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Change History 

Version Date Status Author 
(Partner) 

Description 

1.1 13/5/2009 Draft INS First draft, analysis of reliability 
only 

1.2 30/6/1009 Draft INS Second draft, analysis of 
trustworthiness included 

2.0 31/7/2009 Final INS Takes into account comments. 

Includes the analysis of 
relationships between objective 
software qualities. 

3.0 31/01/2011 Final INS Includes the analysis of all the 
subjective qualities evaluated via 
questionnaires and all the 
objective measures. 

What is new 

This document differs from the previous versions of this document, in that it 
reports the final and complete results of the analysis of data concerning OSS 
trustworthiness and properties that have been collected throughout the project. 

The final quantitative models of the trustworthiness of OSS products as a 
function of objectively measurable characteristics are illustrated. 
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EXECUTIVE SUMMARY 

Task 5.6.2 - Model building: objectives 

In the Description of Work the task is defined as follows: 

The information collected in Task 5.6.1 will be analyzed to find out whether the 
factors identified were actually influential on the trustworthiness of the OSS 
products and artefacts. A variety of different statistical  techniques will be used 
for data analysis, based on the specific independent and dependent variables 
involved and the objectives of the data analysis. Models will be built and 
lessons learned will be made explicit.  

The goal of the task is to build a quantitative model of software trustworthiness. 

Such model can explain how the trustworthiness perceived by users depends 
on the actual (mostly objectively measurable) qualities of the OS software 
products. 

The produced models also allow users to estimate how likely it is that a given 
OSS product will be considered trustworthy, given its measurable 
characteristics. 

The results of the task are packaged as models and associated suggested 
interpretations, which can be easily understood and used by the practitioners in 
the European software industry. 

Method 

The analysis presented here was carried out on the data collected by Task 
5.6.1 and stored in the measurement repository. These data were analyzed to 
find relations that link the trustworthiness of the OSS products and artefacts 
with the objectively measurable characteristics and qualities of the SW. 

To this end, we mainly used binary logistic regression. Binary logistic regression 
is a statistical technique that is used when the dependent is a dichotomy and 
the independent variables are of any type. 

In our case the dependent variable represents the subjective evaluations of 
users concerning various qualities. Every quality evaluation is a dichotomy in 
the sense that users’ evaluations are divided into two sets: the one containing 
positive evaluations and the one containing negative evaluations1. 

The collected data were of two types: subjective evaluations by users, and 
objective measures. We tested all the possible correlations, i.e., all the 
combinations y=f(X), where y is a subjective evaluation and X is an array of 
measures. Of these potential correlations, only the statistically significant one 
were selected as valid models and are thus reported in this document. 

                                            
1
 Evaluations are classified as positive or negative with respect to a threshold that was initially 

chosen in an arbitrary way and was then refined in order to get the most significant results. 



   

 

QualiPSo • 034763 • wd 5.6.2  •  version 3.0, dated 31/01/2011 • Page 4 of 124 

  

Results 

We were able to find several statistically significant correlational models for the 
prediction of users’ perceptions of a number of user-relevant qualities such as 
reliability, usability, portability, functionality, interoperability, security, 
performance, usefulness of the developer community, documentation quality, 
and overall trustworthiness. We call the ensemble of these correlational models 
MOSST (Model of Open Source Software Trustworthiness). Thus, we were able 
to find at least one quantitative model for predicting every subjective quality for 
which we collected data from users by means of questionnaires. The models in 
MOSST are built by using data on a number of objective measures on OSS 
products and projects, like modularity, defect density, size, number of 
downloads, to predict the user-relevant qualities. . 

As we focused on Java and C++ products, we derived three classes of 
prediction models: 

• models for Java programs’ perceived qualities with the objective measures 
produced by a collection of QualiPSo tools, including MacXim (for both 
object-oriented measures and Elementary Code Assessment rule 
violations), StatSVN (for measures concerning software configurations and 
versioning activities) and OSLC (for measures concerning licensing); 

• models for C++ programs, which were obtained considering the code 
measures produced by Kalibro; 

• models for Java and C++ programs’ perceived qualities with the objective 
measures produced by MacXim and Kalibro. Since java and C++ are subject 
to different measures, only the measures that are common to both 
languages were considered. 
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1 INTRODUCTION 

1.1 Analysis goals 

The data collection activities performed in WP5.6.1 provided a data concerning 
44 OSS products, 22 written in Java and 22 written in C++. 

The Java projects that were considered in the experimentation are the following: 
- Ant 
- Checkstyle 
- Eclipse 
- Findbugs 
- Hibernate 
- HttpUnit 
- Jack.Commons IO 
- Jasper Reports 
- JBoss 
- JFreeChart 
- JMeter 
- Log4J 
- PMD 
- Saxon 
- Servicemix 
- Spring Framework 
- Struts 
- Tapestry 
- Weka 
- Xalan 
- Xerces 

 

The C++ projects that were considered in the experimentation are the following: 
- Axis 
- BusyBox 
- CVS 
- CygWin 
- DDD 
- GDB 
- Gnu C Library 
- Gnu GCC 
- Lib XML 
- Linux Kernel 
- Mono 
- MySQL 
- OpeLDAP 
- Open Pegasus 
- Open SSL 
- Perl 
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- PosgreSQL 
- SpiderMonkey 
- SQLite 
- Subversion 
- TCL/Tk 
- TPTP 
- Velocity 

For each of these products mentioned above we have: 

- Evaluations concerning the qualities of the products that are perceived 
subjectively by the users. These evaluations are expressed in an ordinal 
scale (form 0 = totally unsatisfactory to 6 = fantastic). 

- Measures that capture in an objective way the characteristics of the 
software. 

The subjective qualities that were investigated are the following: 

- Trustworthiness 
- Reliability 
- Usability 
- Portability 
- Functionality 
- Interoperability 
- Security 
- Speed 
- Community 
- Documentation Quality 
- Overall trustworthiness with respect to OSS Competitors 
- Overall trustworthiness with respect to CSS Competitors 

The goal of the analysis reported in the rest of the document is to evaluate –
through statistical methods– whether there are relations that link the subjective 
perception of OSS product qualities with objective measures of the software. 
For instance, the analysis includes verifying the existence of relations of the 
trustworthiness with characteristics like software size, complexity and 
modularity. 

1.2 Tools 

The analysis of the data provided by Task 5.6.1 was carried out using 
appropriate tools. In particular, statistical tools were needed in order to perform 
the necessary computations and verify whether the factors identified in WP5.3 
are actually influential on the trustworthiness of the OSS products and artefacts. 

The analysis performed in WP5.6 is characterized by quite classical statistical 
techniques. Therefore we did not look for a particularly sophisticated tool; rather 
we sought a tool that 

a) Can be integrated at the data level with the measurement repository. In fact, 
we need to extract the required data from the repository and feed them to 
the analysis tools in a simple and efficient way.  
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b) Provides all the required statistical tools, in particular logistic regression. 

c) Is programmable, in order to let us define the statistic procedures to be 
applied repetitively. 

On the basis of these requirements, it was decided to use R [12], the tool that 
was already successfully used in WP5.1. R is a GPL-licensed language and 
environment for statistical computing and graphics that is reasonably easy to 
use and comes with a huge repository packages for analysis, database 
integration, etc. (see the Comprehensive R Archive Network at http://cran.r-
project.org/). 

1.3 Analysis procedures 

As summarized in section 1.1 above, and described in the working documents 
and deliverables of WP5.6, the main goal of this task is to correlate subjective 
user evaluations with subjective software measures. 

All subjective evaluations are expressed by each user in an ordinal scale with 
grades from zero to six. 

Since we have interviewed several users about a given quality of a given OSS 
product, we need to reduce this amount of data to a single number that can be 
effectively treated. To this end, we establish a threshold that represents an 
acceptable quality level and then partition the population of the respondents into 
two datasets: one containing the users that rated the product below the 
threshold, and one containing the users that rated the product above the 
threshold. 

More formally, given an OSS product P and a quality Q, we start from the 

multiset2 of evaluations E = {ei}, where i ∈ [1..N] indicates the i-th user, N is the 
number of interviewed users, and ei is the rating of the quality Q of product P 
according to the i-th user. 

By establishing a threshold T, we can partition E into Es and Eu, the multisets of 
satisfied and unsatisfied users, respectively: 

Es = {x | x ∈ E ∧ x > T} 

Eu = {x | x ∈ E ∧ x ≤ T} 

Now, we are not interested in distinguishing user identities; rather, we are 
interested in how many users are satisfied and how many are unsatisfied. To 
this end, we consider the pairs < |Es|, |Eu| > of the cardinalities of Es and Eu. 

Of course, we have a pair < |Es|, |Eu| > for every subjective quality defined in the 
GQM plan [8][9][10] and actually collected [15][16]. For every quality we have 
thus a pair, which can be interpreted as a percentage of satisfaction 
(|Es|/(|Eu|+|Es|) = |Es|/N).  

                                            
2
 A multiset or bag is a set with repetitions. This clearly accounts for the fact that multiple users 

can assign a given quality of a given product the same grade. 
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Since we performed the evaluation of several OSS products, we actually have a 
vector of pairs and percentages: 

Ve = <Pj>, where Pj is the pair < |Es|, |Eu| > concerning the j-th OSS product. 

Actually we have not just one vector, but several: one for each investigated 
quality. Similarly, we have a vector for each objective quality that has been 
measured. 

The analysis consists in correlating a vector of subjective evaluations with one 
or more vectors of objective measures, in order to evaluate to what extent the 
qualities perceived by the users depend on the internal, objectively measurable 
qualities. For instance, we correlated Trustworthiness to the measures of size 
and complexity, as well as reliability to the measures of modularity. 

The analysis was based on binary logistic regression. Binary (or binomial) 
logistic regression is a form of regression which is used when the dependent is 
a dichotomy and the independents are of any type. 

Logistic regression has many analogies to linear regression. Unlike the latter, 
however, logistic regression does not assume linearity of relationship between 
the independent variables and the dependent, does not require normally 
distributed variables, does not assume homoscedasticity, and in general has 
less stringent requirements. It does, however, require that observations be 
independent and that the independent variables be linearly related to the logit of 
the dependent. 

The logistic curve, illustrated in Figure 1, is better for modeling binary 
dependent variables coded 0 or 1 because it comes closer to hugging the y=0 
and y=1 points on the y axis. Even more, the logistic function is bounded by 0 
and 1, whereas the linear regression function may predict values above 1 and 
below 0.  

 

Figure 1. Logistic vs. linear regression curves. 

Additional information on the linear regression is reported in the appendix. 
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We tested all the possible correlations, i.e., all the combinations y=f(X), where y 
is a subjective evaluation and X is an array of measures. Of these potential 
correlations, only the statistically significant ones were selected as valid models 
and are thus reported in this document. 

It must be noted that using multiple independent variables leads to the danger 
of ‘overfitting’. Since the number of OSS products we analyzed is not that big, 
we limited the number of independent variables to a maximum of 4 in every 
correlation. However, the user is invited to use models that involve as few 
independent variables as possible. 

 

1.4 The dataset 

The analysis reported here is based on the subjective evaluations about OSS 
collected throughout the QualiPSo project. 

For every subjective evaluation we used the numbers of satisfied and not 
satisfied users. The threshold is 4, i.e., users who ranked a product > 4 were 
counted as satisfied, while those who ranked it ≤ 4 were counted as not 
satisfied. 

For each product we have a variable number of users’ evaluations, since most 
popular products like Eclipse or MySQL tend to be evaluated by more users 
than products –like Weka or Tapestry– that are or interest to a smaller, often 
specialized, set of users. 

Moreover, some users reported a low familiarity with the products in the 
questionnaires. 

Accordingly, we had to select the data to be used for the analysis: only products 
for which no less than six subjective evaluations expressed by users having a 
good familiarity with product were considered in the analysis. As a 
consequence, every analysis involved 16 to 18 products, depending on the 
specific quality being considered (users were free to express opinions only on a 
subset of the products’ qualities).  

 

1.5 How to read the results 

Every correlation found is illustrated by means of a set of results from the 
statistical analysis as illustrated in Figure 2. 
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Reliability  vs.  LCOM ,  Num. intefaces  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.3718709280 0.3043314130  4.507819 6.549741e-06 
x1          -0.0007125015 0.0002546989 -2.797426 5.151154e-03 
x2          -0.0014663310 0.0005899464 -2.485533 1.293577e-02 
R2log =  0.9215926  
Excluded as outliers:  Eclipse HttpUnit Ant Struts (4/16) 
MMRE =  19.73220  
Pred(25) =  75  
Error range = [-15.67529 .. 131.7843] 

Figure 2. Data about a correlation. 

The first line indicates the correlation being reported: the correlation reported in 
Figure 2 concerns reliability vs. LCOM (the lack of cohesion between methods) 
and the number of interfaces. 

The following lines reports in the first column the values of the coefficients of the 
correlation (where x1 and x2 indicate the independent variables as reported in 
the title, thus x1 = LCOM and x2 = Num. interfaces). Therefore, 

and . 

The column ‘Pr(>|z|)’ indicates the significance of the coefficients: all the values, 
except the one concerning the intercept, should be < 0.05. We adopt 0.05 as a 
threshold, as usually done in empirical software engineering. 

R2log is the value of R2
log, a measure of goodness of fit defined in [19] that 

ranges between 0 and 1: the higher R2
log, the higher the effect of the model’s 

explanatory variables, the more accurate the model. 

The next line reports the products that were excluded from the analysis, having 
been considered outliers. In our example, 4 products out of 17 (namely, Eclipse, 
HttpUnit, Ant and Struts) were excluded as outliers. 

The last three lines give some indication on the precision of the fitting. MMRE 
Mean Magnitude Relative Error) indicates what is the average absolute percent 
error: values below 25% are generally considered good. Pred(25) indicates how 

many products are within ±25% error with respect to the regression line. Finally 
the error range indicates the minimum and maximum distance between 
observed values and estimated ones (always in percentage terms). 
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2 ANALYSIS OF JAVA PRODUCTS 

The subjectively evaluated qualities were correlated with: 

- The object-oriented code measures provided by MacXim (CBO, LCOM, 
Comment lines, Comment lines per class, eLOC per class, eLOC, McCabe, 
NOC, Num. abstract classes, Num. attributes per class, Num. classes, Num. 
interfaces, Num. interfaces per class, Num. methods, Num. methods per 
class, Num. methods per interface, Num. packages, Num. parameters per 
method, Num. public methods, RFC). 

- The measures concerning software configurations and versioning activities 
provided by StatSVN (number of developers, number of commits, average 
LOC added per year, average LOC deleted per year, average LOC changed 
per year, average major releases per year, average minor releases per year, 
average file size, average files added per year, average files removed per 
year, average number of revisions per file). 

- The measures provided by OSLC (Copyrighted Files, Copyright Holders, 
Distinct Licenses, Global Conflicts, Licensed Files, Reference Conflicts, 
Uncertain Licensed Files, Unlicensed Files). 

- The measures provided by ECA (Elementary Code Analysis) evaluation 
tools incorporated in MacXim. These measures were not used individually, 
in order to keep reasonably small the amount of measures to be analyzed. 
We summed the rule violations according to the expected severity of the 
violation, thus obtaining three aggregated measures: the total number of 
ECA rule violations, the number of critical ECA rule violations, the number of 
very critical ECA rule violations. 

Here follow the results of the analysis, grouped per quality. 

2.1 Reliability  

The significant models found for OSS products Reliability are reported below.  
============================================================ 
Reliability  vs.  avg_files_rem_per_year  
                Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept) 0.0393186568 0.1471872020 0.2671337 0.78936625 
x1          0.0008904967 0.0004195495 2.1225070 0.03379519 
R2log =  0.9119883  
Excluded as outliers:  Eclipse Log4J (2/13) 
MMRE =  13.76082  
Pred(25) =  84.61538  
Error range = [-17.97649 .. 53.10874] 
============================================================ 
Reliability  vs.  ECAveryCritical  
                Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  0.795064318 0.186064270  4.273063 1.928061e-05 
x1          -0.003509867 0.001722697 -2.037425 4.160747e-02 
R2log =  0.9082172  
Excluded as outliers:  Hibernate Eclipse HttpUnit (3/14) 
MMRE =  19.63718  
Pred(25) =  71.42857  
Error range = [-25.75427 .. 103.2572] 
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============================================================ 
Reliability  vs.  LCOM ,  Num. intefaces  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.3718709280 0.3043314130  4.507819 6.549741e-06 
x1          -0.0007125015 0.0002546989 -2.797426 5.151154e-03 
x2          -0.0014663310 0.0005899464 -2.485533 1.293577e-02 
R2log =  0.9215926  
Excluded as outliers:  Eclipse HttpUnit Ant Struts (4/16) 
MMRE =  19.73220  
Pred(25) =  75  
Error range = [-15.67529 .. 131.7843] 
============================================================ 
Reliability  vs.  LCOM ,  UncertainLicensedFiles  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.2245487433 0.2881379256  4.249870 2.138946e-05 
x1          -0.0007735773 0.0002804339 -2.758501 5.806704e-03 
x2          -0.0002911288 0.0001478451 -1.969147 4.893623e-02 
R2log =  0.9177043  
Excluded as outliers:  Eclipse HttpUnit Struts (3/15) 
MMRE =  21.12243  
Pred(25) =  86.66667  
Error range = [-20.37880 .. 126.8356] 
============================================================ 
Reliability  vs.  LCOM ,  ECAcritical  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.3058266753 0.3118370372  4.187529 2.820078e-05 
x1          -0.0006565385 0.0002513258 -2.612300 8.993523e-03 
x2          -0.0013650272 0.0006307700 -2.164065 3.045936e-02 
R2log =  0.9229959  
Excluded as outliers:  Eclipse HttpUnit Struts (3/14) 
MMRE =  20.45398  
Pred(25) =  85.71429  
Error range = [-18.19397 .. 129.8031] 
============================================================ 
Reliability  vs.  LCOM ,  ECAveryCritical  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.2480367237 0.2959900934  4.216481 2.481437e-05 
x1          -0.0006015196 0.0002423174 -2.482363 1.305143e-02 
x2          -0.0023937469 0.0011465181 -2.087841 3.681222e-02 
R2log =  0.9223916  
Excluded as outliers:  Eclipse HttpUnit Struts (3/14) 
MMRE =  20.23879  
Pred(25) =  85.71429  
Error range = [-20.74960 .. 127.2924] 
============================================================ 
Reliability  vs.  eLOC per class ,  Num. packages  
               Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  1.92757228 0.493480064  3.906079 9.380573e-05 
x1          -0.01267220 0.005318638 -2.382603 1.719070e-02 
x2          -0.00937155 0.004132174 -2.267946 2.333247e-02 
R2log =  0.928269  
Excluded as outliers:  Hibernate HttpUnit Eclipse Struts Weka (5/16) 
MMRE =  26.84691  
Pred(25) =  68.75  
Error range = [-95.14194 .. 132.7176] 
============================================================ 
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Reliability  vs.  number_of_commits ,  avg_loc_del_per_year  
                 Estimate   Std. Error    z value   Pr(>|z|) 
(Intercept)  5.743092e-02 1.928602e-01  0.2977852 0.76586712 
x1           2.162240e-04 9.234622e-05  2.3414496 0.01920902 
x2          -1.042659e-05 5.286799e-06 -1.9721933 0.04858755 
R2log =  0.9090994  
Excluded as outliers:  Eclipse Hibernate Findbugs Xerces (4/13) 
MMRE =  25.07036  
Pred(25) =  61.53846  
Error range = [-65.08979 .. 64.27492] 
============================================================ 
Reliability  vs.  number_of_commits,  avg_number_of_revisions_per_file  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept)  0.8920003252 2.535470e-01  3.518087 0.000434670 
x1           0.0001288062 5.530034e-05  2.329212 0.019847837 
x2          -0.1339535226 4.821182e-02 -2.778437 0.005462102 
R2log =  0.9204644  
Excluded as outliers:  Eclipse (1/13) 
MMRE =  10.67684  
Pred(25) =  92.3077  
Error range = [-14.19207 .. 33.96322] 
============================================================ 

The first model seems to indicate that reliability is higher for actively maintained 
products (many files removed per year). 

The second model was quite expected: it says that reliability of products is 
inversely proportional to the number of most critical ECA rules violated. In other 
words, the higher the quality of the code, the more reliable the product. 

The third model seems to indicate that reliability is somehow proportional to 
modularity (good cohesion and a small number of interfaces). 

The fourth model indicates that beside cohesion, the lack of files whose license 
is uncertain is also beneficial for reliability. 

The fifth and sixth models stress the importance of cohesion and code quality 
(already found in previous models). 

The seventh model indicates that small classes and small packages increase 
the reliability. This is also a not surprising result, since small classes and 
packages are more easily tested, thus contribute positively to reliability.  

The last two models seem to indicate that reliability is higher for actively 
maintained products (high number of commits) that are fairly stable (few LOCs 
are deleted and most files do not need revisions). 
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Figure 3. Reliability vs. Total ECA rules violated: plot of the regression line. 

 

 

Figure 4. Reliability vs. Total ECA rules violated: boxplot of relative residuals. 

 

2.2 Usability 

The significant models found for OSS products Usability are reported below.  
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============================================================================ 

Usability  vs.  Num. classes  
                 Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept) -0.4732851621 0.2854750720 -1.657886 0.09734045 
x1           0.0004609994 0.0001951329  2.362490 0.01815265 
R2log =  0.9392631  
Excluded as outliers:  Log4J Hibernate Checkstyle Struts  ( 4 / 16 ) 
MMRE =  23.29477  
Pred(25) =  68.75  
Error range = [ -41.37845 .. 77.36136 ] 
============================================================================ 

Usability  vs.  Num. methods per interface  
              Estimate Std. Error   z value   Pr(>|z|) 
(Intercept) -0.2797823  0.2010649 -1.391503 0.16407303 
x1           0.2686397  0.1238888  2.168394 0.03012869 
R2log =  0.9025593  
Excluded as outliers:  Log4J Eclipse JBoss  ( 3 / 14 ) 
MMRE =  17.37485  
Pred(25) =  78.57143  
Error range = [ -37.29551 .. 54.66447 ] 
============================================================================ 

Usability  vs.  Num. parameters per method  
             Estimate Std. Error   z value   Pr(>|z|) 
(Intercept) -2.046185   1.018763 -2.008499 0.04459027 
x1           2.480265   1.128161  2.198503 0.02791327 
R2log =  0.908859  
Excluded as outliers:  JFreeChart Eclipse Log4J Xerces  ( 4 / 16 ) 
MMRE =  21.25926  
Pred(25) =  75  
Error range = [ -35.22808 .. 91.39669 ] 
============================================================================ 

Usability  vs.  loc_total  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  9.061352e-01 1.940042e-01  4.670699 3.001768e-06 
x1          -3.446864e-06 1.052909e-06 -3.273659 1.061648e-03 
R2log =  0.9198953  
Excluded as outliers:  Hibernate HttpUnit Eclipse Xalan  ( 4 / 13 ) 
MMRE =  21.82275  
Pred(25) =  69.23077  
Error range = [ -41.46637 .. 98.83877 ] 
============================================================================ 

Usability  vs.  number_of_developers  
               Estimate Std. Error   z value   Pr(>|z|) 
(Intercept) -0.46917258 0.27110062 -1.730622 0.08351928 
x1           0.02933536 0.01256109  2.335416 0.01952172 
R2log =  0.9096772  
Excluded as outliers:  Log4J Saxon JBoss Eclipse  ( 4 / 13 ) 
MMRE =  15.42022  
Pred(25) =  84.61538  
Error range = [ -52.42674 .. 19.70674 ] 
============================================================================ 

Usability  vs.  avg_file_size  
                Estimate  Std. Error   z value   Pr(>|z|) 
(Intercept)  0.634744779 0.222396295  2.854116 0.00431568 
x1          -0.003339909 0.001691749 -1.974235 0.04835502 
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R2log =  0.9105853  
Excluded as outliers:  Eclipse Log4J HttpUnit  ( 3 / 13 ) 
MMRE =  17.23427  
Pred(25) =  84.61538  
Error range = [ -21.67194 .. 80.25315 ] 
============================================================================ 

Usability  vs.  avg_files_added_per_year  
                Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -0.448839333 0.2268746116 -1.978359 0.0478882698 
x1           0.002066045 0.0006118604  3.376661 0.0007337129 
R2log =  0.9067334  
Excluded as outliers:  Log4J Eclipse Hibernate Struts  ( 4 / 13 ) 
MMRE =  24.86088  
Pred(25) =  69.23077  
Error range = [ -23.27171 .. 73.4178 ] 
============================================================================ 

Usability  vs.  avg_files_rem_per_year  
                Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -0.220728746 0.1731528182 -1.274763 0.202393264 
x1           0.001288239 0.0004524008  2.847562 0.004405548 
R2log =  0.9005475  
Excluded as outliers:  Eclipse Log4J JBoss  ( 3 / 13 ) 
MMRE =  15.10629  
Pred(25) =  100  
Error range = [ -24.30732 .. 24.82526 ] 
============================================================================ 

Usability  vs.  eLOC per class ,  Num. interfaces per class  
               Estimate Std. Error   z value     Pr(>|z|) 
(Intercept) -0.90809830 0.53248871 -1.705385 0.0881226291 
x1           0.04728134 0.01342736  3.521268 0.0004294887 
x2          -4.61696038 1.27936320 -3.608796 0.0003076218 
R2log =  0.950309  
Excluded as outliers:  Ant JFreeChart Struts Xerces JMeter  ( 5 / 16 ) 
MMRE =  27.78419  
Pred(25) =  62.5  
Error range = [ -90.48443 .. 61.84469 ] 
============================================================================ 

Usability  vs.  eLOC per class ,  Num. packages  
                Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept)  1.430484906 0.4700161464  3.043480 0.002338587 
x1          -0.012321271 0.0051921097 -2.373076 0.017640630 
x2          -0.001238334 0.0006129948 -2.020138 0.043369071 
R2log =  0.9430268  
Excluded as outliers:  Log4J HttpUnit Struts Ant  ( 4 / 16 ) 
MMRE =  18.70431  
Pred(25) =  75  
Error range = [ -33.35146 .. 95.6641 ] 
============================================================================ 

Usability  vs.  eLOC per class ,  avg_loc_del_per_year  
                Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -7.22716e-01 4.449350e-01 -1.624318 0.104307921 
x1           1.94868e-02 7.053179e-03  2.762840 0.005730091 
x2          -2.27246e-06 1.130310e-06 -2.010474 0.044381015 
R2log =  0.9467294  
Excluded as outliers:  JFreeChart Xerces JBoss  ( 3 / 13 ) 
MMRE =  24.17765  



   

 

QualiPSo • 034763 • wd 5.6.2  •  version 3.0, dated 31/01/2011 • Page 20 of 124 

  

Pred(25) =  69.23077  
Error range = [ -18.53226 .. 107.2472 ] 
============================================================================ 

Usability  vs.  eLOC per class ,  avg_major_release_per_year  
               Estimate  Std. Error   z value   Pr(>|z|) 
(Intercept) -0.84478383 0.442275103 -1.910087 0.05612204 
x1           0.01615446 0.006697202  2.412121 0.01586003 
x2           0.60178525 0.245006191  2.456204 0.01404133 
R2log =  0.9489831  
Excluded as outliers:  JFreeChart Xerces JBoss  ( 3 / 13 ) 
MMRE =  22.81104  
Pred(25) =  69.23077  
Error range = [ -18.49922 .. 103.7485 ] 
============================================================================ 

Usability  vs.  eLOC per class ,  avg_files_rem_per_year  
                Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept) -1.200114944 0.5074247052 -2.365109 0.01802475 
x1           0.017699532 0.0071513728  2.474984 0.01332422 
x2           0.001206152 0.0004872897  2.475227 0.01331516 
R2log =  0.9205234  
Excluded as outliers:  Eclipse JFreeChart Xerces Log4J  ( 4 / 13 ) 
MMRE =  18.39188  
Pred(25) =  76.92308  
Error range = [ -17.91773 .. 81.11372 ] 
============================================================================ 

Usability  vs.  eLOC per class ,  ECAveryCritical  
                Estimate  Std. Error   z value   Pr(>|z|) 
(Intercept) -0.666516648 0.527227089 -1.264193 0.20616086 
x1           0.025085968 0.010042191  2.498057 0.01248760 
x2          -0.006714106 0.002612079 -2.570407 0.01015790 
R2log =  0.9487568  
Excluded as outliers:  JFreeChart Hibernate Xerces HttpUnit  ( 4 / 14 
) 
MMRE =  25.90199  
Pred(25) =  64.28571  
Error range = [ -57.96616 .. 114.2122 ] 
============================================================================ 

Usability  vs.  eLOC ,  avg_files_rem_per_year  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -7.107361e-01 2.918627e-01 -2.435173 0.014884665 
x1           8.674047e-06 3.854499e-06  2.250370 0.024425483 
x2           1.692661e-03 5.222595e-04  3.241034 0.001190968 
R2log =  0.8975387  
Excluded as outliers:  Eclipse Hibernate Log4J JBoss  ( 4 / 13 ) 
MMRE =  16.98671  
Pred(25) =  76.92308  
Error range = [ -36.00127 .. 50.9857 ] 
============================================================================ 

Usability  vs.  NOC ,  number_of_developers  
               Estimate Std. Error   z value    Pr(>|z|) 
(Intercept)  1.56418872 0.51173381  3.056645 0.002238290 
x1          -0.68556564 0.30123153 -2.275876 0.022853426 
x2          -0.02362911 0.01116890 -2.115617 0.034377434 
R2log =  0.9513555  
Excluded as outliers:  HttpUnit JFreeChart Struts  ( 3 / 13 ) 
MMRE =  25.68527  
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Pred(25) =  76.92308  
Error range = [ -20.09223 .. 108.9933 ] 
============================================================================ 

Usability  vs.  NOC ,  avg_number_of_revisions_per_file  
              Estimate Std. Error   z value    Pr(>|z|) 
(Intercept)  1.0689382 0.36806575  2.904204 0.003681878 
x1           0.6053643 0.28733275  2.106841 0.035131397 
x2          -0.1818691 0.05541145 -3.282158 0.001030159 
R2log =  0.9112076  
Excluded as outliers:  Findbugs Eclipse Hibernate  ( 3 / 13 ) 
MMRE =  18.69598  
Pred(25) =  61.53846  
Error range = [ -58.42445 .. 46.70719 ] 
============================================================================ 

Usability  vs.  Num. attributes per class ,  Num. interfaces per class  
               Estimate Std. Error   z value    Pr(>|z|) 
(Intercept)  0.53127865 0.28165818  1.886253 0.059260838 
x1           0.06648172 0.02527876  2.629944 0.008539902 
x2          -1.76845581 0.62755283 -2.818019 0.004832095 
R2log =  0.9132966  
Excluded as outliers:  Xalan JFreeChart Eclipse Ant  ( 4 / 16 ) 
MMRE =  18.83749  
Pred(25) =  68.75  
Error range = [ -68.17059 .. 54.06654 ] 
============================================================================ 

Usability  vs.  Num. attributes per class ,  avg_loc_changed_per_year  
                 Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept) -1.972951e-01 2.420576e-01 -0.815075 0.41502940 
x1           6.631019e-02 2.595649e-02  2.554667 0.01062895 
x2          -2.666759e-05 1.150135e-05 -2.318648 0.02041413 
R2log =  0.8997073  
Excluded as outliers:  Eclipse Hibernate  ( 2 / 13 ) 
MMRE =  25.25004  
Pred(25) =  61.53846  
Error range = [ -89.89975 .. 37.30748 ] 
============================================================================ 

Usability  vs.  Num. attributes per class ,  avg_files_rem_per_year  
                Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -1.079189821 0.3489044792 -3.093081 0.0019809005 
x1           0.106122518 0.0290350152  3.654984 0.0002571979 
x2           0.001670088 0.0004991416  3.345920 0.0008201009 
R2log =  0.9318668  
Excluded as outliers:  Eclipse Xalan JMeter  ( 3 / 13 ) 
MMRE =  15.01141  
Pred(25) =  76.92308  
Error range = [ -9.942106 .. 58.59815 ] 
============================================================================ 

Usability  vs.  Num. classes ,  Num. methods per class  
                 Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept)  0.3654822472 0.2776598126  1.316295 0.18807502 
x1           0.0005182086 0.0002254357  2.298698 0.02152208 
x2          -0.0444067358 0.0223474887 -1.987102 0.04691111 
R2log =  0.8823279  
Excluded as outliers:  Log4J Hibernate Eclipse Ant  ( 4 / 16 ) 
MMRE =  23.87645  
Pred(25) =  56.25  
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Error range = [ -37.53895 .. 79.86704 ] 
============================================================================ 

Usability  vs.  Num. classes ,  avg_files_rem_per_year  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -0.6790602671 0.2766909451 -2.454219 0.014119083 
x1           0.0005142939 0.0001912329  2.689358 0.007158957 
x2           0.0014231908 0.0004942367  2.879573 0.003982138 
R2log =  0.9120165  
Excluded as outliers:  Eclipse Hibernate Log4J  ( 3 / 13 ) 
MMRE =  15.32  
Pred(25) =  76.92308  
Error range = [ -32.38148 .. 68.51867 ] 
============================================================================ 

Usability  vs.  Num. intefaces ,  avg_files_rem_per_year  
                Estimate  Std. Error   z value    Pr(>|z|) 
(Intercept) -0.754376269 0.322566924 -2.338666 0.019352731 
x1           0.003882209 0.001836247  2.114208 0.034497476 
x2           0.001728266 0.000538344  3.210337 0.001325794 
R2log =  0.8958849  
Excluded as outliers:  Eclipse Hibernate Log4J JBoss  ( 4 / 13 ) 
MMRE =  19.48534  
Pred(25) =  69.23077  
Error range = [ -35.4947 .. 62.24117 ] 
============================================================================ 

