online Tuition Agency.  Currently the software cost estimation method used to evaluate the project’s software effort is the COCOMO Model, taught in SC207, Software Cost Estimation. The technique described in the article would require three conditions: identification and retrieval of similar cases and cases adaptation.  However the implementation of such a technique for the lab project would be hampered in many aspects.  

Firstly, the technique requires a number of similar cases for analysis to estimate effort.  But only one such similar case can be found, Moon Microsystems from last year’s projects.  Secondly, the optimum number of analogies needed is three which is more than what is available.  Thirdly, since the number of datasets is small, in this case which is one, the analogy selected would be that of distance based analogy.  But the method of generating fuzzy sets for the linguistic values is not given.  Since the accuracy of such a technique is unreliable due to a lack of sufficient similar cases from which linguistic values are to be derived, it would be easier and reliable to implement an effort estimation based on the COCOMO Model instead. 

6    Extension of Ideas and Improvements on Article

Areas for extensions: 
The authors would do well to explain if a totally new project was to be carried out, for which only remotely similar cases can be found, how a possible estimation can be made using their work.  Since these remotely similar cases would give rise to greater inaccuracy due to errors, maybe the authors could try to devise or introduce a quantifier or variable.  
Such a quantifier or variable could offer reduced inaccuracies, allowing the estimation to act as a reference.  The cases could be given a value depending on the percentage of coding, attributes, components, for which a suitable value for the quantifier or variable could be assigned. So that even software projects new in a specific field can make use of their work, carrying out deduction in an unstructured and imprecise environment.

Areas for Improvements :
The authors’ work comprises of many new theories and concepts to a layman like myself.  The paper would actually require a reader to have background knowledge of fields such as: analogy, fuzzy logic, COCOMO Model  It would greatly increase the readability of such a paper by including appendices or footnotes, since not everyone would have the same level of expertise as the authors themselves.

The paper describes too many terms that does not make the paper readable.  Formulas and various calculation methods have been described briefly, this has given myself problems trying to understand them.  Maybe the addition of extra footnotes with reference to the original work could be given.
7    Critical comments on notations/diagrams
In the paper, notations for the different formulas are generally in brief and the definition of the variables and symbols used, are not easily comprehensible.  The information given is insufficient and not clear enough to allow myself to gain enough comprehension of the concepts.  This has caused a lot of difficulties in the interpretation of the tables and diagrams in the paper.
The diagrams are not very well drawn as it is too difficult to comprehend them.  For example in Figure 1 below, the authors seek to show the relationship of the distance or similarity between two software projects in the interval [0,1].
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Figure 1: A possible definition of the value
“vicinity of 1







The axes are not well labeled and it is unknown how the point is drawn in relation to two projects.  
In page 27 of the paper, the authors have included two tables and a figure.  Comparisons have been made between the results obtained through Fuzzy Analogy, classical analogy, ‘fuzzy; and classical intermediate COCOMO’81.  The authors have only specified that accuracy is increasing when (-RIM(linguistic quantifier) increases.  The facts and percentages for the mean and standard deviation have been included, but all these would only overawe the reader.  This is so as there has been inadequate information regarding the interpretation of these values to conclude the accuracy of the results.
Appendices should have been added to give further explanation regarding the tables and various notations in the formulas.  This would increase the readability of the paper.
8
Validation and Expansion of Ideas
The work that has been done by the authors has been focused on one particular aspect of estimate uncertainty: model error.  The aspect has been evaluated under the condition that similar projects have similar costs, thus justifying their use of analogy.  However three other major aspects that have not been the subject of their focus are: measurement error, assumption error and scope error.
I feel that their work has been involved with the use of linguistic values in many areas, thus it would only be fair if they are able to expand their work to include linguistic values.  Currently their work has improved on the use of classical analogy procedure but has left out on the assumption error: linguistic values.  By expanding ideas into the field of linguistic values to allow more accurate results whenever linguistic values are interpreted into by humans: assumption error.  
9
Specific Comments on The Paper
· The Software Cost Estimation Approach

The authors have been able to describe the overall approach and concept of their work well.  Sufficient background information has been given to substantiate their claims that a new approach is necessary.  The project has been able to relate and explain their ideas, and includes work from which they had improved on for the paper.  However the explanations are more often than not, inadequate for the layman, like myself.