Usability  vs.  Num. interfaces per class ,  Num. methods per class  
               Estimate Std. Error    z value     Pr(>|z|) 
(Intercept) -0.10872969 0.27592003 -0.3940624 0.6935350059 
x1          -2.43659458 0.75854285 -3.2122043 0.0013172068 
x2           0.09402438 0.02628879  3.5765959 0.0003480977 
R2log =  0.9213135  
Excluded as outliers:  Eclipse JFreeChart Struts  ( 3 / 16 ) 
MMRE =  19.54766  
Pred(25) =  75  
Error range = [ -65.03677 .. 44.84540 ] 
============================================================================ 

Usability  vs.  Num. interfaces per class ,  Num. packages  
                 Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  1.1009208832 0.283908870  3.877726 0.0001054372 
x1          -1.3218246639 0.546487801 -2.418763 0.0155733681 
x2          -0.0009345925 0.000467712 -1.998222 0.0456925924 
R2log =  0.9454472  
Excluded as outliers:  Ant JFreeChart HttpUnit  ( 3 / 16 ) 
MMRE =  16.38311  
Pred(25) =  75  
Error range = [ -47.18181 .. 83.2688 ] 
============================================================================ 

Usability  vs.  Num. interfaces per class ,  number_of_developers  
               Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  1.86880567 0.48786997  3.830540 0.0001278621 
x1          -1.22314240 0.35128275 -3.481931 0.0004978114 
x2          -0.03807267 0.01620513 -2.349421 0.0188026234 
R2log =  0.9121575  
Excluded as outliers:  HttpUnit JBoss Eclipse Hibernate  ( 4 / 13 ) 
MMRE =  19.81592  
Pred(25) =  76.92308  
Error range = [ -30.38837 .. 121.7043 ] 
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============================================================================ 

Usability  vs.  Num. methods ,  Num. methods per class  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept)  6.268879e-01 2.931784e-01  2.138247 0.032496673 
x1           9.974715e-05 3.269197e-05  3.051121 0.002279890 
x2          -9.731235e-02 3.368719e-02 -2.888705 0.003868320 
R2log =  0.8957724  
Excluded as outliers:  Log4J Hibernate Eclipse Ant Weka  ( 5 / 16 ) 
MMRE =  30.65533  
Pred(25) =  62.5  
Error range = [ -58.40045 .. 132.0877 ] 
============================================================================ 

Usability  vs.  Num. methods ,  avg_files_rem_per_year  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -5.854953e-01 2.855710e-01 -2.050262 0.040338869 
x1           3.983765e-05 1.818001e-05  2.191288 0.028430931 
x2           1.395258e-03 4.957861e-04  2.814234 0.004889359 
R2log =  0.906584  
Excluded as outliers:  Eclipse Hibernate Log4J  ( 3 / 13 ) 
MMRE =  16.69642  
Pred(25) =  69.23077  
Error range = [ -31.44183 .. 56.53412 ] 
============================================================================ 

Usability  vs.  Num. methods per class ,  avg_files_added_per_year  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -1.1396787530 0.5052277324 -2.255772 0.024084891 
x1           0.0818983999 0.0256710061  3.190307 0.001421216 
x2           0.0004772905 0.0002211901  2.157829 0.030941097 
R2log =  0.9499781  
Excluded as outliers:  JFreeChart JMeter  ( 2 / 13 ) 
MMRE =  19.90111  
Pred(25) =  84.61538  
Error range = [ -19.52010 .. 92.81466 ] 
============================================================================ 

Usability  vs.  Num. methods per class ,  avg_files_rem_per_year  
                Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -1.186171726 0.4239170061 -2.798123 0.0051400609 
x1           0.079130273 0.0230647778  3.430784 0.0006018394 
x2           0.001322637 0.0005088943  2.599042 0.0093484430 
R2log =  0.9308186  
Excluded as outliers:  Eclipse JFreeChart JMeter  ( 3 / 13 ) 
MMRE =  16.46971  
Pred(25) =  84.61538  
Error range = [ -10.12352 .. 82.66432 ] 
============================================================================ 

Usability  vs.  Num. packages ,  avg_files_rem_per_year  
                Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -0.632150721 0.2806154924 -2.252729 0.024276227 
x1           0.012457331 0.0048841889  2.550542 0.010755545 
x2           0.001429013 0.0004869044  2.934895 0.003336606 
R2log =  0.9111153  
Excluded as outliers:  Eclipse Hibernate Log4J JMeter  ( 4 / 13 ) 
MMRE =  23.29986  
Pred(25) =  69.23077  
Error range = [ -29.14035 .. 84.75073 ] 
============================================================================ 
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Usability  vs.  Num. parameters per method ,  avg_file_size  
                Estimate  Std. Error   z value    Pr(>|z|) 
(Intercept) -0.662568449 0.500019409 -1.325085 0.185142808 
x1           1.635772542 0.686020387  2.384437 0.017105267 
x2          -0.006787682 0.002015904 -3.367066 0.000759724 
R2log =  0.9492697  
Excluded as outliers:  JBoss HttpUnit  ( 2 / 13 ) 
MMRE =  16.54066  
Pred(25) =  84.61538  
Error range = [ -25.28347 .. 87.58913 ] 
============================================================================ 

Usability  vs.  Num. parameters per method ,  
avg_number_of_revisions_per_file  
              Estimate Std. Error    z value     Pr(>|z|) 
(Intercept) -0.2175400  0.4997104 -0.4353321 0.6633213918 
x1           1.9033040  0.7208828  2.6402407 0.0082847164 
x2          -0.1797835  0.0546203 -3.2915140 0.0009964967 
R2log =  0.9497509  
Excluded as outliers:  JFreeChart Findbugs Hibernate  ( 3 / 13 ) 
MMRE =  17.82268  
Pred(25) =  76.92308  
Error range = [ -41.31139 .. 89.54016 ] 
============================================================================ 

Usability  vs.  number_of_commits ,  avg_files_rem_per_year  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -5.560598e-01 0.2373186595 -2.343094 0.019124586 
x1           9.164413e-05 0.0000433666  2.113242 0.034580024 
x2           1.538045e-03 0.0004758770  3.232023 0.001229172 
R2log =  0.9103466  
Excluded as outliers:  Eclipse Log4J JBoss  ( 3 / 13 ) 
MMRE =  11.57351  
Pred(25) =  84.61538  
Error range = [ -27.50233 .. 22.54850 ] 
============================================================================ 

Usability  vs.  number_of_commits ,  avg_number_of_revisions_per_file  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept)  1.6557596526 5.109438e-01  3.240591 0.001192823 
x1           0.0002307736 9.814174e-05  2.351431 0.018701341 
x2          -0.3054341222 1.068833e-01 -2.857640 0.004268041 
R2log =  0.9146407  
Excluded as outliers:  Eclipse HttpUnit Hibernate Findbugs  ( 4 / 13 ) 
MMRE =  18.22890  
Pred(25) =  76.92308  
Error range = [ -58.51632 .. 27.41050 ] 
============================================================================ 

Usability  vs.  avg_loc_del_per_year ,  avg_file_size  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  7.906431e-01 1.754877e-01  4.505405 6.624651e-06 
x1          -2.447899e-06 1.054856e-06 -2.320601 2.030840e-02 
x2          -3.749960e-03 1.306794e-03 -2.869589 4.110060e-03 
R2log =  0.9482245  
Excluded as outliers:  HttpUnit  ( 1 / 13 ) 
MMRE =  16.21929  
Pred(25) =  92.3077  
Error range = [ -17.56321 .. 89.51372 ] 
============================================================================ 
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Usability  vs.  avg_loc_del_per_year ,  avg_files_added_per_year  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -4.381405e-01 2.462994e-01 -1.778894 0.075257177 
x1          -1.964038e-05 6.463761e-06 -3.038537 0.002377302 
x2           2.562246e-03 8.235506e-04  3.111219 0.001863166 
R2log =  0.952149  
Excluded as outliers:  Struts JMeter Log4J  ( 3 / 13 ) 
MMRE =  18.46832  
Pred(25) =  84.61538  
Error range = [ -63.83171 .. 79.02812 ] 
============================================================================ 

Usability  vs.  avg_loc_del_per_year ,  avg_files_rem_per_year  
                 Estimate   Std. Error    z value     Pr(>|z|) 
(Intercept)  5.847125e-02 1.416577e-01  0.4127643 0.6797793110 
x1          -5.142351e-06 1.973764e-06 -2.6053528 0.0091779701 
x2           2.067575e-03 6.038529e-04  3.4239722 0.0006171294 
R2log =  0.9219159  
Excluded as outliers:  Eclipse Struts  ( 2 / 13 ) 
MMRE =  14.23453  
Pred(25) =  84.61538  
Error range = [ -10.72666 .. 46.82964 ] 
============================================================================ 

Usability  vs.  avg_major_release_per_year ,  avg_file_size  
                Estimate Std. Error   z value    Pr(>|z|) 
(Intercept)  0.340175511 0.11194727  3.038712 0.002375918 
x1           0.416710678 0.20641292  2.018821 0.043505860 
x2          -0.002460059 0.00119341 -2.061370 0.039267745 
R2log =  0.939896  
Excluded as outliers:   ( 0 / 13 ) 
MMRE =  15.50968  
Pred(25) =  84.61538  
Error range = [ -29.87119 .. 64.26385 ] 
===================================================================== 
Usability  vs.  LCOM ,  Num. methods per interface ,  
avg_major_release_per_year  
                Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -2.225976522 0.6913944961 -3.219546 0.0012839367 
x1           0.001841313 0.0005583906  3.297536 0.0009753732 
x2           0.887781407 0.2535378546  3.501573 0.0004625196 
x3          -2.852646934 0.9046018817 -3.153483 0.0016133445 
R2log =  0.9194257  
Excluded as outliers:  Log4J Eclipse  ( 2 / 12 ) 
MMRE =  16.99972  
Pred(25) =  83.33333  
Error range = [ -91.57478 .. 48.61518 ] 
===================================================================== 
Usability  vs.  LCOM ,  RFC ,  avg_major_release_per_year  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -1.0374325055 3.772317e-01 -2.750120 5.957344e-03 
x1          -0.0029982675 8.837536e-04 -3.392651 6.921979e-04 
x2           0.0001167500 3.323474e-05  3.512890 4.432613e-04 
x3           3.7688278352 9.537662e-01  3.951522 7.765582e-05 
R2log =  0.9111722  
Excluded as outliers:  Hibernate JBoss Eclipse  ( 3 / 13 ) 
MMRE =  22.19637  
Pred(25) =  69.23077  
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Error range = [ -16.60725 .. 84.97433 ] 
===================================================================== 
Usability  vs.  NOC ,  Num. methods ,  
avg_number_of_revisions_per_file  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.477409e+00 4.165150e-01  3.547071 0.0003895389 
x1           9.295042e-01 3.299413e-01  2.817180 0.0048447320 
x2          -3.405378e-05 1.038496e-05 -3.279144 0.0010412231 
x3          -2.280161e-01 6.050863e-02 -3.768323 0.0001643476 
R2log =  0.925187  
Excluded as outliers:  Eclipse Findbugs  ( 2 / 13 ) 
MMRE =  16.9192  
Pred(25) =  76.92308  
Error range = [ -76.39676 .. 33.73418 ] 
===================================================================== 
Usability  vs.  NOC ,  RFC ,  avg_number_of_revisions_per_file  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.452023e+00 4.107902e-01  3.534707 0.0004082269 
x1           9.797879e-01 3.387624e-01  2.892257 0.0038248503 
x2          -1.889615e-05 5.710899e-06 -3.308787 0.0009370094 
x3          -2.288090e-01 6.045424e-02 -3.784829 0.0001538140 
R2log =  0.9254908  
Excluded as outliers:  Eclipse Findbugs  ( 2 / 13 ) 
MMRE =  16.98263  
Pred(25) =  76.92308  
Error range = [ -77.42106 .. 34.18234 ] 
===================================================================== 
Usability  vs.  Num. attributes per class ,  avg_loc_del_per_year ,  
avg_files_added_per_year  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -1.095939e+00 4.723017e-01 -2.320421 0.0203181258 
x1           9.250108e-02 3.409821e-02  2.712784 0.0066720606 
x2          -1.132612e-05 3.704026e-06 -3.057786 0.0022297888 
x3           1.801703e-03 5.166984e-04  3.486953 0.0004885581 
R2log =  0.9513335  
Excluded as outliers:  Xalan Struts  ( 2 / 13 ) 
MMRE =  15.47669  
Pred(25) =  76.92308  
Error range = [ -21.37831 .. 57.05885 ] 
===================================================================== 
Usability  vs.  Num. methods per interface ,  number_of_developers ,  
avg_files_added_per_year  
                Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  2.148413575 0.5505372832  3.902394 9.524582e-05 
x1           0.600612126 0.2157155547  2.784278 5.364699e-03 
x2          -0.089144031 0.0281935728 -3.161856 1.567668e-03 
x3          -0.001220703 0.0004121622 -2.961706 3.059400e-03 
R2log =  0.9356262  
Excluded as outliers:  HttpUnit JFreeChart Eclipse  ( 3 / 12 ) 
MMRE =  28.56627  
Pred(25) =  75  
Error range = [ -2.608493 .. 166.0575 ] 
===================================================================== 
Usability  vs.  Num. parameters per method ,  loc_total ,  
avg_number_of_revisions_per_file  
                 Estimate   Std. Error    z value    Pr(>|z|) 
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(Intercept) -2.928106e-01 5.039019e-01 -0.5810864 0.561182226 
x1           2.192435e+00 7.503722e-01  2.9217968 0.003480185 
x2          -1.727975e-06 6.001366e-07 -2.8793026 0.003985558 
x3          -1.673897e-01 5.001101e-02 -3.3470567 0.000816745 
R2log =  0.9534111  
Excluded as outliers:  JFreeChart Findbugs  ( 2 / 13 ) 
MMRE =  15.80513  
Pred(25) =  84.61538  
Error range = [ -36.13173 .. 92.21334 ] 
===================================================================== 
Usability  vs.  RFC ,  avg_loc_added_per_year ,  
avg_minor_release_per_year  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -1.241931e+00 4.321956e-01 -2.873540 0.004059000 
x1           4.416968e-05 1.344214e-05  3.285911 0.001016533 
x2          -1.329754e-05 4.248424e-06 -3.129993 0.001748107 
x3           2.164158e-01 6.715334e-02  3.222711 0.001269834 
R2log =  0.9179676  
Excluded as outliers:  Eclipse Log4J  ( 2 / 13 ) 
MMRE =  18.31503  
Pred(25) =  84.61538  
Error range = [ -95.76142 .. 20.94983 ] 
===================================================================== 
Usability  vs.  number_of_commits ,  avg_loc_del_per_year ,  
avg_number_of_revisions_per_file  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  2.124434e+00 6.089170e-01  3.488873 0.0004850622 
x1           4.331064e-04 1.461201e-04  2.964043 0.0030362537 
x2          -4.645171e-06 1.542704e-06 -3.011057 0.0026033973 
x3          -4.413094e-01 1.452192e-01 -3.038918 0.0023742919 
R2log =  0.95314  
Excluded as outliers:  HttpUnit PMD  ( 2 / 13 ) 
MMRE =  14.72492  
Pred(25) =  92.3077  
Error range = [ -82.91184 .. 23.47023 ] 
===================================================================== 
Usability  vs.  number_of_commits ,  avg_minor_release_per_year ,  
avg_files_rem_per_year  
                 Estimate   Std. Error    z value     Pr(>|z|) 
(Intercept) -0.2750728727 2.926978e-01 -0.9397845 0.3473280997 
x1           0.0002052348 7.785322e-05  2.6361763 0.0083846160 
x2          -0.2371973319 7.185502e-02 -3.3010542 0.0009632227 
x3           0.0025156723 6.821387e-04  3.6879189 0.0002260957 
R2log =  0.9296755  
Excluded as outliers:  Eclipse PMD JBoss Findbugs  ( 4 / 13 ) 
MMRE =  15.27782  
Pred(25) =  69.23077  
Error range = [ -34.63390 .. 56.81614 ] 
===================================================================== 
Usability  vs.  avg_major_release_per_year ,  avg_file_size ,  
avg_number_of_revisions_per_file  
                Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  1.062105133 0.270747737  3.922859 8.750445e-05 
x1           0.664056360 0.223363072  2.972991 2.949133e-03 
x2          -0.003598993 0.001300378 -2.767651 5.646192e-03 
x3          -0.133133846 0.045095850 -2.952242 3.154759e-03 
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R2log =  0.953425  
Excluded as outliers:  Findbugs Xalan  ( 2 / 13 ) 
MMRE =  13.65839  
Pred(25) =  84.61538  
Error range = [ -53.9137 .. 10.38267 ] 
===================================================================== 

It must be observed that it is not straightforward to establish a relation between 
a quality that is based almost exclusively on external elements (e.g., the user 
interface) and the measures of the internal qualities. Anyway, it many 
statistically valid correlations were found. 

Of these, a few ones are particularly interesting: 

- Several qualities of the code appear correlated with usability. Quite 
noticeably, these are –to some extent– related with code features that are 
perceivable by the user. For instance, usability appears better for programs 
featuring large classes, with many methods per interface and many 
parameters per method. 

- Other characteristics that seem to favour usability are: small size of the 
application, a big community of developers, small files. 

- The model involving the number of effective LOC per class and the number 
of interfaces per class indicates that big classes with few interfaces are more 
usable. 

- The model involving the number of children (per class) and the number of 
developers suggests that many developers and big generalization 
hierarchies tend to lower usability. 

- Similarly, many developers and many interfaces tend to lower usability. 

 

2.3 Portability 

The significant models found for OSS product Portability are reported below.  

 
===================================================================== 
Portability  vs.  NOC  
               Estimate Std. Error    z value   Pr(>|z|) 
(Intercept) 0.006118287  0.1886794 0.03242690 0.97413161 
x1          0.440620371  0.1784647 2.46894945 0.01355104 
R2log =  0.9353108  
Excluded as outliers:   ( 0 / 16 ) 
MMRE =  10.71177  
Pred(25) =  93.75  
Error range = [ -24.75138 .. 58.92724 ] 
===================================================================== 
Portability  vs.  Num. packages  
                Estimate  Std. Error     z value   Pr(>|z|) 
(Intercept) -0.004194415 0.238703004 -0.01757169 0.98598054 
x1           0.008580771 0.004146088  2.06960670 0.03848919 
R2log =  0.9016106  
Excluded as outliers:  Hibernate Eclipse Log4J JBoss HttpUnit  ( 5 / 
16 ) 
MMRE =  18.38079  
Pred(25) =  81.25  
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Error range = [ -20.48394 .. 70.48043 ] 
===================================================================== 
Portability  vs.  number_of_commits  
                Estimate   Std. Error    z value    Pr(>|z|) 
(Intercept) 0.0120278013 1.609803e-01 0.07471598 0.940440690 
x1          0.0001965578 6.729124e-05 2.92100173 0.003489079 
R2log =  0.9422092  
Excluded as outliers:  Findbugs Xerces  ( 2 / 13 ) 
MMRE =  15.81645  
Pred(25) =  76.92308  
Error range = [ -21.73155 .. 50.15273 ] 
===================================================================== 
Portability  vs.  avg_loc_added_per_year  
                Estimate   Std. Error  z value   Pr(>|z|) 
(Intercept) 1.848468e-01 1.239126e-01 1.491751 0.13576436 
x1          1.332811e-06 6.510682e-07 2.047115 0.04064683 
R2log =  0.9343379  
Excluded as outliers:  Log4J  ( 1 / 13 ) 
MMRE =  14.23090  
Pred(25) =  84.61538  
Error range = [ -25.49119 .. 53.39045 ] 
===================================================================== 
Portability  vs.  avg_loc_del_per_year  
                Estimate   Std. Error  z value   Pr(>|z|) 
(Intercept) 1.760508e-01 1.262019e-01 1.394994 0.16301761 
x1          2.217064e-06 1.068060e-06 2.075786 0.03791379 
R2log =  0.9344607  
Excluded as outliers:  Log4J  ( 1 / 13 ) 
MMRE =  14.26379  
Pred(25) =  84.61538  
Error range = [ -25.27657 .. 52.4856 ] 
===================================================================== 
Portability  vs.  avg_minor_release_per_year  
              Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  0.5721014 0.10693332  5.350077 8.791698e-08 
x1          -0.1004144 0.04541679 -2.210954 2.703904e-02 
R2log =  0.939608  
Excluded as outliers:  PMD  ( 1 / 13 ) 
MMRE =  15.41213  
Pred(25) =  84.61538  
Error range = [ -52.87962 .. 62.96803 ] 
===================================================================== 
Portability  vs.  avg_file_size  
                Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  0.659864885 0.11899503  5.545315 2.934258e-08 
x1          -0.002665836 0.00124469 -2.141767 3.221220e-02 
R2log =  0.943187  
Excluded as outliers:  HttpUnit  ( 1 / 13 ) 
MMRE =  13.16084  
Pred(25) =  84.61538  
Error range = [ -15.15406 .. 82.41299 ] 
===================================================================== 
Portability  vs.  avg_files_rem_per_year  
                Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept) 0.1108000471 0.1437219040 0.7709336 0.44074628 
x1          0.0006008881 0.0002678429 2.2434350 0.02486878 
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R2log =  0.9352592  
Excluded as outliers:  Log4J  ( 1 / 13 ) 
MMRE =  12.84646  
Pred(25) =  84.61538  
Error range = [ -18.42208 .. 47.84871 ] 
===================================================================== 
Portability  vs.  eLOC per class ,  Num. interfaces per class  
               Estimate Std. Error     z value   Pr(>|z|) 
(Intercept)  0.01542158 0.28934495  0.05329827 0.95749426 
x1           0.01168316 0.00522462  2.23617506 0.02534031 
x2          -0.83340573 0.35321617 -2.35947786 0.01830067 
R2log =  0.935528  
Excluded as outliers:   ( 0 / 16 ) 
MMRE =  10.39283  
Pred(25) =  93.75  
Error range = [ -17.66421 .. 59.24904 ] 
===================================================================== 
Portability  vs.  eLOC per class ,  number_of_developers  
               Estimate  Std. Error   z value    Pr(>|z|) 
(Intercept) -1.57724529 0.571693613 -2.758900 0.005799635 
x1           0.02267898 0.006953652  3.261449 0.001108444 
x2           0.03269050 0.015799349  2.069104 0.038536305 
R2log =  0.9480355  
Excluded as outliers:  JBoss Xerces JFreeChart  ( 3 / 13 ) 
MMRE =  16.68267  
Pred(25) =  76.92308  
Error range = [ -11.22802 .. 52.24266 ] 
===================================================================== 
Portability  vs.  eLOC per class ,  number_of_commits  
               Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -1.18305335 0.4995846665 -2.368074 0.017880969 
x1           0.01630795 0.0067285300  2.423702 0.015363199 
x2           0.00023042 0.0000800607  2.878066 0.004001213 
R2log =  0.950917  
Excluded as outliers:  Findbugs Xerces JFreeChart Hibernate  ( 4 / 13 
) 
MMRE =  17.05902  
Pred(25) =  76.92308  
Error range = [ -18.53022 .. 49.13461 ] 
===================================================================== 
Portability  vs.  eLOC per class ,  avg_files_added_per_year  
                Estimate  Std. Error   z value   Pr(>|z|) 
(Intercept) -0.659366993 0.418045644 -1.577261 0.11473554 
x1           0.011194816 0.005191845  2.156231 0.03106565 
x2           0.000291356 0.000146580  1.987693 0.04684569 
R2log =  0.9398228  
Excluded as outliers:  Log4J JFreeChart  ( 2 / 13 ) 
MMRE =  13.62420  
Pred(25) =  76.92308  
Error range = [ -26.68583 .. 33.47497 ] 
===================================================================== 
Portability  vs.  eLOC ,  number_of_commits  
                 Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept) -2.518569e-01 2.173471e-01 -1.158777 0.24654699 
x1           3.117141e-06 1.478170e-06  2.108784 0.03496320 
x2           1.462096e-04 5.868028e-05  2.491630 0.01271583 
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R2log =  0.9427572  
Excluded as outliers:  Log4J Findbugs  ( 2 / 13 ) 
MMRE =  13.02975  
Pred(25) =  84.61538  
Error range = [ -20.71025 .. 33.50521 ] 
===================================================================== 
Portability  vs.  eLOC ,  avg_loc_added_per_year  
                 Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept) -3.329257e-01 2.400702e-01 -1.386785 0.16550734 
x1           7.566515e-06 3.720623e-06  2.033669 0.04198499 
x2           9.848155e-06 4.202827e-06  2.343222 0.01911802 
R2log =  0.902121  
Excluded as outliers:  Log4J Hibernate Eclipse  ( 3 / 13 ) 
MMRE =  18.04398  
Pred(25) =  69.23077  
Error range = [ -33.59961 .. 64.02265 ] 
===================================================================== 
Portability  vs.  NOC ,  avg_major_release_per_year  
              Estimate Std. Error   z value    Pr(>|z|) 
(Intercept) -0.3960619  0.2586403 -1.531323 0.125689464 
x1           0.7118446  0.2200544  3.234858 0.001217032 
x2           0.5762714  0.2515248  2.291112 0.021956957 
R2log =  0.9412296  
Excluded as outliers:   ( 0 / 13 ) 
MMRE =  10.64644  
Pred(25) =  92.3077  
Error range = [ -21.11247 .. 46.37953 ] 
===================================================================== 
Portability  vs.  Num. attributes per class ,  Num. interfaces per 
class  
               Estimate Std. Error   z value    Pr(>|z|) 
(Intercept)  0.32471919 0.25489890  1.273914 0.202694026 
x1           0.07036238 0.02574657  2.732884 0.006278249 
x2          -1.23692159 0.60769420 -2.035434 0.041807198 
R2log =  0.9195973  
Excluded as outliers:  Xalan Eclipse JFreeChart  ( 3 / 16 ) 
MMRE =  16.44728  
Pred(25) =  81.25  
Error range = [ -52.68945 .. 52.80556 ] 
===================================================================== 
Portability  vs.  Num. attributes per class ,  avg_loc_added_per_year  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -5.245831e-01 3.029183e-01 -1.731764 0.083315563 
x1           7.867423e-02 2.670383e-02  2.946177 0.003217278 
x2           2.485275e-06 8.292496e-07  2.997017 0.002726354 
R2log =  0.9428937  
Excluded as outliers:  Xalan  ( 1 / 13 ) 
MMRE =  11.46008  
Pred(25) =  76.92308  
Error range = [ -27.69325 .. 44.04283 ] 
===================================================================== 
Portability  vs.  Num. attributes per class ,  
avg_files_added_per_year  
                Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -0.985127258 0.4267070915 -2.308673 0.020961719 
x1           0.103678016 0.0322403014  3.215789 0.001300863 
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x2           0.000649628 0.0002089110  3.109592 0.001873462 
R2log =  0.9437716  
Excluded as outliers:  Xalan  ( 1 / 13 ) 
MMRE =  10.74839  
Pred(25) =  84.61538  
Error range = [ -27.70668 .. 50.44839 ] 
===================================================================== 
Portability  vs.  Num. attributes per class ,  avg_files_rem_per_year  
                Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -0.747862486 0.3316380303 -2.255056 0.0241297844 
x1           0.083732794 0.0262664842  3.187819 0.0014335031 
x2           0.001205168 0.0003517711  3.425999 0.0006125431 
R2log =  0.9458639  
Excluded as outliers:  Xalan  ( 1 / 13 ) 
MMRE =  10.40512  
Pred(25) =  92.3077  
Error range = [ -14.36646 .. 45.60686 ] 
===================================================================== 
Portability  vs.  Num. classes ,  number_of_commits  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -0.5430990054 2.719832e-01 -1.996811 0.045845701 
x1           0.0004568289 1.694052e-04  2.696664 0.007003791 
x2           0.0001392666 6.424995e-05  2.167576 0.030190957 
R2log =  0.9456483  
Excluded as outliers:  Hibernate Log4J Findbugs  ( 3 / 13 ) 
MMRE =  14.21276  
Pred(25) =  76.92308  
Error range = [ -25.76938 .. 45.86888 ] 
===================================================================== 
Portability  vs.  Num. classes ,  avg_minor_release_per_year  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -0.9088609952 0.3716682083 -2.445356 0.014470932 
x1           0.0006517561 0.0002123150  3.069759 0.002142312 
x2           0.1269413418 0.0520342523  2.439573 0.014704643 
R2log =  0.908363  
Excluded as outliers:  Hibernate Log4J Eclipse  ( 3 / 13 ) 
MMRE =  13.62914  
Pred(25) =  84.61538  
Error range = [ -45.61771 .. 59.36778 ] 
===================================================================== 
Portability  vs.  Num. intefaces ,  number_of_commits  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -0.4478618249 2.769859e-01 -1.616912 0.105897247 
x1           0.0013682635 6.026205e-04  2.270523 0.023175891 
x2           0.0001952674 6.400575e-05  3.050778 0.002282490 
R2log =  0.943583  
Excluded as outliers:  Findbugs Log4J  ( 2 / 13 ) 
MMRE =  12.57970  
Pred(25) =  84.61538  
Error range = [ -26.78737 .. 41.59215 ] 
===================================================================== 
Portability  vs.  Num. interfaces per class ,  avg_loc_added_per_year  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -8.970830e-01 5.201808e-01 -1.724560 0.084606803 
x1           1.929766e+00 9.568846e-01  2.016718 0.043724982 
x2           2.135463e-06 7.441444e-07  2.869689 0.004108755 
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R2log =  0.9506278  
Excluded as outliers:  Log4J JFreeChart PMD Xalan  ( 4 / 13 ) 
MMRE =  20.84615  
Pred(25) =  69.23077  
Error range = [ -44.30088 .. 79.26454 ] 
===================================================================== 
Portability  vs.  Num. interfaces per class ,  
avg_loc_changed_per_year  
                 Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept) -9.809138e-01 5.540023e-01 -1.770595 0.07662802 
x1           1.965565e+00 9.749763e-01  2.016013 0.04379862 
x2           1.238586e-05 5.820232e-06  2.128069 0.03333135 
R2log =  0.9186119  
Excluded as outliers:  Log4J JFreeChart Eclipse PMD  ( 4 / 13 ) 
MMRE =  20.58737  
Pred(25) =  76.92308  
Error range = [ -50.07036 .. 81.08735 ] 
===================================================================== 
Portability  vs.  Num. methods ,  number_of_developers  
                 Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept) -6.855473e-01 3.506386e-01 -1.955139 0.05056663 
x1           3.950307e-05 1.741586e-05  2.268223 0.02331559 
x2           2.514099e-02 1.208546e-02  2.080267 0.03750105 
R2log =  0.88616  
Excluded as outliers:  JBoss Hibernate Log4J Eclipse  ( 4 / 13 ) 
MMRE =  13.27631  
Pred(25) =  76.92308  
Error range = [ -31.64981 .. 39.47828 ] 
===================================================================== 
Portability  vs.  Num. methods ,  number_of_commits  
                 Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept) -5.118394e-01 2.777290e-01 -1.842946 0.06533696 
x1           3.540696e-05 1.796632e-05  1.970741 0.04875352 
x2           1.457845e-04 6.401731e-05  2.277267 0.02277027 
R2log =  0.9059039  
Excluded as outliers:  Findbugs Hibernate Log4J Eclipse  ( 4 / 13 ) 
MMRE =  13.31735  
Pred(25) =  76.92308  
Error range = [ -25.97897 .. 38.64894 ] 
===================================================================== 
Portability  vs.  Num. methods per class ,  number_of_developers  
               Estimate Std. Error   z value   Pr(>|z|) 
(Intercept) -0.76214314 0.41110009 -1.853911 0.06375184 
x1           0.04083547 0.01711757  2.385587 0.01705187 
x2           0.02705574 0.01247101  2.169491 0.03004546 
R2log =  0.9069518  
Excluded as outliers:  Eclipse JBoss  ( 2 / 13 ) 
MMRE =  14.42247  
Pred(25) =  92.3077  
Error range = [ -19.49528 .. 35.44429 ] 
===================================================================== 
Portability  vs.  Num. methods per class ,  avg_files_rem_per_year  
                Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -1.401151288 0.4784291674 -2.928649 0.0034043820 
x1           0.086881803 0.0241250590  3.601309 0.0003166185 
x2           0.001779986 0.0004668373  3.812861 0.0001373672 
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R2log =  0.9506442  
Excluded as outliers:  Saxon JFreeChart  ( 2 / 13 ) 
MMRE =  10.61243  
Pred(25) =  84.61538  
Error range = [ -16.01616 .. 43.45743 ] 
===================================================================== 
Portability  vs.  Num. packages ,  files_count_total  
                 Estimate   Std. Error    z value    Pr(>|z|) 
(Intercept) -0.0301593966 1.916745e-01 -0.1573469 0.874971424 
x1          -0.0014385022 7.141690e-04 -2.0142322 0.043985166 
x2           0.0002725920 8.894285e-05  3.0647998 0.002178157 
R2log =  0.944879  
Excluded as outliers:  Struts  ( 1 / 13 ) 
MMRE =  12.51286  
Pred(25) =  84.61538  
Error range = [ -15.83264 .. 67.21671 ] 
===================================================================== 
Portability  vs.  number_of_commits ,  avg_loc_del_per_year  
                 Estimate   Std. Error    z value   Pr(>|z|) 
(Intercept) -1.135053e-01 1.795502e-01 -0.6321646 0.52727931 
x1           1.306292e-04 5.840338e-05  2.2366724 0.02530776 
x2           2.168563e-06 1.101396e-06  1.9689230 0.04896193 
R2log =  0.9421034  
Excluded as outliers:  Findbugs Log4J  ( 2 / 13 ) 
MMRE =  12.53054  
Pred(25) =  76.92308  
Error range = [ -26.61639 .. 38.44538 ] 
===================================================================== 
Portability  vs.  number_of_commits,  avg_number_of_revisions_per_file  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept)  0.9410407612 0.3063268623  3.072015 0.002126189 
x1           0.0002265082 0.0000896267  2.527240 0.011496287 
x2          -0.1857985624 0.0831592345 -2.234251 0.025466594 
R2log =  0.9452566  
Excluded as outliers:  HttpUnit  ( 1 / 13 ) 
MMRE =  7.85448  
Pred(25) =  92.3077  
Error range = [ -28.58283 .. 21.08558 ] 
===================================================================== 
Portability  vs.  avg_loc_del_per_year ,  avg_files_added_per_year  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -6.153454e-01 3.493394e-01 -1.761454 0.078161555 
x1          -4.343670e-05 1.381101e-05 -3.145077 0.001660431 
x2           5.419683e-03 1.690392e-03  3.206169 0.001345150 
R2log =  0.9509937  
Excluded as outliers:  Struts JMeter Saxon JBoss  ( 4 / 13 ) 
MMRE =  26.54814  
Pred(25) =  69.23077  
Error range = [ -93.72741 .. 114.0597 ] 
===================================================================== 
Portability  vs.  Comment lines,  number_of_developers,  avg_file_size  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -6.449330e-01 3.461394e-01 -1.863218 0.062431648 
x1           1.631269e-05 5.194586e-06  3.140326 0.001687601 
x2           5.893910e-02 1.942241e-02  3.034592 0.002408609 
x3          -1.388103e-02 4.895099e-03 -2.835700 0.004572538 



   

 

QualiPSo • 034763 • wd 5.6.2  •  version 3.0, dated 31/01/2011 • Page 35 of 124 

  

R2log =  0.9198574  
Excluded as outliers:  Eclipse JFreeChart Log4J  ( 3 / 13 ) 
MMRE =  13.94420  
Pred(25) =  84.61538  
Error range = [ -82.56909 .. 39.83818 ] 
===================================================================== 
Portability  vs.  Comment lines per class ,  Num. parameters per 
method ,  avg_loc_del_per_year  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -6.175496e+00 2.080734e+00 -2.967941 0.0029980210 
x1           3.821655e-02 1.122704e-02  3.403975 0.0006641286 
x2           5.711432e+00 1.929679e+00  2.959784 0.0030785493 
x3           6.624022e-06 2.129262e-06  3.110948 0.0018648771 
R2log =  0.9504527  
Excluded as outliers:  JFreeChart Xerces Xalan  ( 3 / 13 ) 
MMRE =  21.36284  
Pred(25) =  76.92308  
Error range = [ -8.991063 .. 92.0739 ] 
===================================================================== 
Portability  vs.  NOC ,  Num. public methods ,  
avg_number_of_revisions_per_file  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept)  1.047801e+00 4.698460e-01  2.230095 0.025741130 
x1           1.065387e+00 4.068001e-01  2.618945 0.008820225 
x2          -3.320832e-05 1.245291e-05 -2.666712 0.007659722 
x3          -1.739705e-01 6.110712e-02 -2.846976 0.004413663 
R2log =  0.9239383  
Excluded as outliers:  Findbugs Eclipse  ( 2 / 12 ) 
MMRE =  12.1079  
Pred(25) =  91.66667  
Error range = [ -64.46087 .. 19.66994 ] 
===================================================================== 
Portability  vs.  NOC ,  RFC ,  avg_number_of_revisions_per_file  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  9.439646e-01 4.196585e-01  2.249364 0.0244893781 
x1           1.153994e+00 3.462502e-01  3.332831 0.0008596702 
x2          -1.542661e-05 5.963490e-06 -2.586842 0.0096860024 
x3          -1.701780e-01 6.089283e-02 -2.794714 0.0051945605 
R2log =  0.9236245  
Excluded as outliers:  Eclipse Findbugs  ( 2 / 13 ) 
MMRE =  12.11932  
Pred(25) =  92.3077  
Error range = [ -65.87813 .. 21.19443 ] 
===================================================================== 
Portability  vs.  Num. attributes per class ,  number_of_developers ,  
avg_file_size  
               Estimate  Std. Error   z value    Pr(>|z|) 
(Intercept) -0.55255496 0.338490736 -1.632408 0.102593582 
x1           0.05533821 0.017885634  3.094003 0.001974754 
x2           0.04609953 0.016996677  2.712267 0.006682464 
x3          -0.01094665 0.003521662 -3.108375 0.001881193 
R2log =  0.9187988  
Excluded as outliers:  JFreeChart Hibernate Eclipse  ( 3 / 13 ) 
MMRE =  16.86146  
Pred(25) =  84.61538  
Error range = [ -86.40784 .. 16.88319 ] 
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===================================================================== 
Portability  vs.  Num. intefaces ,  avg_loc_del_per_year ,  
avg_files_added_per_year  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -3.388153e-01 3.234037e-01 -1.047654 0.294797884 
x1          -2.300478e-03 8.562732e-04 -2.686617 0.007217970 
x2          -3.272058e-05 1.138772e-05 -2.873321 0.004061812 
x3           4.874270e-03 1.549901e-03  3.144891 0.001661487 
R2log =  0.9295195  
Excluded as outliers:  Struts JMeter Saxon Eclipse  ( 4 / 13 ) 
MMRE =  24.08698  
Pred(25) =  76.92308  
Error range = [ -86.86945 .. 113.7307 ] 
===================================================================== 
Portability  vs.  RFC ,  number_of_developers ,  avg_file_size  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -3.393973e-01 3.080732e-01 -1.101677 0.2706019396 
x1           1.583194e-05 5.672573e-06  2.790962 0.0052551626 
x2           5.717448e-02 1.832104e-02  3.120701 0.0018042140 
x3          -1.376401e-02 3.891501e-03 -3.536940 0.0004047911 
R2log =  0.9481513  
Excluded as outliers:  JFreeChart Xalan  ( 2 / 13 ) 
MMRE =  17.54613  
Pred(25) =  84.61538  
Error range = [ -92.08473 .. 22.93954 ] 
===================================================================== 

 

 

The results found for portability seem very reasonable, and generally 
conformant to the expectations. 

The fact that portability grows with the NOC (number of children, i.e., the 
number of sub-classes) seems to indicate that portability is favoured by rich 
generalization hierarchies. This seems reasonable: the richer the hierarchy, the 
easier to encapsulate and share the required adaptations. 

The fact that portability grows with the number of packages seems to indicate 
that in a system with several packages it is easier to find packages that do not 
depend on the specific platform, and can thus be ported with little effort. 

2.4 How well are functional requirements satisfied 

The significant models found for the quality of functionality of OSS product are 
reported below.  
===================================================================== 
Functionality  vs.  Num. interfaces per class  
              Estimate Std. Error   z value   Pr(>|z|) 
(Intercept)  0.7450709  0.2549091  2.922888 0.00346801 
x1          -1.0983750  0.5303379 -2.071085 0.03835083 
R2log =  0.9317681  
Excluded as outliers:  JFreeChart Ant Log4J  ( 3 / 16 ) 
MMRE =  18.98631  
Pred(25) =  87.5  
Error range = [ -52.31743 .. 83.93556 ] 
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===================================================================== 
Functionality  vs.  Num. parameters per method  
            Estimate Std. Error   z value    Pr(>|z|) 
(Intercept) -3.49077   1.185073 -2.945616 0.003223126 
x1           4.16690   1.328144  3.137385 0.001704621 
R2log =  0.914783  
Excluded as outliers:  JFreeChart Eclipse Log4J Xerces Xalan  ( 5 / 16 
) 
MMRE =  25.05199  
Pred(25) =  68.75  
Error range = [ -32.37865 .. 85.00896 ] 
===================================================================== 
Functionality  vs.  eLOC per class ,  NOC  
               Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  2.25111836 0.535759829  4.201730 2.648825e-05 
x1          -0.01058974 0.004512445 -2.346784 1.893621e-02 
x2          -1.03228470 0.328260474 -3.144712 1.662503e-03 
R2log =  0.9466003  
Excluded as outliers:  Struts HttpUnit JBoss  ( 3 / 16 ) 
MMRE =  24.09179  
Pred(25) =  81.25  
Error range = [ -17.43163 .. 135.2985 ] 
===================================================================== 
Functionality  vs.  McCabe ,  Num. interfaces per class  
              Estimate Std. Error    z value    Pr(>|z|) 
(Intercept)  0.1368442  0.3981805  0.3436739 0.731091577 
x1           0.4176823  0.1753541  2.3819360 0.017221888 
x2          -1.4897286  0.5364611 -2.7769553 0.005487073 
R2log =  0.9373074  
Excluded as outliers:  JFreeChart Ant  ( 2 / 16 ) 
MMRE =  19.12763  
Pred(25) =  75  
Error range = [ -65.79397 .. 76.1848 ] 
===================================================================== 
Functionality  vs.  McCabe ,  Num. packages  
                Estimate  Std. Error   z value    Pr(>|z|) 
(Intercept) -1.757822813 0.607124101 -2.895327 0.003787637 
x1           0.825670508 0.260955347  3.164030 0.001556008 
x2           0.001780181 0.000643463  2.766563 0.005665057 
R2log =  0.9403595  
Excluded as outliers:  Log4J Xerces  ( 2 / 16 ) 
MMRE =  17.37332  
Pred(25) =  75  
Error range = [ -26.99862 .. 89.81255 ] 
===================================================================== 
Functionality  vs.  NOC ,  avg_major_release_per_year  
             Estimate Std. Error   z value    Pr(>|z|) 
(Intercept) -0.867490  0.4552082 -1.905699 0.056689205 
x1           0.853847  0.3708497  2.302407 0.021312227 
x2           1.020235  0.3187589  3.200648 0.001371188 
R2log =  0.9454726  
Excluded as outliers:  Findbugs Struts  ( 2 / 13 ) 
MMRE =  18.66207  
Pred(25) =  61.53846  
Error range = [ -49.12099 .. 36.20203 ] 
===================================================================== 
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Functionality  vs.  Num. abstract classes ,  
avg_major_release_per_year  
               Estimate Std. Error   z value     Pr(>|z|) 
(Intercept) -1.44136623 0.47193257 -3.054178 0.0022567789 
x1           0.02767946 0.00830486  3.332924 0.0008593848 
x2           0.98212339 0.37244580  2.636957 0.0083653556 
R2log =  0.9055075  
Excluded as outliers:  Hibernate Log4J Eclipse  ( 3 / 12 ) 
MMRE =  17.23076  
Pred(25) =  75  
Error range = [ -40.51264 .. 66.5348 ] 
===================================================================== 
Functionality  vs.  Num. attributes per class ,  avg_loc_del_per_year  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -1.014968e+00 3.764819e-01 -2.695928 0.007019284 
x1           1.175199e-01 3.309772e-02  3.550694 0.000384217 
x2           2.321163e-05 8.270373e-06  2.806600 0.005006741 
R2log =  0.9202994  
Excluded as outliers:  Xalan JMeter Eclipse Hibernate  ( 4 / 13 ) 
MMRE =  32.83968  
Pred(25) =  61.53846  
Error range = [ -13.42438 .. 105.1776 ] 
===================================================================== 
Functionality  vs.  Num. attributes per class ,  
avg_files_rem_per_year  
                Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -1.148410053 0.3905895255 -2.940197 0.0032800390 
x1           0.113267363 0.0314302479  3.603769 0.0003136355 
x2           0.002018125 0.0006017499  3.353761 0.0007972107 
R2log =  0.931045  
Excluded as outliers:  Eclipse Xalan JMeter Saxon  ( 4 / 13 ) 
MMRE =  21.48039  
Pred(25) =  69.23077  
Error range = [ -19.09805 .. 92.29205 ] 
===================================================================== 
Functionality  vs.  Num. classes ,  avg_loc_del_per_year  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -6.153276e-01 2.659876e-01 -2.313370 0.020702332 
x1           5.774833e-04 1.948560e-04  2.963641 0.003040227 
x2           2.167706e-05 8.133599e-06  2.665125 0.007695968 
R2log =  0.9090974  
Excluded as outliers:  Log4J Hibernate Eclipse JMeter  ( 4 / 13 ) 
MMRE =  27.8931  
Pred(25) =  69.23077  
Error range = [ -36.41704 .. 94.76576 ] 
===================================================================== 
Functionality  vs.  Num. classes ,  avg_files_rem_per_year  
                Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -0.895667615 0.3308817598 -2.706911 0.006791237 
x1           0.000658236 0.0002233337  2.947320 0.003205413 
x2           0.001853535 0.0006346102  2.920746 0.003491948 
R2log =  0.9091585  
Excluded as outliers:  Eclipse Hibernate Log4J Saxon  ( 4 / 13 ) 
MMRE =  20.39907  
Pred(25) =  61.53846  
Error range = [ -34.98736 .. 60.99512 ] 



   

 

QualiPSo • 034763 • wd 5.6.2  •  version 3.0, dated 31/01/2011 • Page 39 of 124 

  

===================================================================== 
Functionality  vs.  Num. interfaces per class ,  Num. methods per 
class  
               Estimate Std. Error    z value     Pr(>|z|) 
(Intercept)  0.18749004 0.27605507  0.6791762 0.4970262105 
x1          -2.50502145 0.74828084 -3.3477022 0.0008148451 
x2           0.07833879 0.02596526  3.0170616 0.0025523790 
R2log =  0.916687  
Excluded as outliers:  JFreeChart Eclipse Struts  ( 3 / 16 ) 
MMRE =  21.79355  
Pred(25) =  68.75  
Error range = [ -76.55168 .. 68.99152 ] 
===================================================================== 
Functionality  vs.  Num. interfaces per class ,  Num. parameters per 
method  
              Estimate Std. Error   z value   Pr(>|z|) 
(Intercept) -0.9015462  0.6673132 -1.351009 0.17669252 
x1          -0.6489929  0.2948490 -2.201103 0.02772876 
x2           1.5241062  0.7718360  1.974650 0.04830783 
R2log =  0.905158  
Excluded as outliers:  Eclipse Log4J  ( 2 / 16 ) 
MMRE =  16.91334  
Pred(25) =  87.5  
Error range = [ -24.15567 .. 73.72886 ] 
===================================================================== 
Functionality  vs.  Num. methods ,  avg_loc_del_per_year  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -5.331824e-01 2.680320e-01 -1.989249 0.046673688 
x1           4.647024e-05 1.807923e-05  2.570366 0.010159110 
x2           2.103153e-05 7.991604e-06  2.631703 0.008495798 
R2log =  0.9034713  
Excluded as outliers:  Log4J Hibernate Eclipse JMeter  ( 4 / 13 ) 
MMRE =  28.68040  
Pred(25) =  53.84615  
Error range = [ -35.85081 .. 93.79683 ] 
===================================================================== 
Functionality  vs.  Num. methods ,  avg_files_rem_per_year  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -9.435916e-01 3.721781e-01 -2.535323 0.011234371 
x1           6.253675e-05 2.318895e-05  2.696834 0.007000221 
x2           2.004282e-03 6.768899e-04  2.961016 0.003066264 
R2log =  0.9057255  
Excluded as outliers:  Eclipse Log4J Hibernate Saxon  ( 4 / 13 ) 
MMRE =  20.84533  
Pred(25) =  61.53846  
Error range = [ -36.84204 .. 57.3247 ] 
===================================================================== 
Functionality  vs.  Num. parameters per method ,  
avg_loc_added_per_year  
                 Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept) -1.957916e+00 9.140141e-01 -2.142107 0.03218486 
x1           2.224509e+00 9.385256e-01  2.370217 0.01777765 
x2           2.151534e-06 1.017503e-06  2.114524 0.03447050 
R2log =  0.9407627  
Excluded as outliers:  Log4J JFreeChart  ( 2 / 13 ) 
MMRE =  19.27807  
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Pred(25) =  76.92308  
Error range = [ -25.93316 .. 58.3703 ] 
===================================================================== 
Functionality  vs.  Num. parameters per method ,  avg_file_size  
                Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept) -1.733445101 0.991043422 -1.749111 0.0802718080 
x1           2.901564383 1.157421528  2.506921 0.0121787913 
x2          -0.008904432 0.002528503 -3.521623 0.0004289144 
R2log =  0.9154348  
Excluded as outliers:  HttpUnit Eclipse JBoss Hibernate  ( 4 / 13 ) 
MMRE =  17.35488  
Pred(25) =  84.61538  
Error range = [ -34.56152 .. 110.4916 ] 
===================================================================== 
Functionality  vs.  Num. parameters per method ,  
avg_number_of_revisions_per_file  
              Estimate Std. Error   z value    Pr(>|z|) 
(Intercept) -1.3580182 0.97622847 -1.391086 0.164199202 
x1           2.6272449 1.11027959  2.366291 0.017967304 
x2          -0.1449286 0.04713002 -3.075080 0.002104461 
R2log =  0.9212523  
Excluded as outliers:  Findbugs JFreeChart Eclipse Log4J  ( 4 / 13 ) 
MMRE =  16.37434  
Pred(25) =  84.61538  
Error range = [ -46.54962 .. 62.30518 ] 
===================================================================== 
Functionality  vs.  number_of_commits ,  avg_files_added_per_year  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -0.6668107696 2.932823e-01 -2.273614 0.022989201 
x1           0.0001439326 4.906963e-05  2.933232 0.003354535 
x2           0.0006864119 2.524275e-04  2.719244 0.006543131 
R2log =  0.900696  
Excluded as outliers:  Eclipse Log4J JBoss  ( 3 / 13 ) 
MMRE =  14.82855  
Pred(25) =  84.61538  
Error range = [ -30.28455 .. 21.50222 ] 
===================================================================== 
Functionality  vs.  avg_major_release_per_year ,  
avg_number_of_revisions_per_file  
              Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  0.8607637 0.25257748  3.407920 0.0006546019 
x1           0.7928650 0.24034152  3.298910 0.0009706113 
x2          -0.1335213 0.04397685 -3.036171 0.0023960304 
R2log =  0.948359  
Excluded as outliers:  Findbugs JBoss  ( 2 / 13 ) 
MMRE =  14.71929  
Pred(25) =  84.61538  
Error range = [ -57.35873 .. 33.24373 ] 
===================================================================== 
Functionality  vs.  CBO ,  number_of_developers ,  avg_file_size  
                Estimate  Std. Error   z value    Pr(>|z|) 
(Intercept) -2.465616614 0.889233767 -2.772743 0.005558602 
x1           0.424667287 0.135511970  3.133799 0.001725590 
x2           0.069288488 0.021160921  3.274361 0.001059014 
x3          -0.009744562 0.003548663 -2.745981 0.006033019 
R2log =  0.9169556  
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Excluded as outliers:  Eclipse JFreeChart Log4J Struts  ( 4 / 13 ) 
MMRE =  25.39488  
Pred(25) =  69.23077  
Error range = [ -85.28802 .. 80.22599 ] 
===================================================================== 
Functionality  vs.  LCOM ,  eLOC per class ,  avg_loc_changed_per_year  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.2967276150 4.893075e-01  2.650128 0.0080461230 
x1           0.0033643798 9.897612e-04  3.399183 0.0006758744 
x2          -0.0377942452 1.305957e-02 -2.893990 0.0038038087 
x3          -0.0001064282 3.091127e-05 -3.443023 0.0005752505 
R2log =  0.9208278  
Excluded as outliers:  Eclipse Hibernate Xalan PMD  ( 4 / 13 ) 
MMRE =  31.92146  
Pred(25) =  69.23077  
Error range = [ -99.99955 .. 24.34012 ] 
===================================================================== 
Functionality  vs.  LCOM ,  McCabe ,  Num. methods  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -3.402197e+00 9.983944e-01 -3.407668 0.0006552057 
x1           1.090754e-03 3.170164e-04  3.440688 0.0005802378 
x2           1.807018e+00 4.954502e-01  3.647224 0.0002650884 
x3          -7.960914e-05 2.117883e-05 -3.758901 0.0001706613 
R2log =  0.929928  
Excluded as outliers:  Hibernate Eclipse Xerces PMD JFreeChart  ( 5 / 
16 ) 
MMRE =  23.15751  
Pred(25) =  75  
Error range = [ -96.11598 .. 67.56698 ] 
===================================================================== 
Functionality  vs.  LCOM ,  McCabe ,  RFC  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -3.311980e+00 9.881129e-01 -3.351823 0.0008028135 
x1           1.030515e-03 3.083718e-04  3.341794 0.0008323872 
x2           1.760586e+00 4.900222e-01  3.592870 0.0003270560 
x3          -4.054816e-05 1.096388e-05 -3.698341 0.0002170129 
R2log =  0.9292027  
Excluded as outliers:  Hibernate Eclipse Xerces PMD JFreeChart  ( 5 / 
16 ) 
MMRE =  22.94586  
Pred(25) =  75  
Error range = [ -95.24089 .. 66.66683 ] 
===================================================================== 
Functionality  vs.  LCOM ,  Num. classes ,  avg_major_release_per_year  
                Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -0.919498470 0.3201555460 -2.872037 4.078356e-03 
x1          -0.001279773 0.0004963768 -2.578228 9.930851e-03 
x2           0.001331442 0.0003927655  3.389917 6.991389e-04 
x3           2.554518397 0.6226761886  4.102483 4.087401e-05 
R2log =  0.9125509  
Excluded as outliers:  Hibernate JBoss Eclipse  ( 3 / 13 ) 
MMRE =  19.34007  
Pred(25) =  76.92308  
Error range = [ -11.54300 .. 68.1454 ] 
===================================================================== 
Functionality  vs.  eLOC ,  number_of_developers ,  avg_file_size  
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                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -6.992921e-01 3.490623e-01 -2.003345 0.045140323 
x1           1.266613e-05 4.502034e-06  2.813424 0.004901702 
x2           5.409217e-02 1.751427e-02  3.088463 0.002011946 
x3          -1.222264e-02 4.037460e-03 -3.027310 0.002467405 
R2log =  0.9064673  
Excluded as outliers:  Eclipse JFreeChart Log4J Hibernate  ( 4 / 13 ) 
MMRE =  21.18931  
Pred(25) =  76.92308  
Error range = [ -87.69373 .. 48.97809 ] 
===================================================================== 
Functionality  vs.  McCabe ,  Num. attributes per class ,  RFC  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -2.872054e+00 7.575738e-01 -3.791121 1.499686e-04 
x1           1.362732e+00 3.416458e-01  3.988727 6.642878e-05 
x2           7.196692e-02 2.554630e-02  2.817117 4.845680e-03 
x3          -2.737974e-05 8.377811e-06 -3.268126 1.082621e-03 
R2log =  0.9241361  
Excluded as outliers:  Hibernate Eclipse Xalan Xerces  ( 4 / 16 ) 
MMRE =  23.78099  
Pred(25) =  68.75  
Error range = [ -88.6702 .. 80.99423 ] 
===================================================================== 
Functionality  vs.  McCabe ,  Num. public methods ,  
avg_number_of_revisions_per_file  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  8.328009e-01 5.559435e-01  1.497996 0.1341343503 
x1           5.319692e-01 1.991706e-01  2.670923 0.0075642963 
x2          -5.559763e-05 2.091174e-05 -2.658680 0.0078447522 
x3          -1.825461e-01 5.227363e-02 -3.492126 0.0004791929 
R2log =  0.9527055  
Excluded as outliers:  Hibernate Findbugs  ( 2 / 12 ) 
MMRE =  15.20557  
Pred(25) =  83.33333  
Error range = [ -63.70004 .. 12.57883 ] 
===================================================================== 
Functionality  vs.  NOC ,  number_of_developers ,  
avg_number_of_revisions_per_file  
               Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  3.29958018 0.92967571  3.549173 0.0003864427 
x1          -2.61164122 0.79706360 -3.276578 0.0010507321 
x2           0.04861172 0.01489923  3.262699 0.0011035657 
x3          -0.21208193 0.05929593 -3.576669 0.0003479998 
R2log =  0.9218768  
Excluded as outliers:  JBoss Struts Eclipse Xalan  ( 4 / 13 ) 
MMRE =  23.63456  
Pred(25) =  76.92308  
Error range = [ -46.20078 .. 96.78939 ] 
===================================================================== 
Functionality  vs.  Num. abstract classes ,  number_of_commits ,  
avg_number_of_revisions_per_file  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  2.0739778658 0.6223007294  3.332758 0.0008598964 
x1          -0.0110511395 0.0039341929 -2.808998 0.0049695969 
x2           0.0002598977 0.0000997688  2.605000 0.0091874229 
x3          -0.3278165878 0.1120994265 -2.924338 0.0034518995 
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R2log =  0.9545767  
Excluded as outliers:  Hibernate Findbugs HttpUnit  ( 3 / 12 ) 
MMRE =  19.57507  
Pred(25) =  66.66667  
Error range = [ -61.55242 .. 27.00523 ] 
===================================================================== 
Functionality  vs.  Num. methods ,  Num. methods per class ,  
avg_major_release_per_year  
                 Estimate   Std. Error    z value     Pr(>|z|) 
(Intercept)  0.0694395339 3.359944e-01  0.2066687 0.8362685744 
x1           0.0001311857 3.645003e-05  3.5990565 0.0003193738 
x2          -0.1163979089 3.781620e-02 -3.0779908 0.0020840132 
x3           1.3582689658 4.746267e-01  2.8617625 0.0042129244 
R2log =  0.8989034  
Excluded as outliers:  Hibernate Log4J Eclipse JBoss  ( 4 / 13 ) 
MMRE =  17.50591  
Pred(25) =  76.92308  
Error range = [ -50.17684 .. 67.15441 ] 
===================================================================== 
Functionality  vs.  Num. methods ,  files_count_total ,  
avg_number_of_revisions_per_file  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept)  1.333963e+00 4.626388e-01  2.883379 0.003934334 
x1          -2.755409e-05 9.604289e-06 -2.868936 0.004118550 
x2           1.907948e-04 7.357363e-05  2.593250 0.009507367 
x3          -1.673926e-01 5.448983e-02 -3.071997 0.002126317 
R2log =  0.9291725  
Excluded as outliers:  Findbugs Eclipse Struts  ( 3 / 13 ) 
MMRE =  16.16133  
Pred(25) =  84.61538  
Error range = [ -60.76103 .. 58.34261 ] 
===================================================================== 
Functionality  vs.  Num. methods per class ,  RFC ,  
avg_major_release_per_year  
                 Estimate   Std. Error    z value     Pr(>|z|) 
(Intercept)  5.169164e-02 3.358231e-01  0.1539252 0.8776687103 
x1          -1.085938e-01 3.671259e-02 -2.9579440 0.0030969837 
x2           6.573557e-05 1.884409e-05  3.4883917 0.0004859356 
x3           1.079603e+00 3.750030e-01  2.8789197 0.0039903994 
R2log =  0.9092877  
Excluded as outliers:  Hibernate Log4J Eclipse  ( 3 / 13 ) 
MMRE =  16.99585  
Pred(25) =  76.92308  
Error range = [ -53.24238 .. 66.22875 ] 
===================================================================== 

 

Quite interestingly the degree of satisfaction of functionality seems to be 
correlated to: 

- The number of interfaces per class: few interfaces favour the focusing on 
user relevant functionalities; 

- The number of parameters per method: several parameters allow 
expressing more precisely and flexibly the functionality that methods have to 
provide. 



   

 

QualiPSo • 034763 • wd 5.6.2  •  version 3.0, dated 31/01/2011 • Page 44 of 124 

  

- Quite interestingly, some other methods seem to indicate that a higher 
McCabe’s complexity –which is generally considered negative– 
characterizes more functionally satisfactory products. 

 

2.5 Interoperability   

The significant models found for OSS product Interoperability are reported 
below.  
===================================================================== 
Interoperability vs. Comment lines per class, 
avg_minor_release_per_year 
               Estimate Std. Error   z value   Pr(>|z|) 
(Intercept) -0.94854075 0.39812367 -2.382528 0.01719423 
x1           0.02185037 0.00902074  2.422236 0.01542531 
x2           0.09648049 0.04114832  2.344701 0.01904236 
R2log =  0.94568  
Excluded as outliers:  JFreeChart Xerces Hibernate  ( 3 / 13 ) 
MMRE =  22.53636  
Pred(25) =  69.23077  
Error range = [ -27.87267 .. 85.69022 ] 
===================================================================== 
Interoperability  vs.  Comment lines per class,  
avg_files_rem_per_year  
                Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -0.952668736 0.3761882495 -2.532426 0.011327642 
x1           0.020268193 0.0081942844  2.473455 0.013381369 
x2           0.001820175 0.0006566018  2.772113 0.005569364 
R2log =  0.9243362  
Excluded as outliers:  Eclipse Saxon JFreeChart Xerces  ( 4 / 13 ) 
MMRE =  25.49909  
Pred(25) =  61.53846  
Error range = [ -11.08827 .. 79.64887 ] 
===================================================================== 
Interoperability  vs.  NOC ,  Num. methods per interface  
              Estimate Std. Error   z value   Pr(>|z|) 
(Intercept) -1.2769657  0.5250736 -2.431975 0.01501675 
x1           0.8443261  0.3777582  2.235097 0.02541099 
x2           0.2734487  0.1135832  2.407474 0.01606331 
R2log =  0.9128017  
Excluded as outliers:  Eclipse Log4J  ( 2 / 14 ) 
MMRE =  16.93735  
Pred(25) =  78.57143  
Error range = [ -29.80316 .. 73.30486 ] 
===================================================================== 
Interoperability  vs.  NOC ,  avg_files_added_per_year  
                Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -1.233395138 0.4512595445 -2.733228 0.006271694 
x1           0.886416103 0.3782517281  2.343456 0.019106040 
x2           0.001204708 0.0004386329  2.746505 0.006023391 
R2log =  0.883836  
Excluded as outliers:  Eclipse Hibernate JBoss Log4J  ( 4 / 13 ) 
MMRE =  20.63851  
Pred(25) =  61.53846  
Error range = [ -30.20372 .. 69.15352 ] 
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===================================================================== 
Interoperability  vs.  Num. attributes per class ,  
avg_files_rem_per_year  
                Estimate  Std. Error   z value    Pr(>|z|) 
(Intercept) -0.966482675 0.392668022 -2.461323 0.013842584 
x1           0.065639529 0.029437625  2.229783 0.025761822 
x2           0.001794850 0.000635083  2.826166 0.004710879 
R2log =  0.9242188  
Excluded as outliers:  Eclipse Saxon Xalan  ( 3 / 13 ) 
MMRE =  16.10620  
Pred(25) =  61.53846  
Error range = [ -11.97632 .. 50.04999 ] 
===================================================================== 
Interoperability  vs.  Num. attributes per class ,  
avg_number_of_revisions_per_file  
               Estimate Std. Error   z value    Pr(>|z|) 
(Intercept)  0.37416975 0.22485231  1.664069 0.096098649 
x1           0.03165887 0.01425633  2.220688 0.026372087 
x2          -0.09900444 0.03815263 -2.594957 0.009460265 
R2log =  0.9441634  
Excluded as outliers:   ( 0 / 13 ) 
MMRE =  9.34896  
Pred(25) =  92.3077  
Error range = [ -23.23866 .. 36.90387 ] 
===================================================================== 
Interoperability  vs.  Num. packages ,  avg_files_added_per_year  
                 Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept) -0.8735346284 0.3563265128 -2.451501 0.01422620 
x1           0.0101662849 0.0046845465  2.170175 0.02999360 
x2           0.0009092894 0.0003858134  2.356811 0.01843260 
R2log =  0.8964629  
Excluded as outliers:  Eclipse Hibernate Log4J  ( 3 / 13 ) 
MMRE =  24.91969  
Pred(25) =  53.84615  
Error range = [ -31.39552 .. 91.39903 ] 
===================================================================== 
Interoperability  vs.  number_of_developers ,  
avg_number_of_revisions_per_file  
               Estimate Std. Error   z value    Pr(>|z|) 
(Intercept)  0.33871179 0.32333420  1.047559 0.294841634 
x1           0.02557603 0.01261630  2.027222 0.042639732 
x2          -0.10740966 0.04005098 -2.681823 0.007322211 
R2log =  0.9125277  
Excluded as outliers:  JBoss Eclipse  ( 2 / 13 ) 
MMRE =  11.20099  
Pred(25) =  92.3077  
Error range = [ -19.32354 .. 34.55965 ] 
===================================================================== 
Interoperability  vs.  avg_loc_changed_per_year ,  
avg_minor_release_per_year  
                 Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept) -7.255751e-01 2.919291e-01 -2.485450 0.01293879 
x1           1.837159e-05 8.863449e-06  2.072736 0.03819688 
x2           1.196343e-01 4.944316e-02  2.419633 0.01553619 
R2log =  0.880416  
Excluded as outliers:  Eclipse Log4J JBoss Hibernate  ( 4 / 13 ) 
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MMRE =  19.82313  
Pred(25) =  76.92308  
Error range = [ -37.60926 .. 63.93443 ] 
===================================================================== 
Interoperability  vs.  LCOM ,  Num. attributes per class ,  
avg_file_size  
                Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -1.784203149 0.5943773606 -3.001802 0.002683867 
x1          -0.002934514 0.0009850208 -2.979139 0.002890595 
x2           0.280814462 0.0904945997  3.103107 0.001915001 
x3           0.014072216 0.0050155709  2.805706 0.005020652 
R2log =  0.9548116  
Excluded as outliers:  PMD Xalan JBoss Saxon  ( 4 / 13 ) 
MMRE =  23.78304  
Pred(25) =  69.23077  
Error range = [ -97.91362 .. 54.8396 ] 
===================================================================== 
Interoperability  vs.  Comment lines ,  Num. methods per interface ,  
avg_loc_del_per_year  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -1.731700e+00 5.746545e-01 -3.013463 0.002582848 
x1           1.371726e-05 5.271175e-06  2.602316 0.009259661 
x2           3.424600e-01 1.272790e-01  2.690625 0.007131827 
x3           1.400984e-05 5.272336e-06  2.657236 0.007878436 
R2log =  0.9023645  
Excluded as outliers:  Eclipse Log4J Hibernate  ( 3 / 12 ) 
MMRE =  23.1591  
Pred(25) =  75  
Error range = [ -64.09418 .. 94.80483 ] 
===================================================================== 
Interoperability  vs.  eLOC ,  McCabe ,  Num. parameters per method  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept)  1.852608e+00 1.103145e+00  1.679387 0.093076714 
x1          -1.239671e-05 4.009718e-06 -3.091666 0.001990368 
x2           1.750873e+00 5.429769e-01  3.224582 0.001261569 
x3          -5.757139e+00 2.033498e+00 -2.831150 0.004638095 
R2log =  0.9242631  
Excluded as outliers:  Hibernate Eclipse JFreeChart Xalan  ( 4 / 16 ) 
MMRE =  23.44430  
Pred(25) =  68.75  
Error range = [ -89.31794 .. 27.20029 ] 
===================================================================== 
Interoperability  vs.  eLOC ,  Num. methods per interface ,  
avg_loc_del_per_year  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -1.835106e+00 6.097241e-01 -3.009732 0.002614786 
x1           1.585528e-05 6.100226e-06  2.599130 0.009346050 
x2           3.123285e-01 1.209456e-01  2.582388 0.009811921 
x3           1.348695e-05 5.199549e-06  2.593869 0.009490258 
R2log =  0.9027649  
Excluded as outliers:  Eclipse Log4J Hibernate  ( 3 / 12 ) 
MMRE =  23.67843  
Pred(25) =  75  
Error range = [ -66.95667 .. 95.03747 ] 
===================================================================== 
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2.6 Security 

The significant models found for OSS product security are reported below.  