· The Process Of Establishing New Approach
The entire process of proving the accuracy of the new approach has been documented in the paper.  Explanations for the need of using formulas  included.  The authors have made use of some of their previous research papers as seen from the references given at the back of the paper.  They have made use of their knowledge of other effective estimation techniques to evaluate the accuracy and success of their work.   It can been seen that the authors have put in a lot of effort from the two tables that have been created for comparison purposes.  However it would serve their purpose better if the tables are more easily understood by including more notes and comments.
· The Product
The authors have been able to convince me that their work on a new approach for cost estimation is successful.  Their work seeks to achieve accuracy from the use of classical analogy with the introduction of fuzzy logic to make up for uncertainties due to linguistic values.  They have been able to give sufficient documentation and proof by making use of a case example involving three datasets for their approach and three other techniques in the tables tabulated.  Even though the authors have failed to explain the relationships between the datasets for each technique in detail, they have been able to establish a fact.  That is, their technique allows greater accuracy by comparing the Pred (20) (%) values for each different technique.  The authors have also acknowledged that their work can be improved on by further analysing the uncertainty of data from the similar cases used.    
9    
Comments On Results In Article And Relevance To Future Use
9.1 
Comments On Results in Article
The approach as proposed by the authors opens up a new exciting horizon in the aspect of software cost estimation.  However, as in the case for any new approach,  I believe that in the immediate future, more tests have to be done to evaluate and refine this technique. 
This is even more so as the assumption made by the authors have to be further evaluated to ascertain its accuracy.
The authors have realized that, as with all techniques, there is always room for improvement.  Thus I would expect this technique is be further refined as stated under “Discussions and Further Improvements”, where the authors would extend their work to include possible similar cases instead of similar cases.
9.2
Relevance To Future Use
I am not really sure how relevant the technique would be in future use.  This may be due to the fact that the technique still has its limitations, and the future of software engineering may be much more different than what it is today.  It can also be expected that new techniques and methods would be researched into, making their work redundant in the future.  Thus I feel that their work would not have great relevance to future use.
References

A. Idri, A. Abran, T.M.  Khoshgoftaar, Estimating software
project effort by analogy based on linguistic values,

Proceedings Eighth IEEE Symposium On Software Metrics

2002, Page(s): 21-30
L.Angelis, I. Stamelos, M. Moriso, Building a Software Cost Estimation, Model Based on Categorical Data, 7th Int, Soft. Metrics Symp., IEEE Computer Society, London, April 2001
2002, Page(s): 4-15
A. Idri, L Kjiri, A. Abran, COCOMO Cost Model Using Fuzzy Logic, 7th International Conference on Fuzzy Theory & Technology, Atlantic City, NJ, February, 2000 Page(s): 219-223
A. Idri, A. Abran, A Fuzzy Logic Based Measures For Software Project Similarity: Validation and Possible Improvements, 7th International Symposium on Software Metrics, IEEE Computer Society, 4-6 April, England, 2001 Page(s): 85-96
A. Idri, A. Abran, Towards A Fuzzy Logic Based Measures For Software Project Similarity, Sixth Maghrebian Conference on Computer Sciences, Fes, Morroco, November, 2000 Page(s): 9-18
Appendix 1 

	Author(s)
	Year
	Article
	Some Description
	How does it relate to your main article

	L. Angelis, I.Stamelos,  M.Moriso
	April 2001
	Building a Software Cost Estimation Model Base on Categorical Data
	The paper explores possibility of using categorical data to generate a multi-organisational software cost estimation model.
	It substantiates the authors’ argument that the use of linguistic values alone has limitations, and states that reliability and credibility of cost model built is sometimes reduced.  This is even more so when attempts are made to represent large numbers of factors.

	A. Idri,     

 L. Kjiri,     

A. Abran
	Feb 2000
	COCOMO Cost Model Using Fuzzy Logic
	The paper investigates the compatibility of the COCOMO Model with the use of Fuzzy logic, especially the intermediate COCOMO Model.
	The authors have tried to ranked a number of techniques in terms of accuracy and adequacy to deal with linguistic values:
1. Fuzzy Analogy

2. Fuzzy intermediate COCOMO’81

3. Classical intermediate COCOMO’81

4. Classical Analogy.

The results of the technique COCOMO’81 have been tabulated in the paper.  Thus this article allows the verification of the accuracy of the use of Fuzzy intermediate COCOMO’81 to be used for comparison.

	A. Idri, 

A. Abran
	November 2000
	Towards A Fuzzy Logic Based Measures For Software Project Similarity
	The paper explores the use of fuzzy logic to represent linguistic values, from which measurement can be taken to determine the similarity between software projects.
	The paper establishes the use of measures based on fuzzy logic for software project similarity.  The measures are applicable with or without uncertainty, illustrated using COCOMO’81.  This has helped to illustrate the evaluated Table 2, used for the comparisons in the review article.

	A. Idri, 

A. Abran


	April 2001
	A Fuzzy Logic Based Measures For Software Project Similarity: Validation and Possible Improvements
	To give depth into the attribute of software project similarity, proposing new measures with fuzzy logic to overcome limitations of linguistic values.
	It offers a more in depth explanation as to why the authors are using fuzzy logic based analogy.  This is so as the use of fuzzy logic also allows the inclusion of the membership function which facilitates calculation with one important parameter: uncertainty.  This is highly suited for linguistic values.
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