 
================================================================ 
Security  vs.  Num. parameters per method  
              Estimate Std. Error   z value   Pr(>|z|) 
(Intercept) -0.9851316  0.4394675 -2.241648 0.02498410 
x1           1.1150867  0.5064968  2.201567 0.02769589 
R2log =  0.9332337  
Excluded as outliers:   ( 0 / 16 ) 
MMRE =  12.6%  
Pred(25) =  93.75  
Error range = [ -20.41925 .. 21.6 ] 
=============================================================== 

Only one statistically significant correlation involving Security was found. This 
seems to confirm that security is difficult to evaluate on the basis of internal 
characteristics; in particular, measures that indicate a good design are not able 
to support the perception of a good security level. 

The only correlation found says that the applications that are considered more 
secure by users have methods that have been well specified as far as I/O 
parameters are concerned. This is quite credible. 

 

2.7 Performance (in terms of Speed) 

The significant models found for OSS product speed are reported below.  

 
===================================================================== 
Speed  vs.  LCOM  
                Estimate Std. Error     z value   Pr(>|z|) 
(Intercept)  0.009537732 0.14262804  0.06687136 0.94668411 
x1          -0.000395338 0.00019667 -2.01015888 0.04441438 
R2log =  0.9221913  
Excluded as outliers:  Eclipse Hibernate PMD  ( 3 / 16 ) 
MMRE =  18.64037  
Pred(25) =  81.25  
Error range = [ -34.44296 .. 113.2987 ] 
===================================================================== 
Speed  vs.  eLOC  
                 Estimate   Std. Error    z value   Pr(>|z|) 
(Intercept) -4.644805e-02 1.261658e-01 -0.3681509 0.71276072 
x1          -3.292392e-06 1.503309e-06 -2.1900960 0.02851728 
R2log =  0.9209137  
Excluded as outliers:  Eclipse  ( 1 / 16 ) 
MMRE =  15.74848  
Pred(25) =  75  
Error range = [ -26.16792 .. 62.69641 ] 
===================================================================== 
Speed  vs.  Num. intefaces  
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                Estimate  Std. Error    z value   Pr(>|z|) 
(Intercept)  0.100310576 0.159169346  0.6302129 0.52855530 
x1          -0.003023446 0.001381866 -2.1879442 0.02867366 
R2log =  0.9157114  
Excluded as outliers:  Eclipse JBoss Hibernate  ( 3 / 16 ) 
MMRE =  15.57327  
Pred(25) =  87.5  
Error range = [ -43.84856 .. 22.57831 ] 
===================================================================== 
Speed  vs.  Num. public methods  
                 Estimate   Std. Error    z value   Pr(>|z|) 
(Intercept)  8.736932e-02 1.722447e-01  0.5072396 0.61198672 
x1          -3.151493e-05 1.601829e-05 -1.9674346 0.04913313 
R2log =  0.9189843  
Excluded as outliers:  Hibernate Eclipse  ( 2 / 15 ) 
MMRE =  18.48592  
Pred(25) =  86.66667  
Error range = [ -31.41413 .. 83.51267 ] 
===================================================================== 
Speed  vs.  avg_loc_changed_per_year  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -1.967090e-01 1.061988e-01 -1.852272 6.398674e-02 
x1          -8.954855e-06 1.594165e-06 -5.617272 1.939963e-08 
R2log =  0.9443573  
Excluded as outliers:   ( 0 / 13 ) 
MMRE =  9.619438  
Pred(25) =  100  
Error range = [ -20.70618 .. 24.57343 ] 
===================================================================== 
Speed  vs.  avg_major_release_per_year  
              Estimate Std. Error   z value     Pr(>|z|) 
(Intercept) -0.5562534  0.1412891 -3.936987 8.251118e-05 
x1           0.5149317  0.2507610  2.053476 4.002639e-02 
R2log =  0.9229947  
Excluded as outliers:  Eclipse  ( 1 / 13 ) 
MMRE =  13.74866  
Pred(25) =  92.3077  
Error range = [ -14.82389 .. 56.59987 ] 
===================================================================== 
Speed  vs.  ECAtot  
                 Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept) -0.1121920267 1.273292e-01 -0.881118 0.37825397 
x1          -0.0001123617 5.494527e-05 -2.044975 0.04085728 
R2log =  0.915779  
Excluded as outliers:  Eclipse  ( 1 / 14 ) 
MMRE =  16.68673  
Pred(25) =  78.57143  
Error range = [ -25.95910 .. 72.2058 ] 
===================================================================== 
Speed  vs.  ECAcritical  
                Estimate   Std. Error    z value   Pr(>|z|) 
(Intercept) -0.034002061 0.1412762444 -0.2406778 0.80980482 
x1          -0.001257149 0.0005228072 -2.4046133 0.01618959 
R2log =  0.918071  
Excluded as outliers:  Eclipse  ( 1 / 14 ) 
MMRE =  15.62997  
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Pred(25) =  78.57143  
Error range = [ -23.65276 .. 73.51257 ] 
===================================================================== 
Speed  vs.  ECAveryCritical  
                Estimate  Std. Error    z value   Pr(>|z|) 
(Intercept) -0.057662307 0.143083582 -0.4029974 0.68695016 
x1          -0.002091511 0.000973537 -2.1483631 0.03168492 
R2log =  0.9163461  
Excluded as outliers:  Eclipse  ( 1 / 14 ) 
MMRE =  17.2565  
Pred(25) =  78.57143  
Error range = [ -25.17004 .. 82.84554 ] 
===================================================================== 
Speed  vs.  LCOM ,  Num. abstract classes  
                 Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept)  0.2571669343 0.2020958999  1.272500 0.20319570 
x1          -0.0004935335 0.0002169290 -2.275092 0.02290042 
x2          -0.0039756765 0.0015553041 -2.556205 0.01058207 
R2log =  0.929076  
Excluded as outliers:  Eclipse PMD  ( 2 / 15 ) 
MMRE =  17.16227  
Pred(25) =  86.66667  
Error range = [ -38.8406 .. 105.9486 ] 
===================================================================== 
Speed  vs.  Num. abstract classes ,  Num. methods per class  
                Estimate  Std. Error   z value    Pr(>|z|) 
(Intercept)  0.528893345 0.328382974  1.610599 0.107267115 
x1          -0.004130625 0.001594311 -2.590853 0.009573826 
x2          -0.033852840 0.016929267 -1.999664 0.045536589 
R2log =  0.9247591  
Excluded as outliers:  Eclipse  ( 1 / 15 ) 
MMRE =  17.91647  
Pred(25) =  93.33333  
Error range = [ -21.58915 .. 108.9888 ] 
===================================================================== 

 

All the statistically significant correlations found (except one) are characterized 
by negative coefficients, i.e., they indicate the factors that decrease the 
efficiency of the analyzed applications. Among these factors are: 

• Lack of Cohesion 

• Application size 

• The number of interfaces 

• The number of interfaces or public methods per class 

• The quality of the code 

The correlation characterized by the better precision indicates that efficiency is 
most hindered by the modification of large amounts of code. This is quite 
credible: maintenance activities often disrupt the efficiency of programs, 
because maintainers do not have a precise perception of the rationale and 
mechanisms that guarantee the efficiency of the program and that were 
conceived by the original developers. 
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2.8 Usefulness of the product developer community 

 

The significant models found for the usefulness of the OSS product developer 
community are reported below.  

 
=========================================================== 
Community  vs.  Comment lines  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -6.107549e-01 1.592258e-01 -3.835778 0.0001251674 
x1           3.555450e-06 1.580453e-06  2.249640 0.0244717891 
R2log =  0.9441336  
Excluded as outliers:  Struts JBoss  ( 2 / 16 ) 
MMRE =  13.47508  
Pred(25) =  81.25  
Error range = [ -39.84053 .. 33.93528 ] 
=========================================================== 
Community  vs.  eLOC  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -6.064049e-01 1.551502e-01 -3.908503 9.286997e-05 
x1           3.124606e-06 1.362489e-06  2.293307 2.183034e-02 
R2log =  0.944317  
Excluded as outliers:  Struts JBoss  ( 2 / 16 ) 
MMRE =  13.02088  
Pred(25) =  81.25  
Error range = [ -39.68846 .. 34.65983 ] 
=========================================================== 
Community  vs.  NOC  
              Estimate Std. Error   z value    Pr(>|z|) 
(Intercept) -1.0721555  0.3467189 -3.092290 0.001986184 
x1           0.6980704  0.3032436  2.302012 0.021334512 
R2log =  0.9444442  
Excluded as outliers:  Struts JBoss  ( 2 / 16 ) 
MMRE =  13.64843  
Pred(25) =  81.25  
Error range = [ -56.43863 .. 27.32624 ] 
=========================================================== 
Community  vs.  Num. intefaces  
                Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -0.572017292 0.1449517171 -3.946261 7.938112e-05 
x1           0.001291589 0.0005486797  2.353995 1.857287e-02 
R2log =  0.9428153  
Excluded as outliers:  Struts Hibernate  ( 2 / 16 ) 
MMRE =  14.08051  
Pred(25) =  81.25  
Error range = [ -38.31731 .. 38.79392 ] 
=========================================================== 
Community  vs.  avg_minor_release_per_year  
              Estimate Std. Error   z value     Pr(>|z|) 
(Intercept) -0.6651097 0.17917467 -3.712075 0.0002055673 
x1           0.1575647 0.06016305  2.618962 0.0088197758 
R2log =  0.9201169  
Excluded as outliers:  Eclipse PMD  ( 2 / 13 ) 
MMRE =  18.89634  
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Pred(25) =  84.61538  
Error range = [ -24.08803 .. 75.3877 ] 
=========================================================== 
Community  vs.  avg_files_added_per_year  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -0.7539948850 0.1863750661 -4.045578 5.219416e-05 
x1           0.0009194239 0.0003408322  2.697585 6.984438e-03 
R2log =  0.905083  
Excluded as outliers:  Eclipse Hibernate JBoss  ( 3 / 13 ) 
MMRE =  16.63442  
Pred(25) =  84.61538  
Error range = [ -22.59236 .. 41.23304 ] 
=========================================================== 
Community  vs.  avg_files_rem_per_year  
                Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -0.620325331 0.1726199537 -3.593590 0.000326153 
x1           0.001028721 0.0004764248  2.159251 0.030830694 
R2log =  0.9102702  
Excluded as outliers:  Eclipse JBoss  ( 2 / 13 ) 
MMRE =  15.91004  
Pred(25) =  84.61538  
Error range = [ -26.31858 .. 30.09996 ] 
=========================================================== 
Community  vs.  avg_number_of_revisions_per_file  
               Estimate Std. Error   z value   Pr(>|z|) 
(Intercept)  0.22556328 0.21868229  1.031466 0.30232247 
x1          -0.07726632 0.03560442 -2.170133 0.02999678 
R2log =  0.9416892  
Excluded as outliers:   ( 0 / 13 ) 
MMRE =  11.36680  
Pred(25) =  92.3077  
Error range = [ -24.70167 .. 25.28183 ] 
=========================================================== 
Community  vs.  McCabe ,  number_of_developers  
               Estimate Std. Error    z value    Pr(>|z|) 
(Intercept) -0.14068354 0.37999532 -0.3702244 0.711215296 
x1          -0.66074402 0.27967275 -2.3625613 0.018149139 
x2           0.06185318 0.02329124  2.6556411 0.007915781 
R2log =  0.9497033  
Excluded as outliers:  JBoss Saxon JFreeChart  ( 3 / 13 ) 
MMRE =  20.63438  
Pred(25) =  69.23077  
Error range = [ -72.15354 .. 47.90988 ] 
=========================================================== 
Community  vs.  Num. packages ,  avg_minor_release_per_year  
                Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -0.769124159 0.2123371311 -3.622184 0.0002921262 
x1           0.002149763 0.0008957929  2.399844 0.0164020531 
x2           0.158006584 0.0599756092  2.634514 0.0084257822 
R2log =  0.9452808  
Excluded as outliers:  Hibernate PMD  ( 2 / 13 ) 
MMRE =  20.8996  
Pred(25) =  76.92308  
Error range = [ -18.46425 .. 77.69021 ] 
=========================================================== 
Community  vs.  number_of_developers ,  avg_files_rem_per_year  
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                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -0.9083582048 0.2600482183 -3.493038 0.0004775593 
x1           0.0181644658 0.0083008096  2.188276 0.0286494751 
x2           0.0009104597 0.0004575253  1.989966 0.0465946924 
R2log =  0.9188059  
Excluded as outliers:  Eclipse  ( 1 / 13 ) 
MMRE =  11.48175  
Pred(25) =  84.61538  
Error range = [ -18.34736 .. 31.71261 ] 
=========================================================== 

 

Some of the models of the quality of developers communities are quite 
enlightening: the utility of the community appears to be proportional to: 

- The number of comment lines: good communities properly comment the 
code, so that sharing the knowledge about code becomes easier. 

- The product size (in effective LOC): larger products call for organized, 
effective communities. 

- The generalization hierarchy: good communities organize well the code in 
terms of inheritance relations. 

- The number of interfaces: products with many interfaces call for organized, 
effective communities. 

- The amount of process activities (represented by the numbers of minor 
releases per year, files added per year, files removed per year). 

- The maturity of the product (represented by few revisions per file, which 
means also that most file require little or no modifications). 

Another interesting model is the one that indicates that many developers that 
succeed in keeping McCabe’s complexity low form an effective community. 

 

2.9 Documentation Quality   

The significant models found for OSS product documentation are reported 
below.  

 
===================================================================== 
DocQuality  vs.  avg_files_added_per_year  
                Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -0.971990895 0.1950676328 -4.982840 6.265761e-07 
x1           0.001388026 0.0003463704  4.007346 6.140485e-05 
R2log =  0.9039233  
Excluded as outliers:  Eclipse Hibernate Log4J  ( 3 / 13 ) 
MMRE =  26.67465  
Pred(25) =  69.23077  
Error range = [ -28.87373 .. 82.9359 ] 
===================================================================== 
DocQuality  vs.  McCabe ,  avg_files_rem_per_year  
                Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept)  0.906267144 0.5905146323  1.534707 0.124855731 
x1          -0.611268853 0.2616864731 -2.335883 0.019497366 
x2           0.001231225 0.0004604331  2.674059 0.007493935 
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R2log =  0.9213972  
Excluded as outliers:  Eclipse Hibernate HttpUnit  ( 3 / 13 ) 
MMRE =  32.21578  
Pred(25) =  76.92308  
Error range = [ -8.303711 .. 220.5464 ] 
===================================================================== 
DocQuality  vs.  Num. methods ,  avg_major_release_per_year  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -1.827327e+00 5.339879e-01 -3.422039 0.0006215339 
x1           6.858379e-05 2.860584e-05  2.397545 0.0165053457 
x2           7.661133e-01 3.767803e-01  2.033316 0.0420206198 
R2log =  0.9049725  
Excluded as outliers:  Hibernate Struts Log4J Eclipse  ( 4 / 13 ) 
MMRE =  23.72513  
Pred(25) =  61.53846  
Error range = [ -75.2069 .. 74.77335 ] 
===================================================================== 
DocQuality  vs.  Num. methods per interface ,  avg_files_rem_per_year  
                Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -0.355179527 0.1614658018 -2.199720 0.027826779 
x1          -0.411938635 0.1446969637 -2.846906 0.004414641 
x2           0.002390961 0.0008086415  2.956762 0.003108879 
R2log =  0.9505327  
Excluded as outliers:  JBoss Saxon  ( 2 / 12 ) 
MMRE =  21.46283  
Pred(25) =  66.66667  
Error range = [ -64.70189 .. 62.2226 ] 
===================================================================== 
DocQuality  vs.  Num. public methods ,  avg_major_release_per_year  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -1.737036e+00 4.983675e-01 -3.485452 0.0004913072 
x1           7.329941e-05 3.067189e-05  2.389791 0.0168579763 
x2           8.063410e-01 3.833795e-01  2.103245 0.0354443690 
R2log =  0.9045322  
Excluded as outliers:  Eclipse Log4J Hibernate  ( 3 / 12 ) 
MMRE =  19.49775  
Pred(25) =  75  
Error range = [ -40.20908 .. 69.13603 ] 
===================================================================== 
DocQuality  vs.  RFC ,  avg_major_release_per_year  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -1.864070e+00 5.414701e-01 -3.442610 0.0005761305 
x1           3.737690e-05 1.534821e-05  2.435262 0.0148810235 
x2           8.660546e-01 3.955164e-01  2.189681 0.0285473916 
R2log =  0.9055634  
Excluded as outliers:  Hibernate Struts Eclipse Log4J  ( 4 / 13 ) 
MMRE =  23.37525  
Pred(25) =  61.53846  
Error range = [ -75.44821 .. 73.81566 ] 
===================================================================== 
DocQuality  vs.  avg_loc_del_per_year ,  
avg_number_of_revisions_per_file  
                 Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept)  5.977328e-01 3.610768e-01  1.655417 0.09783987 
x1          -2.833119e-06 1.260732e-06 -2.247201 0.02462718 
x2          -1.006794e-01 4.749546e-02 -2.119769 0.03402555 
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R2log =  0.9451484  
Excluded as outliers:  JBoss HttpUnit  ( 2 / 13 ) 
MMRE =  20.71966  
Pred(25) =  69.23077  
Error range = [ -25.95749 .. 133.3430 ] 
===================================================================== 
DocQuality  vs.  avg_files_rem_per_year ,  DistinctLicenses  
                Estimate Std. Error    z value     Pr(>|z|) 
(Intercept) -0.159241499 0.23813028 -0.6687159 0.5036767378 
x1           0.002193904 0.00058773  3.7328443 0.0001893296 
x2          -0.292768856 0.10818060 -2.7062971 0.0068038148 
R2log =  0.914773  
Excluded as outliers:  Eclipse PMD JBoss  ( 3 / 13 ) 
MMRE =  25.71771  
Pred(25) =  69.23077  
Error range = [ -25.88590 .. 110.0218 ] 
===================================================================== 
DocQuality  vs.  avg_files_rem_per_year ,  GlobalConflits  
                Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -0.545872893 0.1464844531 -3.726490 0.0001941645 
x1           0.001857884 0.0005258968  3.532792 0.0004111957 
x2          -0.172469898 0.0750569425 -2.297854 0.0215700986 
R2log =  0.9173308  
Excluded as outliers:  Eclipse PMD  ( 2 / 13 ) 
MMRE =  25.41794  
Pred(25) =  69.23077  
Error range = [ -25.9635 .. 139.1082 ] 
===================================================================== 
DocQuality  vs.  avg_number_of_revisions_per_file ,  
ReferenceConflicts  
               Estimate  Std. Error   z value   Pr(>|z|) 
(Intercept)  0.55637478 0.324682476  1.713597 0.08660284 
x1          -0.09315608 0.044485565 -2.094074 0.03625336 
x2          -0.01305393 0.006491948 -2.010788 0.04434784 
R2log =  0.9162061  
Excluded as outliers:  Eclipse HttpUnit JBoss  ( 3 / 13 ) 
MMRE =  21.80449  
Pred(25) =  76.92308  
Error range = [ -24.17132 .. 140.8625 ] 
===================================================================== 
DocQuality  vs.  avg_number_of_revisions_per_file ,  
UncertainLicensedFiles  
                Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.701472700 0.5161775062  3.296294 0.0009796951 
x1          -0.271129653 0.0718459870 -3.773762 0.0001608042 
x2          -0.001117045 0.0004104269 -2.721667 0.0064953621 
R2log =  0.916066  
Excluded as outliers:  Eclipse Hibernate Findbugs  ( 3 / 13 ) 
MMRE =  21.51298  
Pred(25) =  76.92308  
Error range = [ -61.86057 .. 41.89651 ] 
===================================================================== 
DocQuality  vs.  LCOM ,  number_of_commits ,  
avg_number_of_revisions_per_file  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.8904641341 0.5089468024  3.714463 2.036356e-04 
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x1          -0.0013645103 0.0004219224 -3.234031 1.220561e-03 
x2           0.0003436489 0.0001048866  3.276386 1.051449e-03 
x3          -0.3240773825 0.0791537252 -4.094278 4.234853e-05 
R2log =  0.9251528  
Excluded as outliers:  Eclipse JFreeChart Hibernate  ( 3 / 13 ) 
MMRE =  19.55496  
Pred(25) =  76.92308  
Error range = [ -76.65345 .. 78.69672 ] 
===================================================================== 
DocQuality  vs.  McCabe ,  number_of_developers ,  
avg_major_release_per_year  
               Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  0.34058074 0.41768084  0.815409 0.4148381954 
x1          -1.34911047 0.37827426 -3.566488 0.0003617978 
x2           0.09196995 0.02701623  3.404248 0.0006634657 
x3           1.14739506 0.32913651  3.486077 0.0004901607 
R2log =  0.9498544  
Excluded as outliers:  JBoss Saxon JFreeChart  ( 3 / 13 ) 
MMRE =  30.86441  
Pred(25) =  61.53846  
Error range = [ -91.5906 .. 123.7628 ] 
===================================================================== 
DocQuality  vs.  Num. attributes per class ,  avg_loc_changed_per_year 
,  avg_files_added_per_year  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -1.4755552372 3.641790e-01 -4.051731 5.084012e-05 
x1           0.0681825224 2.277817e-02  2.993327 2.759539e-03 
x2          -0.0000245755 7.263675e-06 -3.383342 7.160931e-04 
x3           0.0015591900 3.853879e-04  4.045768 5.215182e-05 
R2log =  0.9221577  
Excluded as outliers:  Eclipse  ( 1 / 13 ) 
MMRE =  15.97876  
Pred(25) =  76.92308  
Error range = [ -55.66203 .. 43.04478 ] 
===================================================================== 
DocQuality  vs.  number_of_commits ,  avg_file_size ,  
avg_number_of_revisions_per_file  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -0.9620604834 0.3931890634 -2.446814 0.014412522 
x1          -0.0005881969 0.0001920358 -3.062955 0.002191633 
x2          -0.0066717596 0.0022714775 -2.937189 0.003312017 
x3           0.4652761030 0.1682858065  2.764797 0.005695822 
R2log =  0.9520892  
Excluded as outliers:  HttpUnit PMD  ( 2 / 13 ) 
MMRE =  52.9687  
Pred(25) =  84.61538  
Error range = [ -68.04876 .. 538.0575 ] 
===================================================================== 

 

Some of the models reported above indicate a quite understandable influence 
of process and product attributes on the documentation quality. For instance, 
the model that involves McCabe’s complexity and the number of files removed 
per year says that documentation is generally better is products are simpler and 
they are further simplified by removing files (which is very easy to believe!). 
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2.10 Trustworthiness with respect to non Open Source (closed source) 
products 

The significant models found for trustworthiness of OSS products with respect 
to closed-source competitors are reported below.  

 
===================================================================== 
CssCompetitors  vs.  Num. methods per interface  
               Estimate Std. Error     z value   Pr(>|z|) 
(Intercept) -0.01937423  0.2880372 -0.06726294 0.94637238 
x1           0.32132320  0.1616961  1.98720386 0.04689981 
R2log =  0.8845989  
Excluded as outliers:  Ant Log4J Eclipse JBoss  ( 4 / 14 ) 
MMRE =  13.21328  
Pred(25) =  92.85714  
Error range = [ -23.82053 .. 27.60377 ] 
===================================================================== 
CssCompetitors  vs.  Num. public methods  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.455624e+00 3.080639e-01  4.725071 2.300346e-06 
x1          -6.631991e-05 2.552896e-05 -2.597830 9.381483e-03 
R2log =  0.940286  
Excluded as outliers:  Hibernate HttpUnit Log4J Saxon  ( 4 / 15 ) 
MMRE =  17.98912  
Pred(25) =  73.33333  
Error range = [ -57.06001 .. 56.36143 ] 
===================================================================== 
CssCompetitors  vs.  avg_loc_added_per_year  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  7.099362e-01 1.386742e-01  5.119455 3.064204e-07 
x1          -1.078314e-05 5.188498e-06 -2.078278 3.768377e-02 
R2log =  0.909512  
Excluded as outliers:  Eclipse Hibernate PMD  ( 3 / 13 ) 
MMRE =  21.55156  
Pred(25) =  69.23077  
Error range = [ -85.30261 .. 31.53923 ] 
===================================================================== 
CssCompetitors  vs.  eLOC per class ,  Num. interfaces per class  
               Estimate  Std. Error    z value    Pr(>|z|) 
(Intercept)  0.32393462 0.422340469  0.7669988 0.443082250 
x1           0.02029101 0.008203071  2.4735875 0.013376404 
x2          -2.47936110 0.763618664 -3.2468576 0.001166867 
R2log =  0.9431205  
Excluded as outliers:  JFreeChart Struts  ( 2 / 16 ) 
MMRE =  11.17303  
Pred(25) =  87.5  
Error range = [ -67.74832 .. 20.91101 ] 
===================================================================== 
CssCompetitors  vs.  eLOC ,  Num. attributes per class  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.868297e+00 4.352697e-01  4.292275 1.768518e-05 
x1          -5.424478e-06 2.162070e-06 -2.508928 1.210982e-02 
x2          -8.477650e-02 3.129539e-02 -2.708914 6.750387e-03 
R2log =  0.9436018  
Excluded as outliers:  Xalan Struts HttpUnit  ( 3 / 16 ) 
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MMRE =  17.53337  
Pred(25) =  81.25  
Error range = [ -79.55742 .. 62.16023 ] 
===================================================================== 
CssCompetitors  vs.  Num. abstract classes ,  avg_loc_changed_per_year  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  5.229616e-01 1.506087e-01  3.472319 0.0005159834 
x1           1.011691e-02 4.843799e-03  2.088631 0.0367409083 
x2          -3.953368e-05 1.747116e-05 -2.262796 0.0236482701 
R2log =  0.9162679  
Excluded as outliers:  Eclipse Xalan  ( 2 / 12 ) 
MMRE =  21.25506  
Pred(25) =  75  
Error range = [ -93.25162 .. 34.44312 ] 
===================================================================== 
CssCompetitors  vs.  Num. attributes per class ,  Num. interfaces per 
class  
              Estimate Std. Error   z value   Pr(>|z|) 
(Intercept)  0.8268770 0.31288172  2.642778 0.00822289 
x1           0.0922271 0.04592669  2.008137 0.04462869 
x2          -1.8489955 0.81092630 -2.280103 0.02260158 
R2log =  0.9136195  
Excluded as outliers:  JFreeChart JMeter Xalan Log4J Eclipse  ( 5 / 16 
) 
MMRE =  17.39607  
Pred(25) =  75  
Error range = [ -65.57258 .. 54.55013 ] 
===================================================================== 
CssCompetitors  vs.  Num. attributes per class ,  Num. public methods  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.721397e+00 3.782676e-01  4.550739 5.345785e-06 
x1          -7.398270e-02 2.913191e-02 -2.539576 1.109870e-02 
x2          -2.274836e-05 9.381677e-06 -2.424765 1.531829e-02 
R2log =  0.9203068  
Excluded as outliers:  Xalan Eclipse HttpUnit  ( 3 / 15 ) 
MMRE =  15.33009  
Pred(25) =  86.66667  
Error range = [ -67.42814 .. 59.25337 ] 
===================================================================== 
CssCompetitors  vs.  avg_loc_del_per_year ,  avg_files_added_per_year  
                 Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept)  3.691809e-01 1.596831e-01  2.311960 0.02077991 
x1          -8.480383e-06 3.593819e-06 -2.359714 0.01828904 
x2           1.092654e-03 4.454859e-04  2.452724 0.01417790 
R2log =  0.943119  
Excluded as outliers:  Struts  ( 1 / 13 ) 
MMRE =  9.655532  
Pred(25) =  92.3077  
Error range = [ -13.12781 .. 37.83713 ] 
===================================================================== 
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2.11 Trustworthiness with respect to Open Source products 

The significant models found for trustworthiness of OSS products with respect 
to other open source competitors are reported below.  

 
===================================================================== 
OssCompetitors  vs.  NOC  
             Estimate Std. Error   z value   Pr(>|z|) 
(Intercept) 0.1353703  0.2558067 0.5291897 0.59667386 
x1          0.5464770  0.2676106 2.0420602 0.04114556 
R2log =  0.9137373  
Excluded as outliers:  Struts Eclipse  ( 2 / 16 ) 
MMRE =  10.63992  
Pred(25) =  87.5  
Error range = [ -27.67993 .. 39.60142 ] 
===================================================================== 
OssCompetitors  vs.  avg_files_added_per_year  
                Estimate   Std. Error  z value   Pr(>|z|) 
(Intercept) 0.2986039291 0.1724483862 1.731555 0.08335276 
x1          0.0007219583 0.0003586082 2.013223 0.04409116 
R2log =  0.9075203  
Excluded as outliers:  Eclipse Hibernate  ( 2 / 13 ) 
MMRE =  11.56205  
Pred(25) =  92.3077  
Error range = [ -16.56029 .. 31.39113 ] 
===================================================================== 
OssCompetitors  vs.  avg_files_rem_per_year  
                Estimate   Std. Error  z value   Pr(>|z|) 
(Intercept) 0.3667191884 0.1449333573 2.530261 0.01139778 
x1          0.0008974991 0.0004468773 2.008379 0.04460300 
R2log =  0.915074  
Excluded as outliers:  Eclipse  ( 1 / 13 ) 
MMRE =  9.65309  
Pred(25) =  92.3077  
Error range = [ -15.99937 .. 34.36061 ] 
===================================================================== 
OssCompetitors  vs.  Comment lines per class ,  
avg_files_added_per_year  
                 Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept) -0.3065353449 0.3412067533 -0.898386 0.36897984 
x1           0.0134078953 0.0065998498  2.031546 0.04219969 
x2           0.0009208207 0.0003732333  2.467145 0.01361951 
R2log =  0.9174157  
Excluded as outliers:  Eclipse JFreeChart Hibernate  ( 3 / 13 ) 
MMRE =  10.50353  
Pred(25) =  84.61538  
Error range = [ -7.918586 .. 32.89196 ] 
===================================================================== 
OssCompetitors  vs.  eLOC per class ,  Num. interfaces per class  
               Estimate  Std. Error    z value   Pr(>|z|) 
(Intercept)  0.07551386 0.414313541  0.1822626 0.85537665 
x1           0.01848722 0.007910356  2.3370903 0.01943449 
x2          -1.73133253 0.726189317 -2.3841339 0.01711937 
R2log =  0.9420207  
Excluded as outliers:  Struts JFreeChart  ( 2 / 16 ) 
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MMRE =  11.70374  
Pred(25) =  81.25  
Error range = [ -47.90818 .. 33.19902 ] 
===================================================================== 
OssCompetitors  vs.  eLOC per class ,  avg_major_release_per_year  
               Estimate  Std. Error   z value   Pr(>|z|) 
(Intercept) -0.82150137 0.602505873 -1.363474 0.17273303 
x1           0.02143296 0.009085452  2.359041 0.01832221 
x2          -1.98986228 1.005809803 -1.978368 0.04788717 
R2log =  0.946567  
Excluded as outliers:  Struts Log4J PMD JBoss  ( 4 / 13 ) 
MMRE =  21.87424  
Pred(25) =  69.23077  
Error range = [ -76.65577 .. 12.6339 ] 
===================================================================== 
OssCompetitors  vs.  eLOC per class ,  avg_minor_release_per_year  
               Estimate  Std. Error   z value    Pr(>|z|) 
(Intercept) -0.83269504 0.586398029 -1.420017 0.155602796 
x1           0.02225704 0.008625197  2.580467 0.009866678 
x2          -0.16151870 0.077885689 -2.073792 0.038098651 
R2log =  0.9517325  
Excluded as outliers:  Struts PMD Hibernate JFreeChart  ( 4 / 13 ) 
MMRE =  18.05857  
Pred(25) =  76.92308  
Error range = [ -67.5641 .. 35.07406 ] 
===================================================================== 
OssCompetitors  vs.  avg_loc_del_per_year ,  avg_files_added_per_year  
                 Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept)  3.742391e-01 1.482118e-01  2.525028 0.01156890 
x1          -5.063380e-06 2.493110e-06 -2.030949 0.04226020 
x2           7.147071e-04 3.155361e-04  2.265056 0.02350922 
R2log =  0.9422954  
Excluded as outliers:   ( 0 / 13 ) 
MMRE =  7.04258  
Pred(25) =  92.3077  
Error range = [ -14.46197 .. 35.19925 ] 
===================================================================== 
OssCompetitors  vs.  avg_file_size ,  LicensedFiles  
                Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  0.662479443 0.1848145237  3.584564 0.0003376421 
x1           0.006671308 0.0033874786  1.969402 0.0489069013 
x2          -0.001005512 0.0004765122 -2.110150 0.0348454532 
R2log =  0.9013024  
Excluded as outliers:  Eclipse JBoss Hibernate JFreeChart  ( 4 / 13 ) 
MMRE =  18.29131  
Pred(25) =  69.23077  
Error range = [ -50.37394 .. 43.59771 ] 
===================================================================== 

 

2.12 Trustworthiness   

The significant models found for OSS product trustworthiness are reported 
below. 
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===================================================================== 
Trustworthiness  vs.  LCOM  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  0.9449059604 0.1558679970  6.062219 1.342561e-09 
x1          -0.0004187303 0.0001849532 -2.263981 2.357531e-02 
R2log =  0.9118105  
Excluded as outliers:  Eclipse HttpUnit Hibernate  ( 3 / 16 ) 
MMRE =  14.69376  
Pred(25) =  93.75  
Error range = [ -19.97479 .. 67.77752 ] 
===================================================================== 
Trustworthiness  vs.  Num. intefaces  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  0.8362203859 0.1284887587  6.508121 7.609663e-11 
x1          -0.0009178223 0.0004346276 -2.111744 3.470841e-02 
R2log =  0.9401851  
Excluded as outliers:  HttpUnit  ( 1 / 16 ) 
MMRE =  13.95487  
Pred(25) =  87.5  
Error range = [ -20.14775 .. 62.92066 ] 
===================================================================== 
Trustworthiness  vs.  Num. methods  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.020510e+00 1.797032e-01  5.678864 1.355922e-08 
x1          -3.341328e-05 1.336678e-05 -2.499725 1.242898e-02 
R2log =  0.943928  
Excluded as outliers:  Hibernate HttpUnit Saxon  ( 3 / 16 ) 
MMRE =  15.78368  
Pred(25) =  81.25  
Error range = [ -34.05307 .. 68.48912 ] 
===================================================================== 
Trustworthiness  vs.  Num. public methods  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.050003e+00 2.030121e-01  5.172122 2.314510e-07 
x1          -4.291938e-05 1.789357e-05 -2.398592 1.645823e-02 
R2log =  0.9450356  
Excluded as outliers:  Hibernate HttpUnit Saxon  ( 3 / 15 ) 
MMRE =  17.58695  
Pred(25) =  80  
Error range = [ -39.23571 .. 69.6777 ] 
===================================================================== 
Trustworthiness  vs.  RFC  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  9.959094e-01 1.757217e-01  5.667537 1.448650e-08 
x1          -1.786360e-05 7.417221e-06 -2.408395 1.602285e-02 
R2log =  0.9434857  
Excluded as outliers:  Hibernate HttpUnit Saxon  ( 3 / 16 ) 
MMRE =  15.74339  
Pred(25) =  81.25  
Error range = [ -34.22964 .. 67.20574 ] 
===================================================================== 
Trustworthiness  vs.  avg_minor_release_per_year  
              Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  0.8336724 0.21092029  3.952547 7.732358e-05 
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x1          -0.1709522 0.08621789 -1.982793 4.739058e-02 
R2log =  0.9199122  
Excluded as outliers:  Struts PMD Eclipse  ( 3 / 13 ) 
MMRE =  16.02546  
Pred(25) =  76.92308  
Error range = [ -58.04918 .. 42.83300 ] 
===================================================================== 
Trustworthiness  vs.  avg_files_added_per_year  
                Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept) 0.0733039428 0.1853673583 0.3954523 0.69250914 
x1          0.0008035347 0.0003490147 2.3022949 0.02131855 
R2log =  0.9050056  
Excluded as outliers:  Log4J Eclipse Hibernate  ( 3 / 13 ) 
MMRE =  12.44518  
Pred(25) =  92.3077  
Error range = [ -18.3153 .. 26.35232 ] 
===================================================================== 
Trustworthiness  vs.  ECAcritical  
                Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.006571364 0.1811053039  5.557934 2.729862e-08 
x1          -0.002302134 0.0008695641 -2.647458 8.109947e-03 
R2log =  0.9108075  
Excluded as outliers:  HttpUnit Hibernate Eclipse  ( 3 / 14 ) 
MMRE =  14.2219  
Pred(25) =  85.71429  
Error range = [ -26.01005 .. 69.84993 ] 
===================================================================== 
Trustworthiness  vs.  ECAveryCritical  
                Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  1.053430796 0.192135040  5.482763 4.187350e-08 
x1          -0.004465151 0.001700510 -2.625772 8.645262e-03 
R2log =  0.9431824  
Excluded as outliers:  Hibernate HttpUnit  ( 2 / 14 ) 
MMRE =  14.09593  
Pred(25) =  85.71429  
Error range = [ -27.42494 .. 72.16417 ] 
===================================================================== 
Trustworthiness  vs.  LCOM ,  eLOC  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.035289e+00 1.852369e-01  5.589000 2.283810e-08 
x1          -3.524124e-04 1.628406e-04 -2.164156 3.045236e-02 
x2          -3.009276e-06 1.390154e-06 -2.164707 3.041014e-02 
R2log =  0.9418732  
Excluded as outliers:  HttpUnit  ( 1 / 16 ) 
MMRE =  11.76897  
Pred(25) =  93.75  
Error range = [ -23.73681 .. 70.55883 ] 
===================================================================== 
Trustworthiness  vs.  eLOC per class ,  Num. interfaces per class  
               Estimate  Std. Error    z value    Pr(>|z|) 
(Intercept) -0.08170932 0.489735200 -0.1668439 0.867492901 
x1           0.02197466 0.009287465  2.3660560 0.017978725 
x2          -1.99998553 0.712936259 -2.8052796 0.005027295 
R2log =  0.9420866  
Excluded as outliers:  JFreeChart Struts Xerces  ( 3 / 16 ) 
MMRE =  17.53712  
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Pred(25) =  68.75  
Error range = [ -52.10994 .. 33.56057 ] 
===================================================================== 
Trustworthiness  vs.  eLOC per class ,  number_of_developers  
               Estimate Std. Error   z value    Pr(>|z|) 
(Intercept)  2.54953810 0.88622430  2.876854 0.004016611 
x1          -0.01528943 0.00778192 -1.964738 0.049444620 
x2          -0.04821620 0.02186049 -2.205632 0.027409747 
R2log =  0.9519285  
Excluded as outliers:  HttpUnit JBoss Xerces Hibernate  ( 4 / 13 ) 
MMRE =  19.06270  
Pred(25) =  76.92308  
Error range = [ -44.01146 .. 99.52835 ] 
===================================================================== 
Trustworthiness  vs.  Num. attributes per class ,  Num. intefaces  
                Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  1.126611075 0.197336499  5.709086 1.135844e-08 
x1          -0.025715879 0.012991747 -1.979401 4.777086e-02 
x2          -0.001225818 0.000465498 -2.633347 8.454787e-03 
R2log =  0.9433258  
Excluded as outliers:  HttpUnit  ( 1 / 16 ) 
MMRE =  12.60557  
Pred(25) =  93.75  
Error range = [ -20.08801 .. 71.42751 ] 
===================================================================== 
Trustworthiness  vs.  Num. attributes per class ,  
avg_files_rem_per_year  
                Estimate   Std. Error    z value   Pr(>|z|) 
(Intercept) -0.298652171 0.3409122878 -0.8760382 0.38100929 
x1           0.061186256 0.0286748731  2.1337934 0.03285969 
x2           0.001077984 0.0004794049  2.2485876 0.02453874 
R2log =  0.9269831  
Excluded as outliers:  Xalan Eclipse JMeter  ( 3 / 13 ) 
MMRE =  13.35098  
Pred(25) =  84.61538  
Error range = [ -12.79747 .. 61.22068 ] 
===================================================================== 
Trustworthiness  vs.  Num. intefaces ,  
avg_number_of_revisions_per_file  
                Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.847074680 0.4334035749  4.261789 2.027967e-05 
x1          -0.001410845 0.0005997616 -2.352344 1.865553e-02 
x2          -0.170094011 0.0543869838 -3.127476 1.763139e-03 
R2log =  0.9508081  
Excluded as outliers:  Findbugs  ( 1 / 13 ) 
MMRE =  8.832315  
Pred(25) =  92.3077  
Error range = [ -48.9806 .. 15.42577 ] 
===================================================================== 
Trustworthiness  vs.  avg_loc_del_per_year ,  
avg_number_of_revisions_per_file  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.879856e+00 4.385666e-01  4.286363 1.816225e-05 
x1          -5.371639e-06 2.157395e-06 -2.489873 1.277888e-02 
x2          -1.793606e-01 5.659590e-02 -3.169145 1.528882e-03 
R2log =  0.9259456  
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Excluded as outliers:  Eclipse Findbugs JBoss  ( 3 / 13 ) 
MMRE =  9.319058  
Pred(25) =  92.3077  
Error range = [ -43.95124 .. 23.7274 ] 
===================================================================== 
Trustworthiness  vs.  avg_minor_release_per_year ,  
avg_files_added_per_year  
               Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept)  0.43508645 0.1874418039  2.321182 0.020277050 
x1          -0.18035777 0.0779748736 -2.313024 0.020721310 
x2           0.00141138 0.0004683939  3.013234 0.002584799 
R2log =  0.9207203  
Excluded as outliers:  Eclipse Hibernate PMD  ( 3 / 13 ) 
MMRE =  14.97507  
Pred(25) =  76.92308  
Error range = [ -36.13875 .. 44.93085 ] 
===================================================================== 
Trustworthiness  vs.  avg_minor_release_per_year ,  
avg_files_rem_per_year  
               Estimate  Std. Error   z value    Pr(>|z|) 
(Intercept)  0.44920182 0.155388946  2.890822 0.003842354 
x1          -0.15366367 0.062602885 -2.454578 0.014105002 
x2           0.00255197 0.000909821  2.804914 0.005032995 
R2log =  0.9227616  
Excluded as outliers:  Eclipse Hibernate Saxon  ( 3 / 13 ) 
MMRE =  11.63267  
Pred(25) =  92.3077  
Error range = [ -6.907151 .. 41.66466 ] 
===================================================================== 
Trustworthiness  vs.  avg_number_of_revisions_per_file ,  
ECAveryCritical  
                Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  2.064511031 0.470046005  4.392147 1.122369e-05 
x1          -0.186129523 0.056968375 -3.267243 1.086004e-03 
x2          -0.004765708 0.002111050 -2.257506 2.397646e-02 
R2log =  0.9535993  
Excluded as outliers:  Findbugs Xerces Hibernate  ( 3 / 13 ) 
MMRE =  10.97284  
Pred(25) =  84.61538  
Error range = [ -45.2087 .. 7.735594 ] 
===================================================================== 
Trustworthiness  vs.  Comment lines ,  Num. attributes per class ,  
Num. interfaces per class  
                 Estimate   Std. Error     z value    Pr(>|z|) 
(Intercept)  3.364647e-02 3.588361e-01  0.09376558 0.925295376 
x1           1.017502e-05 3.578772e-06  2.84315914 0.004466876 
x2           1.307563e-01 4.294309e-02  3.04487320 0.002327784 
x3          -2.877423e+00 8.840822e-01 -3.25470085 0.001135119 
R2log =  0.9328287  
Excluded as outliers:  JFreeChart Xalan Struts Checkstyle Eclipse  ( 5 
/ 16 ) 
MMRE =  19.78407  
Pred(25) =  75  
Error range = [ -89.08603 .. 80.86492 ] 
===================================================================== 
Trustworthiness  vs.  eLOC per class ,  Num. interfaces per class ,  
Num. parameters per method  
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               Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  4.64758929 1.44738420  3.211027 0.0013226166 
x1           0.04575355 0.01348791  3.392189 0.0006933665 
x2          -5.31343849 1.45810400 -3.644074 0.0002683565 
x3          -5.50426165 1.76048160 -3.126566 0.0017686089 
R2log =  0.9224535  
Excluded as outliers:  JFreeChart Struts Eclipse Ant Findbugs  ( 5 / 
16 ) 
MMRE =  21.82098  
Pred(25) =  75  
Error range = [ -99.73646 .. 27.61901 ] 
===================================================================== 
Trustworthiness  vs.  McCabe ,  Num. classes ,  Num. parameters per 
method  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  4.0479654687 1.2227291309  3.310599 0.0009309661 
x1           1.7051097710 0.5560074627  3.066703 0.0021643377 
x2          -0.0008548898 0.0002706781 -3.158327 0.0015867758 
x3          -7.2109771241 2.3530808392 -3.064483 0.0021804629 
R2log =  0.944457  
Excluded as outliers:  Hibernate JFreeChart Findbugs Xalan  ( 4 / 16 ) 
MMRE =  27.57755  
Pred(25) =  68.75  
Error range = [ -96.38393 .. 33.76057 ] 
===================================================================== 
Trustworthiness  vs.  NOC ,  Num. attributes per class ,  Num. 
interfaces per class  
              Estimate Std. Error    z value    Pr(>|z|) 
(Intercept) -0.4316035 0.53335075 -0.8092302 0.418382775 
x1           0.9376168 0.33215971  2.8227890 0.004760790 
x2           0.1451749 0.05628061  2.5794834 0.009894821 
x3          -2.1505817 0.82116578 -2.6189373 0.008820417 
R2log =  0.9474125  
Excluded as outliers:  JFreeChart Xalan Struts JMeter Log4J  ( 5 / 16 
) 
MMRE =  24.68306  
Pred(25) =  75  
Error range = [ -80.56896 .. 81.16524 ] 
===================================================================== 

Univariate regressions tend to suggest that the trustworthiness of OSS products 
decreases with the amount of functionality provided, expressed in terms of 
number of methods, public methods or interfaces. Moreover, trustworthiness 
appears correlated to: 

- Traditionally accepted indicators of object-oriented design quality, like the 
cohesion of classes and the response for classes. 

- The quality of code (expressed in terms of violations of ECA rules). 
- The stability of the application (expressed in terms of minor releases per 

year). 
- The “liveness” of development (expressed in terms of files added per year). 

Other interesting models are those that show that a high level of  
Trustworthiness can be found for products that are well commented (many 
comment lines) and characterized by classes that have few interfaces (num. 
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interfaces per class) and are either rich in data (num. attributes per class),  or 
poor in the number of parameters per method. 

The trustworthiness vs. Number of very critical ECA rules violated is illustrated 
in Figure 5. It is fairly precise (MMRE=14.1%). The boxplot of relative residuals 
is reported in Figure 6. 

 

Figure 5. Trustworthiness vs. Number of very critical ECA rules violated: 
regression line 
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Figure 6. Trustworthiness vs. Number of very critical ECA rules violated: boxplot 
of relative residuals 
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3 ANALYSIS OF JAVA AND C++ PROGRAM QUALITIES VS. OO 

CHARACTERISTICS 

3.1 Reliability 
 
===================================================================== 
Reliability  vs.  DIT  
            Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  9.19445   2.344761  3.921274 0.0000880822 
x1          -7.82697   2.083891 -3.755940 0.0001726920 
R2log =  0.9026896  
Excluded as outliers:  Eclipse Perl Subversion Mono SpringFramework 
Ant  ( 6 / 19 ) 
MMRE =  27.25935  
Pred(25) =  73.68421  
Error range = [ -39.08723 .. 174.9719 ] 
===================================================================== 
Reliability  vs.  NOA_tot  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  8.809868e-01 1.423359e-01  6.189493 6.035795e-10 
x1          -9.879488e-05 2.977698e-05 -3.317827 9.072052e-04 
R2log =  0.9304286  
Excluded as outliers:  Eclipse Xalan Hibernate HttpUnit Weka  ( 5 / 19 
) 
MMRE =  26.04594  
Pred(25) =  57.89474  
Error range = [ -78.8904 .. 107.5351 ] 
===================================================================== 
Reliability  vs.  NOA_class  
              Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  1.2419884 0.37056837  3.351577 0.0008035272 
x1          -0.1942622 0.08040306 -2.416105 0.0156875426 
R2log =  0.91724  
Excluded as outliers:  Eclipse Xalan HttpUnit Hibernate Perl Log4J  ( 
6 / 19 ) 
MMRE =  24.90891  
Pred(25) =  68.42105  
Error range = [ -84.67373 .. 104.3178 ] 
===================================================================== 
Reliability  vs.  RFC  
               Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  1.17033925 0.27082217  4.321431 1.550207e-05 
x1          -0.04039102 0.01314747 -3.072151 2.125222e-03 
R2log =  0.9024962  
Excluded as outliers:  Eclipse Subversion Perl  ( 3 / 19 ) 
MMRE =  19.87898  
Pred(25) =  68.42105  
Error range = [ -56.65978 .. 72.59991 ] 
===================================================================== 
Reliability  vs.  CBO ,  num_classes  
                Estimate   Std. Error    z value     Pr(>|z|) 
(Intercept)  0.237554451 0.2606914759  0.9112475 0.3621649908 
x1           0.321682746 0.1100670322  2.9226076 0.0034711366 
x2          -0.001218032 0.0003303407 -3.6871982 0.0002267368 
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R2log =  0.9314047  
Excluded as outliers:  Eclipse Hibernate HttpUnit Perl Findbugs Weka  
( 6 / 19 ) 
MMRE =  30.66281  
Pred(25) =  68.42105  
Error range = [ -94.9565 .. 129.7319 ] 
===================================================================== 
Reliability  vs.  DIT ,  eLOC  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  2.340813e+00 4.434177e-01  5.279024 1.298738e-07 
x1          -1.343693e+00 3.275368e-01 -4.102418 4.088552e-05 
x2          -7.392357e-06 1.744161e-06 -4.238345 2.251732e-05 
R2log =  0.9358413  
Excluded as outliers:  Eclipse Hibernate HttpUnit Weka  ( 4 / 19 ) 
MMRE =  17.57742  
Pred(25) =  78.94737  
Error range = [ -54.47255 .. 100.5708 ] 
===================================================================== 
Reliability  vs.  LOC_class ,  eLOC  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept)  3.774267e-01 1.158948e-01  3.256633 0.001127420 
x1           3.007856e-03 9.790248e-04  3.072298 0.002124173 
x2          -3.418872e-06 1.191270e-06 -2.869939 0.004105504 
R2log =  0.917524  
Excluded as outliers:  Eclipse Hibernate  ( 2 / 19 ) 
MMRE =  17.70880  
Pred(25) =  73.68421  
Error range = [ -33.60404 .. 84.76623 ] 
===================================================================== 
Reliability  vs.  NOC_avg ,  NOM_class  
              Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  0.9666834 0.36137575  2.675009 0.0074727220 
x1           1.0638592 0.30085597  3.536108 0.0004060686 
x2          -0.1387368 0.04285427 -3.237408 0.0012062063 
R2log =  0.8897471  
Excluded as outliers:  Eclipse Perl Subversion Ant Hibernate  ( 5 / 19 
) 
MMRE =  22.92329  
Pred(25) =  68.42105  
Error range = [ -56.94354 .. 65.9153 ] 
===================================================================== 
Reliability  vs.  NOC_avg ,  RFC  
               Estimate Std. Error   z value    Pr(>|z|) 
(Intercept)  1.10921501 0.37821376  2.932773 0.003359497 
x1           0.89946052 0.32153965  2.797355 0.005152291 
x2          -0.06924565 0.02138604 -3.237890 0.001204172 
R2log =  0.8927042  
Excluded as outliers:  Eclipse Perl Subversion Mono Ant Hibernate  ( 6 
/ 19 ) 
MMRE =  27.72827  
Pred(25) =  68.42105  
Error range = [ -89.24164 .. 63.46906 ] 
===================================================================== 
Reliability  vs.  NOM_class ,  NPM_avg  
              Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  0.8426405 0.62996236  1.337604 0.1810253989 
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x1          -0.2194605 0.06230256 -3.522496 0.0004275039 
x2           1.7637168 0.81834471  2.155225 0.0311442479 
R2log =  0.9151146  
Excluded as outliers:  Eclipse Perl Subversion Mono Struts Weka  ( 6 / 
19 ) 
MMRE =  30.24023  
Pred(25) =  57.89474  
Error range = [ -58.66085 .. 174.9980 ] 
===================================================================== 
Reliability  vs.  CBO ,  eLOC ,  NOM_class  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept)  1.045533e+00 3.594872e-01  2.908400 0.003632833 
x1           1.536938e-01 7.184854e-02  2.139136 0.032424645 
x2          -3.563821e-06 1.227180e-06 -2.904073 0.003683424 
x3          -1.098609e-01 4.221998e-02 -2.602106 0.009265319 
R2log =  0.9054288  
Excluded as outliers:  Eclipse Perl Subversion  ( 3 / 19 ) 
MMRE =  21.45670  
Pred(25) =  73.68421  
Error range = [ -53.6115 .. 112.0214 ] 
===================================================================== 
Reliability  vs.  CBO ,  eLOC ,  RFC  
                 Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept)  9.276795e-01 3.719895e-01  2.493832 0.01263723 
x1           2.115645e-01 1.015285e-01  2.083795 0.03717886 
x2          -5.808341e-06 2.559051e-06 -2.269725 0.02322427 
x3          -5.013071e-02 2.141815e-02 -2.340571 0.01925426 
R2log =  0.9177348  
Excluded as outliers:  Eclipse Perl Subversion Mono HttpUnit  ( 5 / 19 
) 
MMRE =  31.35281  
Pred(25) =  63.1579  
Error range = [ -84.55648 .. 112.0771 ] 
===================================================================== 
Reliability  vs.  CBO ,  num_classes ,  NOM_class  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept)  0.8015429223 0.3601589958  2.225525 0.026046001 
x1           0.3708410018 0.1298290109  2.856380 0.004285018 
x2          -0.0007786693 0.0002583005 -3.014586 0.002573298 
x3          -0.1124344090 0.0493332816 -2.279078 0.022662414 
R2log =  0.907661  
Excluded as outliers:  Eclipse Perl Hibernate HttpUnit Subversion  ( 5 
/ 19 ) 
MMRE =  27.89600  
Pred(25) =  68.42105  
Error range = [ -69.40517 .. 112.0805 ] 
===================================================================== 
Reliability  vs.  CBO ,  num_classes ,  RFC  
                 Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept)  0.9880900619 0.3784965318  2.610566 0.00903926 
x1           0.3151012567 0.1338405523  2.354303 0.01855746 
x2          -0.0005901947 0.0002803687 -2.105066 0.03528555 
x3          -0.0622911648 0.0249145569 -2.500192 0.01241262 
R2log =  0.9125699  
Excluded as outliers:  Eclipse Hibernate Perl Subversion HttpUnit Mono  
( 6 / 19 ) 
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MMRE =  30.51855  
Pred(25) =  57.89474  
Error range = [ -70.35907 .. 112.0805 ] 
===================================================================== 
Reliability  vs.  DIT ,  NOC_avg ,  NOA_tot  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  8.702083e-01 1.511700e-01  5.756488 8.588187e-09 
x1          -2.844113e+00 6.538589e-01 -4.349735 1.363024e-05 
x2           3.524763e+00 8.103935e-01  4.349447 1.364814e-05 
x3          -8.663225e-05 2.450581e-05 -3.535172 4.075095e-04 
R2log =  0.9350407  
Excluded as outliers:  Eclipse Ant Struts Findbugs SpringFramework 
JasperReports  ( 6 / 19 ) 
MMRE =  28.36595  
Pred(25) =  57.89474  
Error range = [ -87.47118 .. 69.73122 ] 
===================================================================== 
Reliability  vs.  LOC_class ,  eLOC ,  NOA_class  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.098932e+00 3.116668e-01  3.525983 0.0004219142 
x1           2.556378e-03 8.405901e-04  3.041171 0.0023565996 
x2          -3.132834e-06 1.042929e-06 -3.003881 0.0026655920 
x3          -1.423937e-01 6.851466e-02 -2.078296 0.0376821371 
R2log =  0.9324595  
Excluded as outliers:  Xalan Eclipse HttpUnit  ( 3 / 19 ) 
MMRE =  21.11316  
Pred(25) =  73.68421  
Error range = [ -74.75919 .. 108.4027 ] 
===================================================================== 
Reliability  vs.  eLOC ,  NOC_avg ,  NOM_class  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept)  9.827714e-01 3.609572e-01  2.722681 0.006475455 
x1          -2.288747e-06 1.038534e-06 -2.203825 0.027536682 
x2           8.272442e-01 2.611721e-01  3.167430 0.001537929 
x3          -1.117035e-01 3.961727e-02 -2.819566 0.004808867 
R2log =  0.9021388  
Excluded as outliers:  Eclipse Perl Subversion Ant  ( 4 / 19 ) 
MMRE =  19.98092  
Pred(25) =  68.42105  
Error range = [ -59.4227 .. 68.8591 ] 
===================================================================== 
Reliability  vs.  LOC_class ,  eLOC ,  NOC_avg ,  NOM_class  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  9.755432e-01 3.616918e-01  2.697167 0.0069932139 
x1           6.359476e-03 1.920487e-03  3.311386 0.0009283497 
x2          -4.160798e-06 1.386788e-06 -3.000313 0.0026970242 
x3           1.029300e+00 2.904751e-01  3.543504 0.0003948469 
x4          -1.618864e-01 4.390574e-02 -3.687136 0.0002267923 
R2log =  0.922879  
Excluded as outliers:  Eclipse Ant Perl  ( 3 / 19 ) 
MMRE =  15.04591  
Pred(25) =  84.21053  
Error range = [ -31.59923 .. 57.60327 ] 
===================================================================== 
Reliability  vs.  eLOC ,  NOC_avg ,  NOM_class ,  NPM_avg  
                 Estimate   Std. Error   z value     Pr(>|z|) 
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(Intercept)  8.235456e-01 3.255412e-01  2.529774 1.141362e-02 
x1          -3.604582e-06 1.057859e-06 -3.407431 6.557749e-04 
x2           1.002191e+00 2.875965e-01  3.484712 4.926674e-04 
x3          -1.185917e-01 3.850887e-02 -3.079594 2.072830e-03 
x4           1.772497e-01 3.869357e-02  4.580857 4.630737e-06 
R2log =  0.9267199  
Excluded as outliers:  Eclipse Ant  ( 2 / 19 ) 
MMRE =  15.88928  
Pred(25) =  78.94737  
Error range = [ -37.67299 .. 69.79773 ] 
===================================================================== 

3.2 Usability  
===================================================================== 
Usability  vs.  NOA_class  
              Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  1.5003616  0.4036645  3.716853 0.0002017196 
x1          -0.3253753  0.0940320 -3.460262 0.0005396505 
R2log =  0.9439427  
Excluded as outliers:  Xalan Log4J HttpUnit Hibernate Xerces Perl  ( 6 
/ 19 ) 
MMRE =  25.45628  
Pred(25) =  68.42105  
Error range = [ -97.69535 .. 86.52027 ] 
===================================================================== 
Usability  vs.  DIT ,  RFC  
               Estimate  Std. Error   z value    Pr(>|z|) 
(Intercept)  1.43184921 0.443911132  3.225531 0.001257391 
x1          -0.67610741 0.255879358 -2.642290 0.008234757 
x2          -0.02792454 0.009307659 -3.000168 0.002698307 
R2log =  0.9383676  
Excluded as outliers:  Log4J  ( 1 / 19 ) 
MMRE =  18.02903  
Pred(25) =  78.94737  
Error range = [ -38.12288 .. 68.3278 ] 
===================================================================== 
Usability  vs.  eLOC ,  NOM_class  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept)  1.252137e+00 4.196248e-01  2.983945 0.002845582 
x1          -1.837867e-06 8.338661e-07 -2.204032 0.027522113 
x2          -1.000181e-01 4.042796e-02 -2.473984 0.013361556 
R2log =  0.9370153  
Excluded as outliers:  Perl Struts Log4J  ( 3 / 19 ) 
MMRE =  19.02303  
Pred(25) =  73.68421  
Error range = [ -41.32991 .. 69.09885 ] 
===================================================================== 
Usability  vs.  num_abstract_classes ,  RFC  
               Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  2.28439723 0.49184582  4.644539 3.408363e-06 
x1          -0.01084170 0.00308439 -3.515023 4.397151e-04 
x2          -0.07946134 0.02141907 -3.709840 2.073902e-04 
R2log =  0.9422374  
Excluded as outliers:  Hibernate Subversion Perl Mono Saxon  ( 5 / 18 
) 
MMRE =  26.17127  
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Pred(25) =  55.55556  
Error range = [ -76.31057 .. 53.94561 ] 
===================================================================== 
Usability  vs.  NOA_class ,  NOM_tot  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.528988e+00 4.036597e-01  3.787814 1.519788e-04 
x1          -4.135483e-01 1.033948e-01 -3.999700 6.342277e-05 
x2           2.907735e-05 1.406882e-05  2.066794 3.875360e-02 
R2log =  0.9473835  
Excluded as outliers:  Xalan Log4J Hibernate Perl Xerces HttpUnit  ( 6 
/ 19 ) 
MMRE =  28.84795  
Pred(25) =  57.89474  
Error range = [ -99.22605 .. 80.58475 ] 
===================================================================== 
Usability  vs.  CBO ,  DIT ,  RFC  
               Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  2.25991591 0.66520904  3.397302 6.805385e-04 
x1           0.25316271 0.08198439  3.087938 2.015505e-03 
x2          -1.68215705 0.41538452 -4.049638 5.129686e-05 
x3          -0.06959075 0.02119326 -3.283627 1.024806e-03 
R2log =  0.9093855  
Excluded as outliers:  Eclipse Hibernate SpringFramework Subversion 
Log4J  ( 5 / 19 ) 
MMRE =  22.7462  
Pred(25) =  63.1579  
Error range = [ -39.96112 .. 78.72304 ] 
===================================================================== 
Usability  vs.  CBO ,  NOC_avg ,  num_classes  
                Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -0.480510262 0.2687844232 -1.787716 7.382181e-02 
x1           0.751091142 0.1640279939  4.579042 4.671095e-06 
x2          -0.750256657 0.2533676417 -2.961138 3.065042e-03 
x3          -0.001598018 0.0003385618 -4.720019 2.358223e-06 
R2log =  0.9295715  
Excluded as outliers:  Eclipse Subversion Hibernate HttpUnit 
JFreeChart Findbugs  ( 6 / 19 ) 
MMRE =  33.78214  
Pred(25) =  63.1579  
Error range = [ -97.00711 .. 134.7171 ] 
===================================================================== 
Usability  vs.  DIT ,  NOM_tot ,  RFC  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  2.127249e+00 6.333400e-01  3.358779 0.0007828768 
x1          -1.288806e+00 3.727459e-01 -3.457599 0.0005450116 
x2           3.454618e-05 1.550598e-05  2.227926 0.0258854343 
x3          -5.389230e-02 1.835524e-02 -2.936072 0.0033239756 
R2log =  0.9340052  
Excluded as outliers:  Log4J Hibernate SpringFramework Subversion  ( 4 
/ 19 ) 
MMRE =  21.40191  
Pred(25) =  63.1579  
Error range = [ -34.37344 .. 65.53428 ] 
===================================================================== 
Usability  vs.  LOC_class ,  eLOC ,  NOM_class  
                 Estimate   Std. Error   z value     Pr(>|z|) 
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(Intercept)  1.890125e+00 4.504706e-01  4.195890 2.718027e-05 
x1           2.424297e-02 8.494319e-03  2.854022 4.316951e-03 
x2          -7.563611e-06 2.032655e-06 -3.721049 1.983969e-04 
x3          -3.050423e-01 7.810142e-02 -3.905720 9.394539e-05 
R2log =  0.9354754  
Excluded as outliers:  Perl Subversion Mono Struts Hibernate  ( 5 / 19 
) 
MMRE =  27.96435  
Pred(25) =  57.89474  
Error range = [ -38.61756 .. 106.5220 ] 
===================================================================== 
Usability  vs.  LOC_class ,  num_abstract_classes ,  num_classes  
                Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.421457532 0.3370908881  4.216838 2.477523e-05 
x1          -0.014156066 0.0036184940 -3.912143 9.148066e-05 
x2          -0.026547141 0.0059579972 -4.455716 8.361385e-06 
x3           0.001163845 0.0003009015  3.867860 1.097945e-04 
R2log =  0.9369254  
Excluded as outliers:  Perl Subversion Hibernate SpringFramework  ( 4 
/ 18 ) 
MMRE =  23.77415  
Pred(25) =  66.66667  
Error range = [ -95.88068 .. 52.09951 ] 
===================================================================== 
Usability  vs.  LOC_class ,  num_abstract_classes ,  NOM_tot  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  2.607303e+00 5.390005e-01  4.837292 1.316202e-06 
x1          -2.703778e-02 6.464437e-03 -4.182541 2.882687e-05 
x2          -2.299565e-02 5.727707e-03 -4.014808 5.949410e-05 
x3           8.525322e-05 2.428398e-05  3.510678 4.469657e-04 
R2log =  0.9443437  
Excluded as outliers:  Perl Subversion Mono HttpUnit  ( 4 / 18 ) 
MMRE =  29.71893  
Pred(25) =  61.11111  
Error range = [ -99.9134 .. 94.46588 ] 
===================================================================== 
Usability  vs.  num_abstract_classes ,  NOA_class ,  RFC  
               Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  2.16270948 0.447170565  4.836431 1.321913e-06 
x1          -0.01046420 0.002709151 -3.862537 1.122154e-04 
x2          -0.17605560 0.078344996 -2.247184 2.462829e-02 
x3          -0.02680148 0.006575370 -4.076041 4.580889e-05 
R2log =  0.9491878  
Excluded as outliers:  Hibernate Xalan HttpUnit  ( 3 / 18 ) 
MMRE =  21.78578  
Pred(25) =  66.66667  
Error range = [ -78.67393 .. 92.19081 ] 
===================================================================== 
Usability  vs.  num_abstract_classes ,  num_classes ,  RFC  
                Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  2.159438564 0.4435793652  4.868212 1.126123e-06 
x1          -0.025919391 0.0053830706 -4.814982 1.472128e-06 
x2           0.001120332 0.0002939805  3.810905 1.384587e-04 
x3          -0.090135329 0.0202497546 -4.451181 8.539920e-06 
R2log =  0.911589  
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Excluded as outliers:  Hibernate Subversion Perl Eclipse 
SpringFramework  ( 5 / 18 ) 
MMRE =  18.14438  
Pred(25) =  83.33333  
Error range = [ -63.12723 .. 24.56751 ] 
===================================================================== 
Usability  vs.  num_abstract_classes ,  NOM_class ,  NPM_avg  
                Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  1.920868511 0.475202355  4.042212 0.0000529494 
x1          -0.009060714 0.003039549 -2.980941 0.0028736456 
x2          -0.114136771 0.039685170 -2.876056 0.0040267825 
x3          -0.133093100 0.035460799 -3.753246 0.0001745594 
R2log =  0.9382102  
Excluded as outliers:  Perl Hibernate  ( 2 / 18 ) 
MMRE =  19.53203  
Pred(25) =  72.22222  
Error range = [ -66.0782 .. 58.13719 ] 
===================================================================== 
Usability  vs.  CBO ,  DIT ,  eLOC ,  NOM_class  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  2.734273e+00 6.069186e-01  4.505173 6.631898e-06 
x1           3.142382e-01 8.396065e-02  3.742684 1.820648e-04 
x2          -2.068539e+00 4.402387e-01 -4.698676 2.618539e-06 
x3          -8.347764e-06 1.918508e-06 -4.351176 1.354092e-05 
x4          -1.000845e-01 3.648032e-02 -2.743522 6.078402e-03 
R2log =  0.9206368  
Excluded as outliers:  Eclipse Subversion  ( 2 / 19 ) 
MMRE =  18.95395  
Pred(25) =  84.21053  
Error range = [ -20.30330 .. 78.72338 ] 
===================================================================== 
Usability  vs.  CBO ,  NOA_class ,  num_classes ,  NOM_class  
                Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  0.674316576 0.3811721419  1.769060 7.688378e-02 
x1           0.700906694 0.1557591872  4.499938 6.797327e-06 
x2          -0.092085078 0.0415497677 -2.216260 2.667372e-02 
x3          -0.001196221 0.0003093007 -3.867503 1.099555e-04 
x4          -0.164927536 0.0524740120 -3.143033 1.672072e-03 
R2log =  0.915366  
Excluded as outliers:  Eclipse Hibernate Perl Subversion HttpUnit 
Findbugs  ( 6 / 19 ) 
MMRE =  29.02868  
Pred(25) =  68.42105  
Error range = [ -81.97341 .. 113.6418 ] 
===================================================================== 
Usability  vs.  DIT ,  LOC_class ,  NOA_class ,  NOM_tot  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  3.868630e+00 1.211943e+00  3.192090 0.0014124733 
x1          -1.620172e+00 7.853040e-01 -2.063115 0.0391017215 
x2          -8.349439e-03 4.090354e-03 -2.041251 0.0412259134 
x3          -4.508927e-01 1.163252e-01 -3.876140 0.0001061265 
x4           5.137588e-05 1.866151e-05  2.753040 0.0059044696 
R2log =  0.950866  
Excluded as outliers:  Perl Xalan Log4J Hibernate Xerces HttpUnit  ( 6 
/ 19 ) 
MMRE =  30.92624  
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Pred(25) =  57.89474  
Error range = [ -99.4033 .. 85.27701 ] 
===================================================================== 
Usability  vs.  DIT ,  NOA_class ,  NOM_tot ,  NPM_avg  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  6.382857e+00 2.125340e+00  3.003217 2.671422e-03 
x1          -3.387992e+00 1.446997e+00 -2.341396 1.921178e-02 
x2          -5.487864e-01 1.286208e-01 -4.266701 1.983847e-05 
x3           3.821324e-05 1.623030e-05  2.354438 1.855071e-02 
x4          -5.412408e-01 2.331386e-01 -2.321541 2.025767e-02 
R2log =  0.9518973  
Excluded as outliers:  Perl Xalan Log4J Hibernate Xerces HttpUnit  ( 6 
/ 19 ) 
MMRE =  32.43370  
Pred(25) =  57.89474  
Error range = [ -99.85002 .. 92.01862 ] 
===================================================================== 
Usability  vs.  num_abstract_classes ,  NOA_class ,  num_classes ,  
RFC  
                Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  2.920047140 0.5389172240  5.418359 6.014845e-08 
x1          -0.022947204 0.0052900995 -4.337764 1.439395e-05 
x2          -0.279856392 0.0906047498 -3.088761 2.009933e-03 
x3           0.000818638 0.0002880858  2.841647 4.488117e-03 
x4          -0.048852790 0.0102253535 -4.777614 1.773877e-06 
R2log =  0.9410119  
Excluded as outliers:  Xalan HttpUnit Hibernate Eclipse  ( 4 / 18 ) 
MMRE =  18.37164  
Pred(25) =  88.88889  
Error range = [ -89.46024 .. 81.66713 ] 
===================================================================== 

3.3 Portability  
===================================================================== 
Portability  vs.  DIT  
            Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  9.38866   2.494510  3.763729 0.0001673980 
x1          -8.12162   2.241206 -3.623772 0.0002903380 
R2log =  0.9150252  
Excluded as outliers:  Subversion Perl Mono Eclipse SpringFramework 
Xerces  ( 6 / 19 ) 
MMRE =  24.75527  
Pred(25) =  63.1579  
Error range = [ -37.82363 .. 108.3158 ] 
===================================================================== 
Portability  vs.  NOC_avg  
              Estimate Std. Error    z value    Pr(>|z|) 
(Intercept) -0.1032689  0.1786349 -0.5781004 0.563196355 
x1           0.5217145  0.1711997  3.0474026 0.002308283 
R2log =  0.9310593  
Excluded as outliers:  Perl Subversion  ( 2 / 19 ) 
MMRE =  12.82051  
Pred(25) =  78.94737  
Error range = [ -34.5749 .. 54.75781 ] 
===================================================================== 
Portability  vs.  LOC_class ,  NOM_class ,  NPM_avg  
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               Estimate  Std. Error   z value    Pr(>|z|) 
(Intercept)  1.70825093 0.557700797  3.063024 0.002191125 
x1           0.01537493 0.006309317  2.436862 0.014815331 
x2          -0.19683862 0.071871877 -2.738743 0.006167452 
x3          -0.52788552 0.203991351 -2.587784 0.009659557 
R2log =  0.9240858  
Excluded as outliers:  Perl Struts Eclipse  ( 3 / 19 ) 
MMRE =  17.11030  
Pred(25) =  78.94737  
Error range = [ -78.76592 .. 54.75556 ] 
===================================================================== 
Portability  vs.  eLOC ,  NOC_avg ,  NPM_avg  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -2.532902e-01 2.054608e-01 -1.232791 2.176537e-01 
x1          -1.894730e-06 9.345268e-07 -2.027475 4.261381e-02 
x2           7.348003e-01 1.826247e-01  4.023555 5.732625e-05 
x3           1.250116e-01 3.010493e-02  4.152529 3.288205e-05 
R2log =  0.9420108  
Excluded as outliers:   ( 0 / 19 ) 
MMRE =  9.63466  
Pred(25) =  94.73684  
Error range = [ -23.77546 .. 59.20577 ] 
===================================================================== 
Portability  vs.  eLOC ,  num_abstract_classes ,  RFC  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.617593e+00 3.501351e-01  4.619911 3.839054e-06 
x1           5.866984e-06 2.124657e-06  2.761379 5.755776e-03 
x2          -1.012255e-02 3.339107e-03 -3.031515 2.433299e-03 
x3          -5.213867e-02 1.569777e-02 -3.321405 8.956543e-04 
R2log =  0.926683  
Excluded as outliers:  Hibernate Mono Eclipse  ( 3 / 18 ) 
MMRE =  16.14806  
Pred(25) =  77.77778  
Error range = [ -25.09373 .. 72.99319 ] 
===================================================================== 
Portability  vs.  num_abstract_classes ,  num_classes ,  NOM_class  
                Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.599505136 0.4331144510  3.693031 0.0002215969 
x1          -0.015474471 0.0058382937 -2.650513 0.0080369748 
x2           0.000585534 0.0002406130  2.433510 0.0149532418 
x3          -0.107607067 0.0419112745 -2.567497 0.0102435710 
R2log =  0.9359667  
Excluded as outliers:  Perl Subversion Mono Ant  ( 4 / 18 ) 
MMRE =  16.03865  
Pred(25) =  83.33333  
Error range = [ -21.70406 .. 77.01724 ] 
===================================================================== 
Portability  vs.  num_abstract_classes ,  num_classes ,  RFC  
                 Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  1.6726374730 0.381925678  4.379484 1.189605e-05 
x1          -0.0146242928 0.005326025 -2.745817 6.036035e-03 
x2           0.0005486435 0.000217172  2.526309 1.152682e-02 
x3          -0.0582754839 0.016826226 -3.463372 5.334498e-04 
R2log =  0.93448  
Excluded as outliers:  Perl Subversion Ant  ( 3 / 18 ) 
MMRE =  13.978  
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Pred(25) =  83.33333  
Error range = [ -49.97226 .. 45.05065 ] 
===================================================================== 
Portability  vs.  num_abstract_classes ,  NOM_tot ,  NOM_class  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  2.394492e+00 5.665513e-01  4.226435 2.374225e-05 
x1          -1.959248e-02 6.591813e-03 -2.972245 2.956312e-03 
x2           8.278948e-05 2.989903e-05  2.768968 5.623410e-03 
x3          -2.053544e-01 5.967256e-02 -3.441354 5.788107e-04 
R2log =  0.9386772  
Excluded as outliers:  Perl Subversion Mono Ant SpringFramework  ( 5 / 
18 ) 
MMRE =  16.50353  
Pred(25) =  83.33333  
Error range = [ -25.0264 .. 79.71536 ] 
===================================================================== 
Portability  vs.  num_abstract_classes ,  NOM_tot ,  RFC  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  2.144172e+00 5.497651e-01  3.900161 9.612886e-05 
x1          -1.533894e-02 5.731753e-03 -2.676135 7.447670e-03 
x2           5.866474e-05 2.408404e-05  2.435835 1.485745e-02 
x3          -8.444293e-02 2.597280e-02 -3.251206 1.149166e-03 
R2log =  0.934367  
Excluded as outliers:  Hibernate Perl Subversion Ant Mono  ( 5 / 18 ) 
MMRE =  17.10712  
Pred(25) =  77.77778  
Error range = [ -78.21121 .. 39.35438 ] 
===================================================================== 

3.4 How well are functional requirements satisfied 
===================================================================== 
Functionality  vs.  DIT  
            Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  7.80991   2.327406  3.355628 0.0007918504 
x1          -6.64712   2.070755 -3.209999 0.0013273554 
R2log =  0.896114  
Excluded as outliers:  Perl Subversion Mono Ant Eclipse 
SpringFramework  ( 6 / 19 ) 
MMRE =  34.71871  
Pred(25) =  57.89474  
Error range = [ -30.71730 .. 177.6646 ] 
===================================================================== 
Functionality  vs.  NOA_class  
             Estimate Std. Error   z value    Pr(>|z|) 
(Intercept)  0.936778 0.29046335  3.225116 0.001259217 
x1          -0.164842 0.06778973 -2.431666 0.015029545 
R2log =  0.9437502  
Excluded as outliers:  Log4J Xalan HttpUnit Perl  ( 4 / 19 ) 
MMRE =  23.49420  
Pred(25) =  78.94737  
Error range = [ -75.84607 .. 95.59488 ] 
===================================================================== 
Functionality  vs.  CBO ,  eLOC  
                 Estimate   Std. Error     z value     Pr(>|z|) 
(Intercept)  1.602959e-02 2.683812e-01  0.05972696 0.9523730960 
x1           2.460468e-01 9.044267e-02  2.72047234 0.0065188725 
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x2          -1.147935e-05 3.074780e-06 -3.73338848 0.0001889209 
R2log =  0.9168487  
Excluded as outliers:  Eclipse Perl Subversion Mono Hibernate HttpUnit  
( 6 / 19 ) 
MMRE =  31.63941  
Pred(25) =  63.1579  
Error range = [ -91.62975 .. 118.6485 ] 
===================================================================== 
Functionality  vs.  CBO ,  num_classes  
                Estimate   Std. Error    z value     Pr(>|z|) 
(Intercept) -0.026376000 0.2586579245 -0.1019725 0.9187784887 
x1           0.318369059 0.1045261741  3.0458310 0.0023203824 
x2          -0.001044272 0.0002923314 -3.5722193 0.0003539688 
R2log =  0.9287306  
Excluded as outliers:  Eclipse Hibernate HttpUnit Findbugs Perl  ( 5 / 
19 ) 
MMRE =  27.0261  
Pred(25) =  68.42105  
Error range = [ -91.51855 .. 124.8756 ] 
===================================================================== 
Functionality  vs.  DIT ,  eLOC  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.891210e+00 4.062171e-01  4.655664 3.229389e-06 
x1          -1.092263e+00 3.009675e-01 -3.629173 2.843305e-04 
x2          -6.183014e-06 1.589698e-06 -3.889428 1.004809e-04 
R2log =  0.932447  
Excluded as outliers:  Eclipse Hibernate HttpUnit  ( 3 / 19 ) 
MMRE =  16.47422  
Pred(25) =  84.21053  
Error range = [ -31.44239 .. 97.75406 ] 
===================================================================== 
Functionality  vs.  eLOC ,  num_abstract_classes  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  9.357412e-01 1.857019e-01  5.038941 4.681145e-07 
x1          -2.542819e-06 8.371699e-07 -3.037400 2.386288e-03 
x2          -7.420412e-03 2.673559e-03 -2.775481 5.512016e-03 
R2log =  0.9304327  
Excluded as outliers:  Hibernate Eclipse HttpUnit  ( 3 / 18 ) 
MMRE =  21.54753  
Pred(25) =  77.77778  
Error range = [ -53.73469 .. 103.8268 ] 
===================================================================== 
Functionality  vs.  eLOC ,  NOM_class  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.789777e+00 4.982321e-01  3.592254 0.0003278295 
x1          -3.806529e-06 1.056818e-06 -3.601878 0.0003159271 
x2          -1.085516e-01 4.769387e-02 -2.276008 0.0228455184 
R2log =  0.9124732  
Excluded as outliers:  Perl Subversion Struts HttpUnit Eclipse Ant  ( 
6 / 19 ) 
MMRE =  20.07539  
Pred(25) =  84.21053  
Error range = [ -36.92347 .. 99.00563 ] 
===================================================================== 
Functionality  vs.  NOM_class ,  NPM_avg  
              Estimate Std. Error    z value    Pr(>|z|) 
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(Intercept)  0.2032856 0.65337256  0.3111328 0.755699687 
x1          -0.1753745 0.05685192 -3.0847601 0.002037164 
x2           1.8437905 0.74825358  2.4641252 0.013734813 
R2log =  0.9069901  
Excluded as outliers:  Perl Subversion Mono Struts Eclipse Log4J  ( 6 
/ 19 ) 
MMRE =  29.0479  
Pred(25) =  63.1579  
Error range = [ -32.08693 .. 177.7762 ] 
===================================================================== 
Functionality  vs.  DIT ,  LOC_class ,  NOM_class  
               Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept) -1.61896794 1.128919362 -1.434086 0.1515475993 
x1           4.39746481 1.304007638  3.372269 0.0007455154 
x2           0.01949890 0.006142386  3.174484 0.0015010336 
x3          -0.45477411 0.117305290 -3.876842 0.0001058209 
R2log =  0.9273051  
Excluded as outliers:  Eclipse Struts JFreeChart Perl  ( 4 / 19 ) 
MMRE =  19.58057  
Pred(25) =  73.68421  
Error range = [ -43.90468 .. 86.44864 ] 
===================================================================== 
Functionality  vs.  LOC_class ,  NOM_class ,  NPM_avg  
               Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  1.29201625 0.683267890  1.890937 5.863281e-02 
x1           0.01914562 0.007812127  2.450757 1.425563e-02 
x2          -0.37640149 0.095985558 -3.921439 8.802182e-05 
x3           1.49870052 0.761111616  1.969094 4.894227e-02 
R2log =  0.9108565  
Excluded as outliers:  Perl Subversion Mono Struts Eclipse Ant  ( 6 / 
19 ) 
MMRE =  31.45285  
Pred(25) =  63.1579  
Error range = [ -19.9579 .. 177.7774 ] 
===================================================================== 
Functionality  vs.  eLOC ,  NOC_avg ,  NOA_class  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  2.173669e+00 4.819173e-01  4.510460 6.468731e-06 
x1          -3.240013e-06 1.195289e-06 -2.710653 6.715088e-03 
x2          -4.804739e-01 1.574993e-01 -3.050641 2.283537e-03 
x3          -2.335761e-01 7.816823e-02 -2.988120 2.806992e-03 
R2log =  0.9542656  
Excluded as outliers:  Log4J Xalan HttpUnit Struts SpringFramework  ( 
5 / 19 ) 
MMRE =  24.73709  
Pred(25) =  78.94737  
Error range = [ -90.8226 .. 142.3043 ] 
===================================================================== 
Functionality  vs.  eLOC ,  num_abstract_classes ,  NOA_class  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  2.240146e+00 4.985475e-01  4.493344 7.011324e-06 
x1          -2.729755e-06 8.416989e-07 -3.243149 1.182162e-03 
x2          -6.659970e-03 1.986902e-03 -3.351937 8.024823e-04 
x3          -2.746686e-01 9.436995e-02 -2.910552 3.607912e-03 
R2log =  0.9543392  
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Excluded as outliers:  Hibernate HttpUnit Xalan SpringFramework  ( 4 / 
18 ) 
MMRE =  23.19727  
Pred(25) =  77.77778  
Error range = [ -92.50951 .. 143.7929 ] 
===================================================================== 
Functionality  vs.  num_abstract_classes ,  num_classes ,  RFC  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  2.0429054459 0.4374768391  4.669745 3.015733e-06 
x1          -0.0129100450 0.0048032082 -2.687796 7.192527e-03 
x2           0.0004920086 0.0002502017  1.966448 4.924689e-02 
x3          -0.0781696608 0.0194000125 -4.029361 5.592859e-05 
R2log =  0.905329  
Excluded as outliers:  Hibernate Subversion Perl Eclipse  ( 4 / 18 ) 
MMRE =  19.72865  
Pred(25) =  72.22222  
Error range = [ -73.2239 .. 60.13232 ] 
===================================================================== 
Functionality  vs.  CBO ,  LOC_class ,  eLOC ,  NOA_class  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept)  5.636136e-01 3.802728e-01  1.482129 0.138305843 
x1           1.325895e-01 6.374153e-02  2.080112 0.037515232 
x2           3.231289e-03 1.016146e-03  3.179944 0.001473035 
x3          -3.837420e-06 1.420207e-06 -2.702016 0.006892054 
x4          -1.841956e-01 7.052175e-02 -2.611898 0.009004105 
R2log =  0.937908  
Excluded as outliers:  Eclipse HttpUnit Xalan Log4J  ( 4 / 19 ) 
MMRE =  23.19516  
Pred(25) =  73.68421  
Error range = [ -77.21106 .. 110.8443 ] 
===================================================================== 
Functionality  vs.  DIT ,  NOC_avg ,  NOA_tot ,  NOA_class  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.5563969770 4.036881e-01  3.855444 0.0001155196 
x1           0.8368505783 4.153996e-01  2.014568 0.0439499543 
x2          -0.8315102131 3.797015e-01 -2.189905 0.0285311126 
x3          -0.0000565031 2.664229e-05 -2.120805 0.0339382037 
x4          -0.2139029383 7.958940e-02 -2.687581 0.0071971682 
R2log =  0.9553053  
Excluded as outliers:  Xalan Log4J HttpUnit Struts SpringFramework 
JasperReports  ( 6 / 19 ) 
MMRE =  27.77935  
Pred(25) =  63.1579  
Error range = [ -96.69165 .. 151.5041 ] 
===================================================================== 
Functionality  vs.  DIT ,  NOC_avg ,  NOA_class ,  num_classes  
                Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.623348951 0.4233207710  3.834796 0.0001256684 
x1          -0.743200124 0.2651694779 -2.802736 0.0050671080 
x2           1.126200483 0.3577329461  3.148160 0.0016430184 
x3          -0.203440019 0.0925919915 -2.197166 0.0280085590 
x4          -0.000386465 0.0001791340 -2.157408 0.0309739077 
R2log =  0.9358661  
Excluded as outliers:  Hibernate Findbugs Ant Eclipse HttpUnit Xalan  
( 6 / 19 ) 
MMRE =  26.20090  
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Pred(25) =  63.1579  
Error range = [ -70.75003 .. 116.7326 ] 
===================================================================== 
Functionality  vs.  LOC_class ,  NOC_avg ,  NOM_tot ,  NPM_avg  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -1.947712e+00 7.756593e-01 -2.511041 0.012037587 
x1          -3.106904e-02 9.778644e-03 -3.177234 0.001486869 
x2           7.553499e-01 3.185310e-01  2.371355 0.017723019 
x3           7.346473e-05 2.600489e-05  2.825035 0.004727546 
x4           3.149868e+00 9.784739e-01  3.219164 0.001285648 
R2log =  0.9383142  
Excluded as outliers:  Hibernate Perl Subversion Mono Log4J Xalan  ( 6 
/ 19 ) 
MMRE =  35.24786  
Pred(25) =  57.89474  
Error range = [ -40.87512 .. 177.7776 ] 
===================================================================== 
Functionality  vs.  LOC_class ,  NOC_avg ,  NOM_class ,  NPM_avg  
               Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  2.44482597 0.898828572  2.720014 6.527922e-03 
x1           0.02929907 0.009491701  3.086809 2.023175e-03 
x2          -0.97229783 0.374522233 -2.596102 9.428813e-03 
x3          -0.49190805 0.113714039 -4.325834 1.519558e-05 
x4           1.55836885 0.755211732  2.063486 3.906647e-02 
R2log =  0.9243234  
Excluded as outliers:  Perl Subversion Mono Struts Eclipse  ( 5 / 19 ) 
MMRE =  27.76491  
Pred(25) =  78.94737  
Error range = [ -24.03254 .. 177.7778 ] 
===================================================================== 
Functionality  vs.  num_abstract_classes ,  NOA_class ,  num_classes ,  
RFC  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  2.6334153706 0.5220222268  5.044642 4.543707e-07 
x1          -0.0175343102 0.0052881295 -3.315787 9.138551e-04 
x2          -0.0832851016 0.0386833634 -2.152995 3.131904e-02 
x3           0.0008224689 0.0002977105  2.762647 5.733475e-03 
x4          -0.0913108675 0.0204931207 -4.455684 8.362618e-06 
R2log =  0.9117899  
Excluded as outliers:  Hibernate Subversion Perl Eclipse  ( 4 / 18 ) 
MMRE =  20.31626  
Pred(25) =  66.66667  
Error range = [ -76.10393 .. 63.0015 ] 
===================================================================== 
Functionality  vs.  num_abstract_classes ,  NOA_class ,  NOM_tot ,  
RFC  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  3.223262e+00 7.265397e-01  4.436457 9.145159e-06 
x1          -1.665141e-02 5.269090e-03 -3.160206 1.576577e-03 
x2          -7.580258e-02 3.753450e-02 -2.019544 4.343070e-02 
x3           7.189186e-05 2.635808e-05  2.727507 6.381482e-03 
x4          -1.226107e-01 3.400100e-02 -3.606091 3.108437e-04 
R2log =  0.9121011  
Excluded as outliers:  Subversion Hibernate Perl Eclipse Mono  ( 5 / 
18 ) 
MMRE =  24.27811  
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Pred(25) =  66.66667  
Error range = [ -93.06743 .. 66.13784 ] 
===================================================================== 

3.5 Interoperability  
===================================================================== 
Interoperability  vs.  NOA_tot  
                 Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept)  3.640683e-01 1.365658e-01  2.665882 0.00767867 
x1          -6.194192e-05 2.523441e-05 -2.454661 0.01410175 
R2log =  0.9493036  
Excluded as outliers:  Xalan Hibernate HttpUnit  ( 3 / 19 ) 
MMRE =  18.94534  
Pred(25) =  78.94737  
Error range = [ -67.95742 .. 131.5935 ] 
===================================================================== 
Interoperability  vs.  CBO ,  DIT ,  NOC_avg  
              Estimate Std. Error   z value   Pr(>|z|) 
(Intercept)  0.6588168 0.26708468  2.466696 0.01363659 
x1          -0.1450580 0.06243951 -2.323176 0.02016971 
x2          -0.4913874 0.24720011 -1.987812 0.04683244 
x3           0.7844460 0.32993225  2.377597 0.01742584 
R2log =  0.9240956  
Excluded as outliers:  Eclipse Ant  ( 2 / 19 ) 
MMRE =  19.93456  
Pred(25) =  84.21053  
Error range = [ -99.80164 .. 98.01738 ] 
===================================================================== 

3.6 Security  
===================================================================== 
Security  vs.  NPM_avg  
             Estimate Std. Error   z value   Pr(>|z|) 
(Intercept) -0.972188  0.4140592 -2.347945 0.01887733 
x1           1.068608  0.4705738  2.270862 0.02315531 
R2log =  0.9325839  
Excluded as outliers:  Perl Subversion Mono  ( 3 / 19 ) 
MMRE =  25.88932 
Pred(25) =  78.94737  
Error range = [ -13.93843 .. 139.6872 ] 
===================================================================== 
Security  vs.  eLOC ,  num_abstract_classes  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept)  6.611793e-01 2.376701e-01  2.781920 0.005403828 
x1          -2.064449e-06 9.936063e-07 -2.077733 0.037733963 
x2          -7.211312e-03 2.432309e-03 -2.964801 0.003028786 
R2log =  0.939565  
Excluded as outliers:  Hibernate Log4J  ( 2 / 18 ) 
MMRE =  17.80256   
Pred(25) =  77.77778  
Error range = [ -51.14429 .. 31.005817] 
===================================================================== 
Security  vs.  NOA_tot ,  NOA_class  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -0.2838648343 1.870344e-01 -1.517714 0.129086416 
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x1          -0.0001103598 3.419449e-05 -3.227415 0.001249140 
x2           0.2046376486 6.654220e-02  3.075306 0.002102864 
R2log =  0.9412001  
Excluded as outliers:  Hibernate Log4J Struts  ( 3 / 19 ) 
MMRE =  18.77020 
Pred(25) =  73.68421  
Error range = [ -50.71715 .. 49.6564085 ] 
===================================================================== 

3.7 Performance (in terms of speed) 
===================================================================== 
Speed  vs.  CBO  
              Estimate Std. Error    z value   Pr(>|z|) 
(Intercept)  0.1317698 0.19794710  0.6656817 0.50561459 
x1          -0.1028166 0.04649061 -2.2115556 0.02699739 
R2log =  0.9314538  
Excluded as outliers:  Eclipse  ( 1 / 19 ) 
MMRE =  18.31345  
Pred(25) =  84.21053  
Error range = [ -98.296 .. 34.45808 ] 
===================================================================== 
Speed  vs.  DIT  
             Estimate Std. Error   z value   Pr(>|z|) 
(Intercept)  4.589609   2.283683  2.009740 0.04445875 
x1          -4.294063   2.048340 -2.096362 0.03605008 
R2log =  0.9131231  
Excluded as outliers:  Eclipse Subversion Perl Mono SpringFramework 
Hibernate  ( 6 / 19 ) 
MMRE =  36.96037  
Pred(25) =  57.89474  
Error range = [ -29.70468 .. 163.9780 ] 
===================================================================== 
Speed  vs.  NOA_tot  
                 Estimate   Std. Error    z value    Pr(>|z|) 
(Intercept) -1.739712e-02 1.141618e-01 -0.1523900 0.878879376 
x1          -5.480147e-05 1.950049e-05 -2.8102617 0.004950124 
R2log =  0.9355728  
Excluded as outliers:  Eclipse Xalan  ( 2 / 19 ) 
MMRE =  17.03771  
Pred(25) =  84.21053  
Error range = [ -54.07845 .. 75.09686 ] 
===================================================================== 
Speed  vs.  num_classes  
                 Estimate   Std. Error     z value   Pr(>|z|) 
(Intercept)  0.0054106985 0.1384318460  0.03908565 0.96882210 
x1          -0.0002859882 0.0001380472 -2.07166880 0.03829634 
R2log =  0.931425  
Excluded as outliers:  Hibernate Eclipse  ( 2 / 19 ) 
MMRE =  16.23726  
Pred(25) =  84.21053  
Error range = [ -38.11884 .. 66.74786 ] 
===================================================================== 
Speed  vs.  CBO ,  NOC_avg  
               Estimate Std. Error    z value   Pr(>|z|) 
(Intercept)  0.04022432 0.23772785  0.1692032 0.86563678 
x1          -0.17618620 0.06563509 -2.6843293 0.00726755 
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x2           0.49898227 0.24986904  1.9969752 0.04582788 
R2log =  0.9176431  
Excluded as outliers:  Eclipse Subversion Perl  ( 3 / 19 ) 
MMRE =  16.72473  
Pred(25) =  78.94737  
Error range = [ -99.94777 .. 29.45293 ] 
===================================================================== 
Speed  vs.  DIT ,  eLOC  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept)  5.656807e-01 3.324043e-01  1.701785 0.088795676 
x1          -5.216015e-01 2.402986e-01 -2.170639 0.029958461 
x2          -3.626609e-06 1.274735e-06 -2.844990 0.004441278 
R2log =  0.9343495  
Excluded as outliers:  Eclipse  ( 1 / 19 ) 
MMRE =  13.59051  
Pred(25) =  84.21053  
Error range = [ -26.8506 .. 56.26816 ] 
===================================================================== 
Speed  vs.  DIT ,  NOM_class  
              Estimate Std. Error   z value   Pr(>|z|) 
(Intercept)  0.3930354 0.44242555  0.888365 0.37434441 
x1           0.4009058 0.18331909  2.186929 0.02874773 
x2          -0.1045751 0.05306838 -1.970573 0.04877278 
R2log =  0.927589  
Excluded as outliers:  Eclipse Perl Hibernate Struts  ( 4 / 19 ) 
MMRE =  22.66100  
Pred(25) =  68.42105  
Error range = [ -40.9379 .. 123.9643 ] 
===================================================================== 
Speed  vs.  NOC_avg ,  NOA_class  
              Estimate Std. Error    z value   Pr(>|z|) 
(Intercept)  0.2447889 0.33382556  0.7332839 0.46338528 
x1           0.3778499 0.16486697  2.2918474 0.02191445 
x2          -0.1620681 0.07574333 -2.1397007 0.03237896 
R2log =  0.9314903  
Excluded as outliers:  Eclipse Hibernate Xalan Perl  ( 4 / 19 ) 
MMRE =  22.37267  
Pred(25) =  84.21053  
Error range = [ -71.57422 .. 122.8487 ] 
===================================================================== 
Speed  vs.  DIT ,  NOC_avg ,  NOA_class  
              Estimate Std. Error   z value   Pr(>|z|) 
(Intercept)  0.7258431 0.41116367  1.765339 0.07750688 
x1          -0.5864456 0.29914965 -1.960375 0.04995194 
x2           0.7447946 0.31800118  2.342113 0.01917493 
x3          -0.2037367 0.08285182 -2.459050 0.01393054 
R2log =  0.9287745  
Excluded as outliers:  Eclipse Hibernate Xalan Subversion Struts  ( 5 
/ 19 ) 
MMRE =  21.74765  
Pred(25) =  78.94737  
Error range = [ -79.50218 .. 130.8008 ] 
===================================================================== 

3.8 Usefulness of the product developer community 
===================================================================== 
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Community  vs.  DIT ,  LOC_class ,  NOA_class ,  NOM_class  
               Estimate  Std. Error   z value    Pr(>|z|) 
(Intercept) -5.01831583 1.758419432 -2.853879 0.004318901 
x1           5.42989989 1.774875372  3.059313 0.002218450 
x2           0.02652300 0.008735521  3.036224 0.002395614 
x3          -0.18569058 0.089154544 -2.082794 0.037269977 
x4          -0.26053959 0.083520787 -3.119458 0.001811840 
R2log =  0.9352957  
Excluded as outliers:  Xalan Eclipse Mono Perl  ( 4 / 19 ) 
MMRE =  20.25957  
Pred(25) =  78.94737  
Error range = [ -91.4526 .. 42.36572 ] 
===================================================================== 

3.9 Documentation Quality  
===================================================================== 
DocQuality  vs.  DIT  
             Estimate Std. Error   z value   Pr(>|z|) 
(Intercept)  5.300517    2.40524  2.203737 0.02754283 
x1          -5.077207    2.16627 -2.343756 0.01909067 
R2log =  0.911836  
Excluded as outliers:  Perl Subversion Mono Eclipse SpringFramework 
Struts  ( 6 / 19 ) 
MMRE =  38.66069  
Pred(25) =  52.63158  
Error range = [ -54.43391 .. 161.1926 ] 
===================================================================== 
DocQuality  vs.  NPM_avg  
              Estimate Std. Error   z value     Pr(>|z|) 
(Intercept) -0.3182307 0.07295552 -4.361983 1.288888e-05 
x1           0.0604969 0.01403287  4.311084 1.624560e-05 
R2log =  0.933459  
Excluded as outliers:   ( 0 / 19 ) 
MMRE =  25.59031  
Pred(25) =  57.89474  
Error range = [ -34.07555 .. 182.2980 ] 
===================================================================== 
DocQuality  vs.  DIT ,  eLOC  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.679398e+00 4.172383e-01  4.025032 5.696747e-05 
x1          -1.342252e+00 3.103882e-01 -4.324430 1.529267e-05 
x2          -5.832184e-06 1.646693e-06 -3.541755 3.974744e-04 
R2log =  0.9308174  
Excluded as outliers:  Eclipse Hibernate HttpUnit  ( 3 / 19 ) 
MMRE =  26.92643  
Pred(25) =  73.68421  
Error range = [ -28.68929 .. 235.2284 ] 
===================================================================== 
DocQuality  vs.  DIT ,  NOA_tot  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  6.623799e-01 1.522961e-01  4.349290 0.0000136579 
x1          -3.219087e-01 1.192671e-01 -2.699058 0.0069536133 
x2          -9.974602e-05 2.533375e-05 -3.937278 0.0000824112 
R2log =  0.9486115  
Excluded as outliers:  Xalan Hibernate HttpUnit  ( 3 / 19 ) 
MMRE =  32.32802  
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Pred(25) =  57.89474  
Error range = [ -80.7758 .. 260.6603 ] 
===================================================================== 
DocQuality  vs.  DIT ,  num_classes  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  0.6974912762 0.1720205533  4.054697 5.019926e-05 
x1          -0.3590234092 0.1306731939 -2.747491 6.005318e-03 
x2          -0.0004867045 0.0001418686 -3.430671 6.020908e-04 
R2log =  0.9301247  
Excluded as outliers:  Hibernate Eclipse HttpUnit  ( 3 / 19 ) 
MMRE =  30.47274  
Pred(25) =  63.1579  
Error range = [ -71.75627 .. 248.1265 ] 
===================================================================== 
DocQuality  vs.  LOC_class ,  NOA_tot  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  0.1924219508 1.662527e-01  1.157406 2.471064e-01 
x1           0.0014126720 5.275031e-04  2.678036 7.405533e-03 
x2          -0.0000996399 2.531320e-05 -3.936283 8.275342e-05 
R2log =  0.948559  
Excluded as outliers:  Xalan Hibernate HttpUnit  ( 3 / 19 ) 
MMRE =  31.78516  
Pred(25) =  63.1579  
Error range = [ -81.32186 .. 255.0391 ] 
===================================================================== 
DocQuality  vs.  eLOC ,  NOA_class  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept)  7.413016e-01 3.290035e-01  2.253173 0.024248259 
x1          -3.728005e-06 1.222559e-06 -3.049345 0.002293412 
x2          -1.489117e-01 6.892028e-02 -2.160637 0.030723365 
R2log =  0.9431522  
Excluded as outliers:  Subversion Perl Xalan HttpUnit Mono  ( 5 / 19 ) 
MMRE =  36.70243  
Pred(25) =  57.89474  
Error range = [ -78.99707 .. 276.6553 ] 
===================================================================== 
DocQuality  vs.  NOC_avg ,  NOA_tot  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  5.463870e-01 1.372017e-01  3.982364 6.823315e-05 
x1          -3.049559e-01 1.218521e-01 -2.502673 1.232594e-02 
x2          -8.543775e-05 2.721482e-05 -3.139383 1.693039e-03 
R2log =  0.947922  
Excluded as outliers:  Xalan Hibernate HttpUnit  ( 3 / 19 ) 
MMRE =  34.08316  
Pred(25) =  63.1579  
Error range = [ -77.22348 .. 273.3272 ] 
===================================================================== 
DocQuality  vs.  NOC_avg ,  NOA_class  
              Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  0.8044595 0.32407454  2.482329 0.0130526853 
x1          -0.4498690 0.12898487 -3.487765 0.0004870751 
x2          -0.1491313 0.06981644 -2.136049 0.0326754179 
R2log =  0.943051  
Excluded as outliers:  Xalan HttpUnit Perl Ant  ( 4 / 19 ) 
MMRE =  31.60297  
Pred(25) =  73.68421  
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Error range = [ -81.7365 .. 251.2494 ] 
===================================================================== 
DocQuality  vs.  NOC_avg ,  num_classes  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  0.7060823999 0.1656047138  4.263661 2.011043e-05 
x1          -0.5725506116 0.1753885502 -3.264470 1.096692e-03 
x2          -0.0005324732 0.0001571871 -3.387512 7.052973e-04 
R2log =  0.9326148  
Excluded as outliers:  Hibernate Eclipse Ant HttpUnit Saxon  ( 5 / 19 
) 
MMRE =  34.41970  
Pred(25) =  63.1579  
Error range = [ -80.54424 .. 257.9454 ] 
===================================================================== 
DocQuality  vs.  NOA_tot ,  NPM_avg  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  0.2245994807 1.588751e-01  1.413686 0.1574541764 
x1          -0.0000931313 2.589538e-05 -3.596445 0.0003225958 
x2           0.0405978728 1.501036e-02  2.704656 0.0068375073 
R2log =  0.9486625  
Excluded as outliers:  Xalan Hibernate HttpUnit  ( 3 / 19 ) 
MMRE =  31.64586  
Pred(25) =  63.1579  
Error range = [ -78.25039 .. 256.1731 ] 
===================================================================== 
DocQuality  vs.  NOA_tot ,  RFC  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  0.2037708259 1.724029e-01  1.181946 2.372273e-01 
x1          -0.0001133860 2.484085e-05 -4.564499 5.006893e-06 
x2           0.0100545146 4.255897e-03  2.362490 1.815264e-02 
R2log =  0.9474826  
Excluded as outliers:  Xalan Hibernate HttpUnit  ( 3 / 19 ) 
MMRE =  34.56141  
Pred(25) =  57.89474  
Error range = [ -85.50784 .. 279.1381 ] 
===================================================================== 
DocQuality  vs.  NOA_class ,  NPM_avg  
               Estimate Std. Error   z value    Pr(>|z|) 
(Intercept)  0.83287778 0.37422666  2.225597 0.026041179 
x1          -0.22498248 0.07930681 -2.836862 0.004555928 
x2           0.04585352 0.01560644  2.938116 0.003302132 
R2log =  0.9307277  
Excluded as outliers:  Xalan HttpUnit Eclipse Hibernate  ( 4 / 19 ) 
MMRE =  35.14279  
Pred(25) =  63.1579  
Error range = [ -89.80825 .. 275.6048 ] 
===================================================================== 
DocQuality  vs.  num_classes ,  NPM_avg  
                 Estimate   Std. Error    z value    Pr(>|z|) 
(Intercept)  0.0529935005 0.1899580552  0.2789747 0.780264204 
x1          -0.0002919926 0.0001329153 -2.1968324 0.028032415 
x2           0.0472390905 0.0157420432  3.0008233 0.002692507 
R2log =  0.9477819  
Excluded as outliers:  Hibernate HttpUnit Struts  ( 3 / 19 ) 
MMRE =  27.30236  
Pred(25) =  68.42105  
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Error range = [ -49.09187 .. 226.4560 ] 
===================================================================== 
DocQuality  vs.  NOM_tot ,  NPM_avg  
                 Estimate   Std. Error    z value    Pr(>|z|) 
(Intercept)  3.596449e-02 0.1852560729  0.1941339 0.846071012 
x1          -2.857308e-05 0.0000132269 -2.1602248 0.030755269 
x2           4.743259e-02 0.0157037320  3.0204659 0.002523861 
R2log =  0.9477115  
Excluded as outliers:  Hibernate Struts HttpUnit  ( 3 / 19 ) 
MMRE =  27.24583  
Pred(25) =  68.42105  
Error range = [ -43.93959 .. 222.248 ] 
===================================================================== 
DocQuality  vs.  CBO ,  DIT ,  NOA_class  
              Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  1.4679609 0.38033337  3.859669 0.0001135407 
x1          -0.1329709 0.04820567 -2.758407 0.0058083843 
x2          -0.3761452 0.12871057 -2.922411 0.0034733269 
x3          -0.1553328 0.06793296 -2.286560 0.0222214979 
R2log =  0.9340693  
Excluded as outliers:  Eclipse Xalan HttpUnit  ( 3 / 19 ) 
MMRE =  36.12909  
Pred(25) =  57.89474  
Error range = [ -99.76374 .. 242.9392 ] 
===================================================================== 
DocQuality  vs.  CBO ,  NOC_avg ,  num_classes  
                Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept)  0.150884770 0.2621948903  0.575468 0.564974825 
x1           0.370464194 0.1747965167  2.119403 0.034056456 
x2          -1.066095579 0.3538385531 -3.012944 0.002587271 
x3          -0.001086714 0.0003436431 -3.162333 0.001565107 
R2log =  0.9180141  
Excluded as outliers:  Eclipse Hibernate Subversion HttpUnit Ant  ( 5 
/ 19 ) 
MMRE =  43.93054  
Pred(25) =  63.1579  
Error range = [ -94.78446 .. 333.0698 ] 
===================================================================== 
DocQuality  vs.  CBO ,  NOA_class ,  RFC  
               Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  1.07322347 0.363923014  2.949040 0.0031876286 
x1          -0.17563569 0.050071589 -3.507692 0.0004520127 
x2          -0.17878535 0.069427891 -2.575123 0.0100204498 
x3           0.01387892 0.004905174  2.829445 0.0046628783 
R2log =  0.9336109  
Excluded as outliers:  Eclipse Xalan HttpUnit  ( 3 / 19 ) 
MMRE =  36.79397  
Pred(25) =  57.89474  
Error range = [ -99.97306 .. 259.4721 ] 
===================================================================== 
DocQuality  vs.  DIT ,  LOC_class ,  NOM_class  
               Estimate Std. Error   z value     Pr(>|z|) 
(Intercept) -1.96285702 0.71285655 -2.753509 0.0058960127 
x1           2.62756194 0.81106284  3.239653 0.0011967535 
x2           0.01393058 0.00365093  3.815626 0.0001358383 
x3          -0.23151450 0.06195684 -3.736706 0.0001864469 
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R2log =  0.9261612  
Excluded as outliers:  Eclipse  ( 1 / 19 ) 
MMRE =  22.3862  
Pred(25) =  68.42105  
Error range = [ -30.01002 .. 103.6979 ] 
===================================================================== 
DocQuality  vs.  DIT ,  eLOC ,  NOA_class  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.811307e+00 4.223608e-01  4.288530 1.798599e-05 
x1          -9.171743e-01 1.780592e-01 -5.150953 2.591665e-07 
x2          -3.549420e-06 1.046773e-06 -3.390820 6.968384e-04 
x3          -1.546001e-01 6.797397e-02 -2.274401 2.294189e-02 
R2log =  0.9491078  
Excluded as outliers:  Xalan HttpUnit  ( 2 / 19 ) 
MMRE =  30.09908  
Pred(25) =  73.68421  
Error range = [ -78.92565 .. 277.8256 ] 
===================================================================== 
DocQuality  vs.  DIT ,  NOA_class ,  num_classes  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept)  1.3189939076 0.3682168555  3.582112 0.000340828 
x1          -0.3460203003 0.1216454179 -2.844499 0.004448129 
x2          -0.1603338021 0.0775052672 -2.068683 0.038575876 
x3          -0.0003808496 0.0001177822 -3.233507 0.001222805 
R2log =  0.9494587  
Excluded as outliers:  Hibernate Xalan HttpUnit  ( 3 / 19 ) 
MMRE =  33.41  
Pred(25) =  68.42105  
Error range = [ -81.75902 .. 290.9034 ] 
===================================================================== 
DocQuality  vs.  LOC_class ,  NOA_class ,  num_classes  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept)  0.8427398100 0.3542733105  2.378784 0.017369834 
x1           0.0015687218 0.0005417703  2.895548 0.003784974 
x2          -0.1699701800 0.0778069667 -2.184511 0.028924715 
x3          -0.0003748264 0.0001180413 -3.175384 0.001496385 
R2log =  0.9496783  
Excluded as outliers:  Hibernate Xalan HttpUnit  ( 3 / 19 ) 
MMRE =  32.85275  
Pred(25) =  68.42105  
Error range = [ -84.36783 .. 286.4350 ] 
===================================================================== 
DocQuality  vs.  NOA_class ,  num_classes ,  NPM_avg  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept)  0.8214573203 0.3556102300  2.309994 0.020888514 
x1          -0.1533069733 0.0770613200 -1.989415 0.046655376 
x2          -0.0003530395 0.0001204523 -2.930950 0.003379272 
x3           0.0436461298 0.0152477646  2.862461 0.004203651 
R2log =  0.9495594  
Excluded as outliers:  Hibernate Xalan HttpUnit  ( 3 / 19 ) 
MMRE =  32.78596  
Pred(25) =  68.42105  
Error range = [ -80.1802 .. 285.1971 ] 
===================================================================== 
DocQuality  vs.  NOA_class ,  num_classes ,  RFC  
                 Estimate   Std. Error   z value     Pr(>|z|) 
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(Intercept)  0.8715757991 0.3556425971  2.450707 0.0142575961 
x1          -0.1720720719 0.0785079572 -2.191779 0.0283954866 
x2          -0.0004412438 0.0001142038 -3.863651 0.0001117048 
x3           0.0108696931 0.0043642178  2.490639 0.0127513447 
R2log =  0.9482047  
Excluded as outliers:  Hibernate Xalan HttpUnit  ( 3 / 19 ) 
MMRE =  35.8614  
Pred(25) =  68.42105  
Error range = [ -84.54491 .. 311.6622 ] 
===================================================================== 
DocQuality  vs.  NOA_class ,  NOM_class ,  NPM_avg  
              Estimate Std. Error   z value     Pr(>|z|) 
(Intercept) -1.0782997 0.56267110 -1.916394 0.0553149209 
x1           0.2023511 0.09336814  2.167240 0.0302165729 
x2          -0.1729703 0.04976842 -3.475503 0.0005098959 
x3           1.7163604 0.65395019  2.624604 0.0086749735 
R2log =  0.9424738  
Excluded as outliers:  Perl Subversion Mono Xalan SpringFramework 
Xerces  ( 6 / 19 ) 
MMRE =  41.7257  
Pred(25) =  52.63158  
Error range = [ -36.73217 .. 162.4956 ] 
===================================================================== 
DocQuality  vs.  DIT ,  LOC_class ,  NOA_tot ,  NOM_class  
                 Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept)  5.709249e+00 2.592978e+00  2.201812 0.02767859 
x1          -7.428913e+00 3.447910e+00 -2.154613 0.03119212 
x2          -4.671239e-02 2.061756e-02 -2.265661 0.02347216 
x3          -3.743203e-05 1.740177e-05 -2.151048 0.03147245 
x4           6.279168e-01 3.076132e-01  2.041255 0.04122553 
R2log =  0.9211576  
Excluded as outliers:  Eclipse HttpUnit Perl Subversion Struts 
JFreeChart  ( 6 / 19 ) 
MMRE =  52.49287  
Pred(25) =  57.89474  
Error range = [ -98.334 .. 451.3785 ] 
===================================================================== 
DocQuality  vs.  LOC_class ,  num_abstract_classes ,  NOM_class ,  
NPM_avg  
                Estimate  Std. Error   z value    Pr(>|z|) 
(Intercept)  0.993515944 0.645614553  1.538869 0.123836386 
x1          -0.041394962 0.013645425 -3.033615 0.002416429 
x2          -0.003491686 0.001745327 -2.000591 0.045436432 
x3           0.461775075 0.176116975  2.621979 0.008742072 
x4          -2.421235992 1.223254319 -1.979340 0.047777758 
R2log =  0.9508642  
Excluded as outliers:  HttpUnit Subversion Perl Mono JasperReports  ( 
5 / 18 ) 
MMRE =  53.28058  
Pred(25) =  72.22222  
Error range = [ -100 .. 452.1754 ] 
===================================================================== 

3.10 Trustworthiness with respect to non Open Source (closed source) 
products 

===================================================================== 
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CssCompetitors  vs.  DIT  
              Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  1.1437290  0.1444319  7.918814 2.397861e-15 
x1          -0.4466761  0.1398885 -3.193086 1.407611e-03 
R2log =  0.935111  
Excluded as outliers:  Mono  ( 1 / 19 ) 
MMRE =  14.49223  
Pred(25) =  78.94737  
Error range = [ -18.27618 .. 51.66207 ] 
===================================================================== 
CssCompetitors  vs.  NOC_avg  
             Estimate Std. Error   z value   Pr(>|z|) 
(Intercept) 0.1726643  0.1944626 0.8879051 0.37459179 
x1          0.5176016  0.2172251 2.3827887 0.01718205 
R2log =  0.8988215  
Excluded as outliers:  Subversion Perl Eclipse  ( 3 / 19 ) 
MMRE =  15.01813  
Pred(25) =  78.94737  
Error range = [ -28.11849 .. 42.41935 ] 
===================================================================== 
CssCompetitors  vs.  DIT ,  NOC_avg  
              Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  1.0349997  0.1350992  7.661035 1.844400e-14 
x1          -0.6883398  0.2126237 -3.237362 1.206404e-03 
x2           0.3893296  0.1950353  1.996201 4.591210e-02 
R2log =  0.9325078  
Excluded as outliers:   ( 0 / 19 ) 
MMRE =  13.75802  
Pred(25) =  84.21053  
Error range = [ -17.21351 .. 47.56928 ] 
===================================================================== 
CssCompetitors  vs.  DIT ,  NPM_avg  
             Estimate Std. Error   z value    Pr(>|z|) 
(Intercept)  4.479621  2.0727501  2.161197 0.030680116 
x1          -5.316160  1.9027273 -2.793968 0.005206561 
x2           2.304726  0.9486427  2.429499 0.015119709 
R2log =  0.9124765  
Excluded as outliers:  Subversion Perl Mono Eclipse JFreeChart  ( 5 / 
19 ) 
MMRE =  18.99531  
Pred(25) =  73.68421  
Error range = [ -35.47561 .. 100 ] 
===================================================================== 
CssCompetitors  vs.  eLOC ,  NOC_avg  
                 Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept)  2.299333e-01 2.086647e-01  1.101927 0.27049330 
x1          -3.395373e-06 1.724595e-06 -1.968795 0.04897664 
x2           7.148023e-01 2.678129e-01  2.669036 0.00760692 
R2log =  0.9320783  
Excluded as outliers:  Subversion Perl Mono  ( 3 / 19 ) 
MMRE =  17.40498  
Pred(25) =  73.68421  
Error range = [ -54.31288 .. 33.74327 ] 
===================================================================== 
CssCompetitors  vs.  NOC_avg ,  NPM_avg  
             Estimate Std. Error   z value   Pr(>|z|) 
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(Intercept) -1.957704  1.0134814 -1.931663 0.05340117 
x1           0.741721  0.3311419  2.239888 0.02509817 
x2           2.092774  0.9600741  2.179805 0.02927195 
R2log =  0.9076888  
Excluded as outliers:  Subversion Perl Mono JFreeChart Eclipse Struts  
( 6 / 19 ) 
MMRE =  20.40786  
Pred(25) =  78.94737  
Error range = [ -20.13194 .. 99.99953 ] 
===================================================================== 
CssCompetitors  vs.  NOM_class ,  NPM_avg  
              Estimate Std. Error   z value   Pr(>|z|) 
(Intercept)  0.8131470  0.4309850  1.886718 0.05919832 
x1          -0.1519168  0.0601533 -2.525494 0.01155358 
x2           1.3859929  0.6986342  1.983861 0.04727139 
R2log =  0.9325387  
Excluded as outliers:  Subversion Perl Mono Struts  ( 4 / 19 ) 
MMRE =  18.75357  
Pred(25) =  73.68421  
Error range = [ -20.89437 .. 99.98653 ] 
===================================================================== 
CssCompetitors  vs.  CBO ,  DIT ,  eLOC  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.752994e+00 3.627305e-01  4.832772 1.346447e-06 
x1           1.550459e-01 6.956129e-02  2.228910 2.581987e-02 
x2          -1.266581e+00 3.396434e-01 -3.729150 1.921270e-04 
x3          -5.303589e-06 1.853458e-06 -2.861457 4.216988e-03 
R2log =  0.9181042  
Excluded as outliers:  Eclipse  ( 1 / 19 ) 
MMRE =  12.75812  
Pred(25) =  84.21053  
Error range = [ -14.12123 .. 51.49709 ] 
===================================================================== 
CssCompetitors  vs.  CBO ,  LOC_class ,  num_classes  
                 Estimate   Std. Error      z value    Pr(>|z|) 
(Intercept) -0.0004707295 0.2735400395 -0.001720880 0.998626937 
x1           0.3312303151 0.1111724404  2.979428301 0.002887868 
x2           0.0020022083 0.0006833384  2.930039252 0.003389192 
x3          -0.0009895835 0.0003246508 -3.048147333 0.002302570 
R2log =  0.9191811  
Excluded as outliers:  Eclipse Hibernate HttpUnit Findbugs Ant  ( 5 / 
19 ) 
MMRE =  19.48783  
Pred(25) =  73.68421  
Error range = [ -87.4929 .. 51.77117 ] 
===================================================================== 
CssCompetitors  vs.  CBO ,  num_classes ,  NPM_avg  
                 Estimate   Std. Error     z value    Pr(>|z|) 
(Intercept) -0.0108418500 0.2733203774 -0.03966719 0.968358464 
x1           0.3577090748 0.1122598365  3.18643859 0.001440361 
x2          -0.0009996757 0.0003250814 -3.07515488 0.002103933 
x3           0.0584237648 0.0192728474  3.03140287 0.002434202 
R2log =  0.9200359  
Excluded as outliers:  Eclipse Hibernate HttpUnit Findbugs Ant  ( 5 / 
19 ) 
MMRE =  19.72963  
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Pred(25) =  73.68421  
Error range = [ -86.94322 .. 53.669 ] 
===================================================================== 
CssCompetitors  vs.  LOC_class ,  eLOC ,  NOM_class  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.696175e+00 4.363672e-01  3.887035 0.0001014761 
x1           4.035776e-03 1.072830e-03  3.761802 0.0001686934 
x2          -3.259009e-06 1.320332e-06 -2.468326 0.0135746777 
x3          -1.152094e-01 4.422591e-02 -2.605021 0.0091868508 
R2log =  0.936664  
Excluded as outliers:  Struts  ( 1 / 19 ) 
MMRE =  11.81559  
Pred(25) =  78.94737  
Error range = [ -15.14697 .. 44.33873 ] 
===================================================================== 
CssCompetitors  vs.  LOC_class ,  NOC_avg ,  NOM_class  
                Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  0.553236729 0.317420629  1.742914 0.0813487087 
x1           0.003977344 0.001042093  3.816687 0.0001352553 
x2           0.615072112 0.243506652  2.525894 0.0115404134 
x3          -0.079461654 0.038487008 -2.064636 0.0389574731 
R2log =  0.9176858  
Excluded as outliers:  Eclipse  ( 1 / 19 ) 
MMRE =  12.41722  
Pred(25) =  84.21053  
Error range = [ -18.10814 .. 40.87262 ] 
===================================================================== 
CssCompetitors  vs.  LOC_class ,  NOM_class ,  NPM_avg  
               Estimate Std. Error   z value    Pr(>|z|) 
(Intercept)  1.08606014 0.69402324  1.564876 0.117612045 
x1           0.02960836 0.01184741  2.499143 0.012449420 
x2          -0.46399279 0.14557734 -3.187260 0.001436277 
x3           2.03649885 0.88416896  2.303292 0.021262447 
R2log =  0.9148677  
Excluded as outliers:  Perl Subversion Mono Struts Eclipse HttpUnit  ( 
6 / 19 ) 
MMRE =  18.19113  
Pred(25) =  73.68421  
Error range = [ -33.26122 .. 100 ] 
===================================================================== 
CssCompetitors  vs.  NOC_avg ,  NOA_tot ,  NPM_avg  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -2.294542e+00 9.060903e-01 -2.532355 0.0113299215 
x1           1.359853e+00 4.011515e-01  3.389874 0.0006992483 
x2          -4.086605e-05 2.003193e-05 -2.040045 0.0413458092 
x3           2.068821e+00 7.478790e-01  2.766251 0.0056704914 
R2log =  0.9436392  
Excluded as outliers:  Perl Subversion Mono JFreeChart Struts Findbugs  
( 6 / 19 ) 
MMRE =  18.60225  
Pred(25) =  68.42105  
Error range = [ -34.97817 .. 99.9989 ] 
===================================================================== 
CssCompetitors  vs.  num_abstract_classes ,  NOA_tot ,  NOA_class  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  2.1165152460 5.472809e-01  3.867329 0.0001100341 
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x1          -0.0218368736 6.900719e-03 -3.164435 0.0015538462 
x2           0.0001840121 7.968543e-05  2.309232 0.0209307374 
x3          -0.3083698590 1.391138e-01 -2.216674 0.0266454002 
R2log =  0.9005944  
Excluded as outliers:  Subversion Mono Ant Hibernate Eclipse  ( 5 / 18 
) 
MMRE =  17.84377  
Pred(25) =  66.66667  
Error range = [ -48.55602 .. 75.72637 ] 
===================================================================== 
CssCompetitors  vs.  num_abstract_classes ,  NOA_class ,  num_classes  
                 Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  1.6912597173 0.442970447  3.817997 0.0001345397 
x1          -0.0217462691 0.006447623 -3.372757 0.0007441951 
x2          -0.2246642012 0.103386669 -2.173048 0.0297766994 
x3           0.0009579255 0.000339281  2.823399 0.0047517453 
R2log =  0.937157  
Excluded as outliers:  Xalan Ant Mono Subversion Hibernate  ( 5 / 18 ) 
MMRE =  19.16762  
Pred(25) =  72.22222  
Error range = [ -79.04625 .. 75.44633 ] 
===================================================================== 
CssCompetitors  vs.  num_abstract_classes ,  num_classes ,  NOM_class  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.7227869456 0.4489647897  3.837243 0.0001244234 
x1          -0.0142765782 0.0061651445 -2.315692 0.0205750707 
x2           0.0005232428 0.0002526464  2.071048 0.0383543169 
x3          -0.0994379792 0.0434188545 -2.290203 0.0220095670 
R2log =  0.9346103  
Excluded as outliers:  Perl Subversion Mono Ant  ( 4 / 18 ) 
MMRE =  13.24973  
Pred(25) =  94.44444  
Error range = [ -18.64748 .. 72.06345 ] 
===================================================================== 
CssCompetitors  vs.  num_abstract_classes ,  num_classes ,  RFC  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.8254993844 0.4005170860  4.557856 5.167834e-06 
x1          -0.0130060884 0.0056245971 -2.312359 2.075790e-02 
x2           0.0004688211 0.0002284782  2.051929 4.017660e-02 
x3          -0.0561115470 0.0176593668 -3.177438 1.485823e-03 
R2log =  0.9328286  
Excluded as outliers:  Subversion Perl Ant  ( 3 / 18 ) 
MMRE =  13.05055  
Pred(25) =  88.88889  
Error range = [ -56.7418 .. 20.09059 ] 
===================================================================== 
CssCompetitors  vs.  num_abstract_classes ,  NOM_tot ,  RFC  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  2.911289e+00 7.317075e-01  3.978761 0.0000692753 
x1          -2.247386e-02 8.099466e-03 -2.774734 0.0055246904 
x2           5.524749e-05 2.561362e-05  2.156958 0.0310089660 
x3          -8.574168e-02 2.453855e-02 -3.494162 0.0004755523 
R2log =  0.9304233  
Excluded as outliers:  Subversion Perl Ant Hibernate Log4J  ( 5 / 18 ) 
MMRE =  16.24853  
Pred(25) =  88.88889  
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Error range = [ -71.30661 .. 23.02565 ] 
===================================================================== 
CssCompetitors  vs.  CBO ,  eLOC ,  NOM_class ,  NPM_avg  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.108287e+00 5.215418e-01  2.125021 0.0335848650 
x1           1.921109e-01 8.850113e-02  2.170717 0.0299525351 
x2          -5.097758e-06 1.707540e-06 -2.985440 0.0028317038 
x3          -1.126090e-01 4.458328e-02 -2.525813 0.0115430948 
x4           1.578174e-01 4.059001e-02  3.888084 0.0001010388 
R2log =  0.9206606  
Excluded as outliers:  Eclipse Struts  ( 2 / 19 ) 
MMRE =  11.5023  
Pred(25) =  84.21053  
Error range = [ -20.07521 .. 51.541 ] 
===================================================================== 
 
 

3.11 Trustworthiness with respect to Open Source products 
===================================================================== 
OssCompetitors  vs.  NOC_avg  
              Estimate Std. Error   z value    Pr(>|z|) 
(Intercept) -0.2082583  0.3356401 -0.620481 0.534941176 
x1           0.9015753  0.3412375  2.642076 0.008239963 
R2log =  0.9091802  
Excluded as outliers:  Subversion Eclipse Perl Struts SpringFramework 
Mono  ( 6 / 19 ) 
MMRE =  15.8684  
Pred(25) =  84.21053  
Error range = [ -39.28659 .. 32.54347 ] 
===================================================================== 
OssCompetitors  vs.  LOC_class ,  NOM_class  
               Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  1.40554604 0.396638942  3.543641 0.0003946421 
x1           0.02660823 0.008778278  3.031145 0.0024362819 
x2          -0.27711737 0.085240042 -3.251023 0.0011499042 
R2log =  0.9140257  
Excluded as outliers:  Perl Subversion Mono Eclipse SpringFramework  ( 
5 / 19 ) 
MMRE =  18.23934  
Pred(25) =  73.68421  
Error range = [ -27.14013 .. 77.58913 ] 
===================================================================== 
OssCompetitors  vs.  DIT ,  LOC_class ,  NPM_avg  
               Estimate  Std. Error   z value    Pr(>|z|) 
(Intercept)  7.48734938 2.663330354  2.811273 0.004934586 
x1          -5.99624197 2.273424476 -2.637537 0.008351043 
x2           0.01789952 0.007064122  2.533863 0.011281276 
x3          -1.53869620 0.531897956 -2.892841 0.003817745 
R2log =  0.9281545  
Excluded as outliers:  Perl SpringFramework Struts Eclipse Weka  ( 5 / 
19 ) 
MMRE =  18.90718  
Pred(25) =  73.68421  
Error range = [ -99.44842 .. 44.58648 ] 
===================================================================== 
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OssCompetitors  vs.  CBO ,  DIT ,  eLOC ,  NPM_avg  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept)  8.557558e+00 2.884176e+00  2.967072 0.003006504 
x1          -4.571151e-01 1.645090e-01 -2.778664 0.005458295 
x2          -8.125457e+00 2.707119e+00 -3.001515 0.002686399 
x3           9.007565e-06 3.766258e-06  2.391649 0.016772894 
x4           2.606437e+00 1.000374e+00  2.605462 0.009175054 
R2log =  0.9181163  
Excluded as outliers:  Eclipse Perl Subversion Mono Saxon 
SpringFramework  ( 6 / 19 ) 
MMRE =  24.14073  
Pred(25) =  73.68421  
Error range = [ -100 .. 77.77778 ] 
===================================================================== 
OssCompetitors  vs.  CBO ,  eLOC ,  NOA_class ,  NOM_class  
                 Estimate   Std. Error   z value   Pr(>|z|) 
(Intercept)  7.526096e-01 4.900212e-01  1.535872 0.12456989 
x1           2.752658e-01 1.171049e-01  2.350592 0.01874357 
x2          -2.859612e-06 1.396508e-06 -2.047688 0.04059054 
x3           2.670564e-01 1.106122e-01  2.414349 0.01576336 
x4          -2.378693e-01 8.511025e-02 -2.794838 0.00519258 
R2log =  0.9118133  
Excluded as outliers:  Eclipse Perl Xalan SpringFramework Subversion 
JFreeChart  ( 6 / 19 ) 
MMRE =  19.54657  
Pred(25) =  73.68421  
Error range = [ -63.92 .. 53.88595 ] 
===================================================================== 
 

3.12 Trustworthiness  
===================================================================== 
Trustworthiness  vs.  CBO  
              Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  1.0898005  0.2500808  4.357793 1.313805e-05 
x1          -0.1206116  0.0562384 -2.144648 3.198103e-02 
R2log =  0.9198285  
Excluded as outliers:  Eclipse Perl Saxon  ( 3 / 19 ) 
MMRE =  17.77963  
Pred(25) =  73.68421  
Error range = [ -99.39152 .. 52.6094 ] 
===================================================================== 
Trustworthiness  vs.  DIT  
             Estimate Std. Error   z value    Pr(>|z|) 
(Intercept)  6.974197   2.322762  3.002545 0.002677323 
x1          -5.725856   2.083825 -2.747762 0.006000347 
R2log =  0.9074196  
Excluded as outliers:  Subversion Perl Mono SpringFramework Eclipse 
Struts  ( 6 / 19 ) 
MMRE =  23.19333  
Pred(25) =  63.1579  
Error range = [ -35.23401 .. 92.12724 ] 
===================================================================== 
Trustworthiness  vs.  eLOC  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  9.044713e-01 1.194857e-01  7.569701 3.740833e-14 
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x1          -2.603099e-06 9.396003e-07 -2.770432 5.598198e-03 
R2log =  0.9370628  
Excluded as outliers:  Perl Subversion HttpUnit  ( 3 / 19 ) 
MMRE =  13.23626  
Pred(25) =  89.47368  
Error range = [ -21.31357 .. 66.54776 ] 
===================================================================== 
Trustworthiness  vs.  NOA_tot  
                Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  8.66779e-01 1.340631e-01  6.465454 1.009952e-10 
x1          -4.33111e-05 2.035776e-05 -2.127498 3.337871e-02 
R2log =  0.9425177  
Excluded as outliers:  Perl HttpUnit Xalan  ( 3 / 19 ) 
MMRE =  13.61876  
Pred(25) =  89.47368  
Error range = [ -23.75661 .. 64.84206 ] 
===================================================================== 
Trustworthiness  vs.  NOM_tot  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.032448e+00 1.679008e-01  6.149156 7.789617e-10 
x1          -3.632595e-05 1.481411e-05 -2.452118 1.420182e-02 
R2log =  0.906677  
Excluded as outliers:  Hibernate Perl Saxon Eclipse HttpUnit 
Subversion  ( 6 / 19 ) 
MMRE =  16.39437  
Pred(25) =  78.94737  
Error range = [ -38.47132 .. 68.59724 ] 
===================================================================== 
Trustworthiness  vs.  RFC  
               Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  1.17351870 0.26169090  4.484370 7.312983e-06 
x1          -0.02734316 0.01247506 -2.191827 2.839203e-02 
R2log =  0.9007448  
Excluded as outliers:  Subversion Perl Eclipse  ( 3 / 19 ) 
MMRE =  14.71718  
Pred(25) =  78.94737  
Error range = [ -31.40370 .. 51.89447 ] 
===================================================================== 
Trustworthiness  vs.  CBO ,  DIT  
              Estimate Std. Error   z value    Pr(>|z|) 
(Intercept)  7.6071625 2.36605573  3.215124 0.001303882 
x1          -0.1465589 0.06215524 -2.357949 0.018376197 
x2          -5.7262202 2.04798543 -2.796026 0.005173526 
R2log =  0.9167052  
Excluded as outliers:  Eclipse Perl Subversion Mono SpringFramework 
Saxon  ( 6 / 19 ) 
MMRE =  25.82200  
Pred(25) =  63.1579  
Error range = [ -99.90245 .. 92.1479 ] 
===================================================================== 
Trustworthiness  vs.  CBO ,  NOC_avg  
              Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  0.9951516 0.25053969  3.972032 7.126224e-05 
x1          -0.2194019 0.07270511 -3.017695 2.547047e-03 
x2           0.6123313 0.26158818  2.340822 1.924136e-02 
R2log =  0.9099186  
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Excluded as outliers:  Eclipse Perl Subversion Saxon  ( 4 / 19 ) 
MMRE =  18.54393  
Pred(25) =  78.94737  
Error range = [ -99.9947 .. 45.6629 ] 
===================================================================== 
Trustworthiness  vs.  NOC_avg ,  NOM_class  
              Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  1.4144994 0.42551450  3.324210 0.0008866951 
x1           0.4605055 0.18572388  2.479517 0.0131560588 
x2          -0.1199083 0.05238826 -2.288840 0.0220886634 
R2log =  0.916493  
Excluded as outliers:  Perl Eclipse Hibernate JFreeChart  ( 4 / 19 ) 
MMRE =  15.77349  
Pred(25) =  84.21053  
Error range = [ -38.98247 .. 41.84654 ] 
===================================================================== 
Trustworthiness  vs.  num_abstract_classes ,  NOM_tot  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  9.800744e-01 1.763134e-01  5.558706 2.717817e-08 
x1           5.363685e-03 2.640211e-03  2.031536 4.220060e-02 
x2          -5.542834e-05 1.860861e-05 -2.978640 2.895307e-03 
R2log =  0.9472414  
Excluded as outliers:  Hibernate Perl Saxon HttpUnit  ( 4 / 18 ) 
MMRE =  16.13976  
Pred(25) =  77.77778  
Error range = [ -38.67931 .. 72.01058 ] 
===================================================================== 
Trustworthiness  vs.  CBO ,  num_classes ,  NOM_class  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept)  1.1238816221 0.3664302478  3.067109 0.002161398 
x1           0.3994356425 0.1634344572  2.444011 0.014524976 
x2          -0.0007405181 0.0002854275 -2.594418 0.009475125 
x3          -0.1255450707 0.0566894116 -2.214612 0.026786684 
R2log =  0.9107728  
Excluded as outliers:  Eclipse Perl Subversion Hibernate HttpUnit 
Xalan  ( 6 / 19 ) 
MMRE =  21.28769  
Pred(25) =  68.42105  
Error range = [ -53.22242 .. 80.83116 ] 
===================================================================== 
Trustworthiness  vs.  CBO ,  LOC_class ,  num_classes ,  NOM_class  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.2361483845 0.3738102688  3.306887 0.0009433888 
x1           0.3708361471 0.1485368880  2.496593 0.0125392802 
x2          -0.0036123567 0.0012017100 -3.006014 0.0026469707 
x3          -0.0005900905 0.0002621771 -2.250733 0.0244024847 
x4          -0.1095336517 0.0508753102 -2.152982 0.0313200552 
R2log =  0.9308123  
Excluded as outliers:  Eclipse Perl Xalan HttpUnit Hibernate  ( 5 / 19 
) 
MMRE =  19.47218  
Pred(25) =  73.68421  
Error range = [ -64.88881 .. 82.64803 ] 
===================================================================== 
Trustworthiness  vs.  CBO ,  eLOC ,  NOA_class ,  NOM_class  
                 Estimate   Std. Error   z value     Pr(>|z|) 
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(Intercept)  1.403783e+00 7.003792e-01  2.004318 4.503600e-02 
x1           3.194640e-01 1.146557e-01  2.786290 5.331520e-03 
x2          -4.616468e-06 1.185942e-06 -3.892660 9.915098e-05 
x3           3.359901e-01 1.076638e-01  3.120735 1.804005e-03 
x4          -3.463321e-01 9.313220e-02 -3.718715 2.002390e-04 
R2log =  0.937181  
Excluded as outliers:  Eclipse Perl Xalan SpringFramework JFreeChart 
Struts  ( 6 / 19 ) 
MMRE =  21.59807  
Pred(25) =  73.68421  
Error range = [ -81.4272 .. 81.27204 ] 
===================================================================== 
Trustworthiness  vs.  CBO ,  NOA_class ,  num_classes ,  NOM_class  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  1.4092283188 0.3864543688  3.646558 0.0002657764 
x1           0.3836338350 0.1552724665  2.470714 0.0134843666 
x2          -0.0998738591 0.0413426434 -2.415759 0.0157024546 
x3          -0.0006656367 0.0002732111 -2.436346 0.0148364874 
x4          -0.1081264903 0.0528521288 -2.045830 0.0407730628 
R2log =  0.9111478  
Excluded as outliers:  Eclipse Perl Subversion HttpUnit Hibernate  ( 5 
/ 19 ) 
MMRE =  17.34947  
Pred(25) =  68.42105  
Error range = [ -38.05296 .. 88.17485 ] 
===================================================================== 
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4 ANALYSIS OF C++ PRODUCTS VS. SPECIFIC CODE MEASURES 

In this section the correlation between subjectively evaluated product qualities 
and static C++ code measures is studied. 

The explanation of the measure names whose meaning is not obvious is given 
in appendix 7.3.  

 

4.1 Reliability 
===================================================================== 
Reliability  vs.  ACC  
               Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  0.91346579 0.19354873  4.719565 2.363497e-06 
x1          -0.08611095 0.03982475 -2.162247 3.059913e-02 
R2log =  0.9525058  
Excluded as outliers:  23 6 33 7  ( 4 / 14 ) 
MMRE =  39.41277  
Pred(25) =  57.14286  
Error range = [ -45.24351 .. 208.9873 ] 
===================================================================== 
===================================================================== 
Reliability  vs.  CBO  
              Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  0.8901774 0.18135041  4.908604 9.172675e-07 
x1          -0.0836722 0.03820374 -2.190157 2.851282e-02 
R2log =  0.9525867  
Excluded as outliers:  23 6 33 7  ( 4 / 14 ) 
MMRE =  38.96113  
Pred(25) =  57.14286  
Error range = [ -45.03412 .. 206.9204 ] 
===================================================================== 
===================================================================== 
Reliability  vs.  Num. attributes per class  
               Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  0.65761181 0.097243743  6.762510 1.356210e-11 
x1          -0.01338205 0.006239805 -2.144626 3.198277e-02 
R2log =  0.945489  
Excluded as outliers:  23 6 33  ( 3 / 14 ) 
MMRE =  33.2816  
Pred(25) =  64.28571  
Error range = [ -36.54978 .. 164.7415 ] 
===================================================================== 
===================================================================== 
Reliability  vs.  eLOC per method ,  Num. attributes per class  
               Estimate  Std. Error   z value    Pr(>|z|) 
(Intercept)  0.34960280 0.142589082  2.451820 0.014213565 
x1           0.02282025 0.008222203  2.775443 0.005512660 
x2          -0.02346744 0.007960171 -2.948107 0.003197262 
R2log =  0.948413  
Excluded as outliers:  23 6  ( 2 / 14 ) 
MMRE =  28.94756  
Pred(25) =  64.28571  
Error range = [ -43.50952 .. 118.5081 ] 
===================================================================== 
===================================================================== 
Reliability  vs.  eLOC per method ,  RFC  
                Estimate  Std. Error   z value   Pr(>|z|) 
(Intercept)  0.328125954 0.149166845  2.199724 0.02782645 
x1           0.022082234 0.009124209  2.420181 0.01551279 
x2          -0.004489265 0.001900828 -2.361741 0.01818932 
R2log =  0.9468959  
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Excluded as outliers:  23 6 21  ( 3 / 14 ) 
MMRE =  32.00535  
Pred(25) =  57.14286  
Error range = [ -31.60512 .. 152.2526 ] 
===================================================================== 

4.2 Usability 
===================================================================== 
Usability  vs.  LCOM  
               Estimate Std. Error   z value     Pr(>|z|) 
(Intercept) -0.43681770 0.14935508 -2.924693 0.0034479655 
x1           0.08995364 0.02365335  3.802997 0.0001429559 
R2log =  0.954874  
Excluded as outliers:  26 23 12 11  ( 4 / 14 ) 
MMRE =  12.99803  
Pred(25) =  78.57143  
Error range = [ -31.04423 .. 48.1741 ] 
===================================================================== 
===================================================================== 
Usability  vs.  Num. attributes per class  
               Estimate Std. Error   z value   Pr(>|z|) 
(Intercept) -0.22204403 0.11586654 -1.916378 0.05531705 
x1           0.01957454 0.00776761  2.520021 0.01173480 
R2log =  0.952939  
Excluded as outliers:  23 11 26 31  ( 4 / 14 ) 
MMRE =  16.01321  
Pred(25) =  85.71429  
Error range = [ -24.89848 .. 52.41722 ] 
===================================================================== 
===================================================================== 
Usability  vs.  Num. attribute per method  
              Estimate Std. Error   z value   Pr(>|z|) 
(Intercept) -0.4913189  0.2228903 -2.204308 0.02750268 
x1           0.3214012  0.1443871  2.225969 0.02601626 
R2log =  0.9513997  
Excluded as outliers:  23 31 26  ( 3 / 14 ) 
MMRE =  15.73335  
Pred(25) =  78.57143  
Error range = [ -31.82454 .. 45.60825 ] 
===================================================================== 
===================================================================== 
Usability  vs.  ACC ,  eLOC  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  8.724003e-01 1.823106e-01  4.785242 1.707811e-06 
x1          -2.192346e-01 4.901286e-02 -4.473001 7.712934e-06 
x2           4.396464e-07 1.850783e-07  2.375462 1.752702e-02 
R2log =  0.9633624  
Excluded as outliers:  23 33 6  ( 3 / 14 ) 
MMRE =  16.19986  
Pred(25) =  78.57143  
Error range = [ -57.2537 .. 64.96081 ] 
===================================================================== 
===================================================================== 
Usability  vs.  ACC ,  Num. methods  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  8.072334e-01 1.762147e-01  4.580965 4.628353e-06 
x1          -2.205313e-01 4.662974e-02 -4.729414 2.251686e-06 
x2           2.289943e-05 8.404434e-06  2.724684 6.436299e-03 
R2log =  0.9644928  
Excluded as outliers:  23 6 33  ( 3 / 14 ) 
MMRE =  16.99904  
Pred(25) =  78.57143  
Error range = [ -52.46419 .. 77.16923 ] 
===================================================================== 
===================================================================== 
Usability  vs.  ACC ,  Num. public methods  



   

 

QualiPSo • 034763 • wd 5.6.2  •  version 3.0, dated 31/01/2011 • Page 102 of 124 

  

                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  8.158145e-01 1.766366e-01  4.618603 3.863314e-06 
x1          -2.235443e-01 4.734560e-02 -4.721543 2.340623e-06 
x2           2.358181e-05 8.657949e-06  2.723718 6.455168e-03 
R2log =  0.964489  
Excluded as outliers:  23 6 33  ( 3 / 14 ) 
MMRE =  17.05076  
Pred(25) =  78.57143  
Error range = [ -52.7305 .. 77.87682 ] 
===================================================================== 
===================================================================== 
Usability  vs.  CBO ,  eLOC  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  8.028734e-01 1.668030e-01  4.813303 1.484562e-06 
x1          -2.003409e-01 4.391046e-02 -4.562487 5.055133e-06 
x2           3.555104e-07 1.720663e-07  2.066124 3.881676e-02 
R2log =  0.9638507  
Excluded as outliers:  23 33 6  ( 3 / 14 ) 
MMRE =  14.58373  
Pred(25) =  78.57143  
Error range = [ -54.84987 .. 60.24986 ] 
===================================================================== 
===================================================================== 
Usability  vs.  CBO ,  Num. methods  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  7.369666e-01 1.650452e-01  4.465241 7.997860e-06 
x1          -1.944938e-01 4.136683e-02 -4.701684 2.580240e-06 
x2           1.724152e-05 7.733264e-06  2.229527 2.577885e-02 
R2log =  0.9642966  
Excluded as outliers:  23 33 6  ( 3 / 14 ) 
MMRE =  16.76150  
Pred(25) =  71.42857  
Error range = [ -49.82752 .. 68.89863 ] 
===================================================================== 
===================================================================== 
Usability  vs.  CBO ,  Num. public methods  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  7.434389e-01 1.649598e-01  4.506788 6.581641e-06 
x1          -1.970393e-01 4.191890e-02 -4.700488 2.595404e-06 
x2           1.782232e-05 7.951941e-06  2.241255 2.500959e-02 
R2log =  0.9643288  
Excluded as outliers:  23 33 6  ( 3 / 14 ) 
MMRE =  16.78464  
Pred(25) =  71.42857  
Error range = [ -50.08411 .. 69.5543 ] 
===================================================================== 

4.3 Portability 
===================================================================== 
Portability  vs.  Num. methods per class  
               Estimate Std. Error   z value     Pr(>|z|) 
(Intercept) -1.16764556 0.25023579 -4.666181 3.068490e-06 
x1           0.06720192 0.01108669  6.061496 1.348615e-09 
R2log =  0.9577369  
Excluded as outliers:  26 12 30 21  ( 4 / 14 ) 
MMRE =  17.95409  
Pred(25) =  64.28571  
Error range = [ -52.7869 .. 43.36979 ] 
===================================================================== 
===================================================================== 
Portability  vs.  LCOM ,  McCabe  
              Estimate Std. Error    z value     Pr(>|z|) 
(Intercept)  0.1377386 0.20605546  0.6684538 5.038439e-01 
x1           0.1053370 0.02571181  4.0968321 4.188425e-05 
x2          -0.1776655 0.07301470 -2.4332841 1.496255e-02 
R2log =  0.9505414  
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Excluded as outliers:  6 12 38 26  ( 4 / 14 ) 
MMRE =  21.25693  
Pred(25) =  71.42857  
Error range = [ -28.87038 .. 101.1187 ] 
===================================================================== 

4.4 How Well Are Functional Requirements Satisfied 
===================================================================== 
Functionality  vs.  ACC  
               Estimate Std. Error    z value    Pr(>|z|) 
(Intercept) -0.09495566 0.15316421 -0.6199598 0.535284240 
x1           0.09262021 0.02938224  3.1522513 0.001620168 
R2log =  0.9519274  
Excluded as outliers:  23 11 31 26  ( 4 / 14 ) 
MMRE =  14.81292  
Pred(25) =  85.71429  
Error range = [ -17.42741 .. 55.07268 ] 
===================================================================== 
===================================================================== 
Functionality  vs.  CBO  
               Estimate Std. Error    z value    Pr(>|z|) 
(Intercept) -0.09479071 0.15298589 -0.6196043 0.535518334 
x1           0.09265841 0.02936296  3.1556217 0.001601564 
R2log =  0.9519462  
Excluded as outliers:  23 11 26 31  ( 4 / 14 ) 
MMRE =  14.96079  
Pred(25) =  85.71429  
Error range = [ -17.44796 .. 55.08617 ] 
===================================================================== 
===================================================================== 
Functionality  vs.  eLOC per method  
               Estimate  Std. Error    z value    Pr(>|z|) 
(Intercept) -0.11039782 0.153035437 -0.7213873 0.470671271 
x1           0.01915716 0.006123815  3.1283050 0.001758176 
R2log =  0.9525849  
Excluded as outliers:  23 26 31  ( 3 / 14 ) 
MMRE =  15.0428  
Pred(25) =  78.57143  
Error range = [ -25.60657 .. 55.52895 ] 
===================================================================== 
===================================================================== 
Functionality  vs.  McCabe  
               Estimate Std. Error   z value    Pr(>|z|) 
(Intercept) -0.07590812  0.1644303 -0.461643 0.644337342 
x1           0.17946645  0.0607990  2.951799 0.003159282 
R2log =  0.950971  
Excluded as outliers:  23 26 11 38  ( 4 / 14 ) 
MMRE =  17.54617  
Pred(25) =  85.71429  
Error range = [ -19.89249 .. 66.49178 ] 
===================================================================== 
===================================================================== 
Functionality  vs.  Num. public methods  
                Estimate   Std. Error  z value   Pr(>|z|) 
(Intercept) 2.191009e-01 1.243452e-01 1.762037 0.07806307 
x1          2.045245e-05 9.340875e-06 2.189565 0.02855580 
R2log =  0.9567552  
Excluded as outliers:  23 6 11  ( 3 / 14 ) 
MMRE =  20.85635  
Pred(25) =  64.28571  
Error range = [ -9.03449 .. 81.73682 ] 
===================================================================== 
===================================================================== 
Functionality  vs.  ACC ,  LCOM  
               Estimate Std. Error   z value   Pr(>|z|) 
(Intercept) -0.35883458 0.26157811 -1.371807 0.17012364 
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x1           0.11846781 0.04668115  2.537808 0.01115490 
x2           0.06219426 0.02739112  2.270600 0.02317123 
R2log =  0.9575212  
Excluded as outliers:  23 11 33  ( 3 / 14 ) 
MMRE =  16.61442  
Pred(25) =  78.57143  
Error range = [ -7.442391 .. 57.07726 ] 
===================================================================== 
===================================================================== 
Functionality  vs.  LCOM ,  Num. attributes per class  
               Estimate Std. Error   z value    Pr(>|z|) 
(Intercept) -0.64751779 0.35211448 -1.838941 0.065923846 
x1           0.33420139 0.10892891  3.068069 0.002154471 
x2          -0.04181575 0.01351686 -3.093599 0.001977443 
R2log =  0.9574533  
Excluded as outliers:  31 23 12 33  ( 4 / 14 ) 
MMRE =  18.42919  
Pred(25) =  71.42857  
Error range = [ -30.94845 .. 62.0385 ] 
===================================================================== 
===================================================================== 
Functionality  vs.  eLOC per method ,  eLOC per class  
                 Estimate   Std. Error    z value    Pr(>|z|) 
(Intercept) -0.1503298185 0.1625709749 -0.9247027 0.355120578 
x1           0.0331825698 0.0092090709  3.6032484 0.000314265 
x2          -0.0008606183 0.0004175914 -2.0609101 0.039311617 
R2log =  0.9565738  
Excluded as outliers:  21 23 26 31  ( 4 / 14 ) 
MMRE =  17.92958  
Pred(25) =  71.42857  
Error range = [ -54.74645 .. 49.00091 ] 
===================================================================== 
===================================================================== 
Functionality  vs.  eLOC per method ,  Num. attributes per class  
               Estimate  Std. Error     z value    Pr(>|z|) 
(Intercept)  0.01291205 0.141025978  0.09155795 0.927049260 
x1           0.02616528 0.007695074  3.40026367 0.000673209 
x2          -0.01654921 0.007586458 -2.18141529 0.029152714 
R2log =  0.9544243  
Excluded as outliers:  23 26  ( 2 / 14 ) 
MMRE =  14.61859  
Pred(25) =  78.57143  
Error range = [ -38.11871 .. 47.51121 ] 
===================================================================== 
===================================================================== 
Functionality  vs.  eLOC ,  Num. methods per class  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -7.861262e-01 3.913439e-01 -2.008786 0.044559821 
x1           1.230460e-06 4.052053e-07  3.036633 0.002392363 
x2           3.567668e-02 1.250492e-02  2.853011 0.004330710 
R2log =  0.9583719  
Excluded as outliers:  23 11 30 21  ( 4 / 14 ) 
MMRE =  19.85899  
Pred(25) =  71.42857  
Error range = [ -27.99154 .. 76.8662 ] 
===================================================================== 
===================================================================== 
Functionality  vs.  McCabe ,  Num. attributes per class  
               Estimate Std. Error    z value     Pr(>|z|) 
(Intercept) -0.08119489 0.15571578 -0.5214301 6.020672e-01 
x1           0.42356272 0.10047029  4.2158008 2.488934e-05 
x2          -0.04761877 0.01204921 -3.9520254 7.749250e-05 
R2log =  0.9625412  
Excluded as outliers:  23 12 27  ( 3 / 14 ) 
MMRE =  15.43948  
Pred(25) =  78.57143  
Error range = [ -56.20872 .. 47.23569 ] 
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===================================================================== 

4.5 Interoperability 
===================================================================== 
Interoperability  vs.  CBO ,  Num. methods per class  
               Estimate Std. Error   z value     Pr(>|z|) 
(Intercept) -0.90223626 0.25261593 -3.571573 0.0003548435 
x1           0.07831970 0.01940581  4.035889 0.0000543960 
x2           0.02287279 0.01104113  2.071599 0.0383028347 
R2log =  0.9531449  
Excluded as outliers:  26 31 30 12  ( 4 / 14 ) 
MMRE =  13.13501  
Pred(25) =  78.57143  
Error range = [ -39.77479 .. 24.05713 ] 
===================================================================== 
===================================================================== 
Interoperability  vs.  LCOM ,  eLOC  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -5.376699e-01 2.236527e-01 -2.404040 0.016215007 
x1           7.824550e-02 2.632056e-02  2.972790 0.002951063 
x2           8.366915e-07 2.570572e-07  3.254885 0.001134383 
R2log =  0.9623516  
Excluded as outliers:  23 11 30 6  ( 4 / 14 ) 
MMRE =  18.56473  
Pred(25) =  71.42857  
Error range = [ -29.90824 .. 80.73459 ] 
===================================================================== 
===================================================================== 
Interoperability  vs.  LCOM ,  Num. public methods  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -3.823804e-01 1.972813e-01 -1.938250 0.052592785 
x1           5.355102e-02 2.453868e-02  2.182311 0.029086614 
x2           2.975123e-05 9.920541e-06  2.998952 0.002709101 
R2log =  0.9610928  
Excluded as outliers:  23 11 6 30  ( 4 / 14 ) 
MMRE =  20.38997  
Pred(25) =  64.28571  
Error range = [ -25.06132 .. 76.19507 ] 
===================================================================== 
===================================================================== 
Interoperability  vs.  eLOC ,  Num. methods per class  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -7.919337e-01 4.051218e-01 -1.954804 0.050606206 
x1           1.281041e-06 4.216898e-07  3.037876 0.002382521 
x2           2.551186e-02 1.217675e-02  2.095129 0.036159496 
R2log =  0.9587668  
Excluded as outliers:  23 11 30 6  ( 4 / 14 ) 
MMRE =  22.17888  
Pred(25) =  71.42857  
Error range = [ -36.45152 .. 93.03068 ] 
===================================================================== 

4.6 Security 
===================================================================== 
Security  vs.  McCabe  
              Estimate Std. Error   z value    Pr(>|z|) 
(Intercept) -0.2073593 0.17560733 -1.180813 0.237677203 
x1           0.1563689 0.06016332  2.599074 0.009347573 
R2log =  0.9576711  
Excluded as outliers:  38 23 6 30  ( 4 / 14 ) 
MMRE =  18.18531  
Pred(25) =  71.42857  
Error range = [ -26.82613 .. 42.62553 ] 
===================================================================== 
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4.7 Performance (in terms of speed) 

No valid model for speed was found. 

4.8 Usefulness of the Product Developer Community 
===================================================================== 
Community  vs.  ACC  
               Estimate Std. Error   z value     Pr(>|z|) 
(Intercept) -0.58740552 0.12962802 -4.531470 5.857456e-06 
x1           0.08234206 0.01777073  4.633578 3.593994e-06 
R2log =  0.9547405  
Excluded as outliers:  31 26  ( 2 / 14 ) 
MMRE =  10.17461  
Pred(25) =  92.85714  
Error range = [ -28.82385 .. 15.61735 ] 
===================================================================== 
===================================================================== 
Community  vs.  CBO  
              Estimate Std. Error   z value     Pr(>|z|) 
(Intercept) -0.5870887 0.12952371 -4.532674 5.824178e-06 
x1           0.0823230 0.01775849  4.635700 3.557322e-06 
R2log =  0.9547553  
Excluded as outliers:  31 26  ( 2 / 14 ) 
MMRE =  10.34233  
Pred(25) =  92.85714  
Error range = [ -28.84201 .. 15.62564 ] 
===================================================================== 
===================================================================== 
Community  vs.  LCOM  
              Estimate Std. Error   z value     Pr(>|z|) 
(Intercept) -0.9732497 0.20630826 -4.717454 2.388147e-06 
x1           0.1259511 0.02479839  5.079002 3.794229e-07 
R2log =  0.954188  
Excluded as outliers:  12 26 30 40  ( 4 / 14 ) 
MMRE =  12.54779  
Pred(25) =  92.85714  
Error range = [ -35.5852 .. 13.62179 ] 
===================================================================== 
===================================================================== 
Community  vs.  eLOC per class  
                Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -0.360054981 0.1489386742 -2.417471 0.015628763 
x1           0.001328723 0.0004110311  3.232658 0.001226443 
R2log =  0.9636467  
Excluded as outliers:  21 38 11 6  ( 4 / 14 ) 
MMRE =  22.64649  
Pred(25) =  71.42857  
Error range = [ -9.006752 .. 113.6507 ] 
===================================================================== 
===================================================================== 
Community  vs.  Num. methods per class  
               Estimate  Std. Error    z value   Pr(>|z|) 
(Intercept)  0.12424641 0.142021759  0.8748406 0.38166062 
x1          -0.01595695 0.008058194 -1.9802146 0.04767942 
R2log =  0.961628  
Excluded as outliers:  23 31 33 6  ( 4 / 14 ) 
MMRE =  13.08653  
Pred(25) =  71.42857  
Error range = [ -28.77573 .. 50.75046 ] 
===================================================================== 
===================================================================== 
Community  vs.  LCOM ,  Num. attributes per class  
               Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept) -0.81447634 0.163799366 -4.972402 6.612831e-07 
x1           0.20005395 0.048581791  4.117879 3.823749e-05 
x2          -0.02424760 0.009896842 -2.450034 1.428426e-02 
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R2log =  0.9612146  
Excluded as outliers:  31 12  ( 2 / 14 ) 
MMRE =  10.11723  
Pred(25) =  85.71429  
Error range = [ -31.12256 .. 34.29227 ] 
===================================================================== 
===================================================================== 
Community  vs.  LCOM ,  Num. classes  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -0.6738207342 2.196017e-01 -3.068377 0.002152251 
x1           0.0814517360 2.671835e-02  3.048532 0.002299622 
x2           0.0001101306 5.278197e-05  2.086520 0.036931562 
R2log =  0.959998  
Excluded as outliers:  23 6  ( 2 / 14 ) 
MMRE =  14.29262  
Pred(25) =  85.71429  
Error range = [ -10.84559 .. 90.38774 ] 
===================================================================== 
===================================================================== 
Community  vs.  LCOM ,  RFC  
                Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept) -0.347267046 0.133464151 -2.601950 0.0092695372 
x1           0.103582841 0.027107852  3.821138 0.0001328373 
x2          -0.003334854 0.001461017 -2.282557 0.0224564786 
R2log =  0.9615928  
Excluded as outliers:  31 6  ( 2 / 14 ) 
MMRE =  11.10023  
Pred(25) =  92.85714  
Error range = [ -11.21702 .. 47.82311 ] 
===================================================================== 
===================================================================== 
Community  vs.  eLOC ,  McCabe  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -5.494036e-01 1.650298e-01 -3.329118 0.0008712148 
x1          -5.096624e-07 2.009426e-07 -2.536358 0.0112012144 
x2           2.659012e-01 6.910741e-02  3.847652 0.0001192554 
R2log =  0.9524312  
Excluded as outliers:  23 38 26  ( 3 / 14 ) 
MMRE =  18.89881  
Pred(25) =  78.57143  
Error range = [ -96.60586 .. 53.85015 ] 
===================================================================== 

4.9 Documentation Quality 
===================================================================== 
DocQuality  vs.  LCOM  
              Estimate Std. Error   z value     Pr(>|z|) 
(Intercept) -1.1761374 0.20640259 -5.698269 1.210303e-08 
x1           0.1543135 0.02493453  6.188746 6.064469e-10 
R2log =  0.951804  
Excluded as outliers:  26 12 40 30  ( 4 / 14 ) 
MMRE =  24.56469  
Pred(25) =  64.28571  
Error range = [ -46.73282 .. 115.0743 ] 
===================================================================== 
===================================================================== 
DocQuality  vs.  LCOM ,  RFC  
                Estimate  Std. Error    z value     Pr(>|z|) 
(Intercept) -0.060281719 0.144657312 -0.4167209 0.6768825977 
x1           0.070364209 0.020671910  3.4038561 0.0006644173 
x2          -0.003189213 0.001244662 -2.5623122 0.0103977803 
R2log =  0.9479979  
Excluded as outliers:  6 26  ( 2 / 14 ) 
MMRE =  31.39738  
Pred(25) =  71.42857  
Error range = [ -13.11330 .. 228.8443 ] 
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===================================================================== 

4.10 Trustworthiness with Respect to Non Open Source (Closed Source) 
Products 

===================================================================== 
CssCompetitors  vs.  Num. attribute per method  
             Estimate Std. Error   z value    Pr(>|z|) 
(Intercept) 0.1967843  0.2788195 0.7057767 0.480326992 
x1          0.5778684  0.2051677 2.8165667 0.004853996 
R2log =  0.9455916  
Excluded as outliers:  38 23 31  ( 3 / 14 ) 
MMRE =  12.82807  
Pred(25) =  92.85714  
Error range = [ -13.75473 .. 55.43068 ] 
===================================================================== 
===================================================================== 
CssCompetitors  vs.  ACC ,  LCOM  
               Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  0.81241367 0.18207248  4.462034 8.118516e-06 
x1           0.11761397 0.04014289  2.929883 3.390893e-03 
x2          -0.09470962 0.04633366 -2.044078 4.094585e-02 
R2log =  0.9458702  
Excluded as outliers:  31 23  ( 2 / 14 ) 
MMRE =  11.81406  
Pred(25) =  78.57143  
Error range = [ -31.08982 .. 42.3786 ] 
===================================================================== 
===================================================================== 
CssCompetitors  vs.  ACC ,  Num. attributes per class  
               Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  0.76021858 0.146926845  5.174130 2.289755e-07 
x1           0.09766702 0.034094393  2.864607 4.175276e-03 
x2          -0.02054296 0.007889923 -2.603695 9.222465e-03 
R2log =  0.9473084  
Excluded as outliers:  23  ( 1 / 14 ) 
MMRE =  10.14672  
Pred(25) =  85.71429  
Error range = [ -13.11653 .. 45.0169 ] 
===================================================================== 
===================================================================== 
CssCompetitors  vs.  ACC ,  Num. methods per class  
               Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  0.90912915 0.201063381  4.521605 6.137255e-06 
x1           0.07146669 0.030381788  2.352287 1.865836e-02 
x2          -0.01990298 0.008380173 -2.375008 1.754856e-02 
R2log =  0.9469983  
Excluded as outliers:  23 31  ( 2 / 14 ) 
MMRE =  10.79340  
Pred(25) =  85.71429  
Error range = [ -19.74199 .. 50.63433 ] 
===================================================================== 
===================================================================== 
CssCompetitors  vs.  ACC ,  RFC  
                Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  0.810252111 0.152721869  5.305410 1.124201e-07 
x1           0.068533460 0.029901800  2.291951 2.190847e-02 
x2          -0.002757649 0.001226429 -2.248520 2.454308e-02 
R2log =  0.9460376  
Excluded as outliers:  23  ( 1 / 14 ) 
MMRE =  11.02680  
Pred(25) =  85.71429  
Error range = [ -9.854596 .. 51.67716 ] 
===================================================================== 
===================================================================== 
CssCompetitors  vs.  CBO ,  Num. attributes per class  
               Estimate  Std. Error   z value     Pr(>|z|) 
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(Intercept)  0.78021113 0.142022476  5.493575 3.938776e-08 
x1           0.09793209 0.034113617  2.870763 4.094830e-03 
x2          -0.02126357 0.008028686 -2.648450 8.086189e-03 
R2log =  0.9473551  
Excluded as outliers:  23  ( 1 / 14 ) 
MMRE =  10.22969  
Pred(25) =  85.71429  
Error range = [ -13.22009 .. 45.6625 ] 
===================================================================== 
===================================================================== 
CssCompetitors  vs.  CBO ,  Num. methods per class  
               Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  0.93804751 0.193806038  4.840136 1.297506e-06 
x1           0.06957322 0.029764967  2.337420 1.941737e-02 
x2          -0.02054070 0.008424547 -2.438196 1.476077e-02 
R2log =  0.9469472  
Excluded as outliers:  23 31  ( 2 / 14 ) 
MMRE =  11.01684  
Pred(25) =  85.71429  
Error range = [ -19.63953 .. 51.79163 ] 
===================================================================== 
===================================================================== 
CssCompetitors  vs.  CBO ,  Num. public methods  
                 Estimate   Std. Error    z value    Pr(>|z|) 
(Intercept) -2.254925e-01 3.441033e-01 -0.6553046 0.512271635 
x1           2.056646e-01 6.258897e-02  3.2859561 0.001016368 
x2           2.667686e-05 1.132542e-05  2.3554859 0.018498500 
R2log =  0.947548  
Excluded as outliers:  23 11 33 31  ( 4 / 14 ) 
MMRE =  10.88707  
Pred(25) =  85.71429  
Error range = [ -20.11094 .. 37.30294 ] 
===================================================================== 
===================================================================== 
CssCompetitors  vs.  CBO ,  RFC  
                Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  0.826363527 0.147495173  5.602648 2.111017e-08 
x1           0.067873751 0.029615757  2.291812 2.191649e-02 
x2          -0.002831636 0.001236111 -2.290763 2.197714e-02 
R2log =  0.9460443  
Excluded as outliers:  23  ( 1 / 14 ) 
MMRE =  11.09106  
Pred(25) =  85.71429  
Error range = [ -9.608151 .. 52.41336 ] 
===================================================================== 
===================================================================== 
CssCompetitors  vs.  LCOM ,  Num. classes  
                 Estimate   Std. Error    z value    Pr(>|z|) 
(Intercept) -0.1206910277 3.243335e-01 -0.3721201 0.709803440 
x1           0.1054928918 3.750434e-02  2.8128184 0.004910938 
x2           0.0002092773 6.682759e-05  3.1315997 0.001738568 
R2log =  0.9507166  
Excluded as outliers:  23 6 40 30  ( 4 / 14 ) 
MMRE =  12.01640  
Pred(25) =  78.57143  
Error range = [ -20.59733 .. 31.36449 ] 
===================================================================== 
===================================================================== 
CssCompetitors  vs.  eLOC per method ,  Num. attributes per class  
               Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  0.80183742 0.145301133  5.518453 3.419977e-08 
x1           0.03260312 0.009422386  3.460177 5.398205e-04 
x2          -0.04501317 0.012269553 -3.668688 2.437979e-04 
R2log =  0.9509458  
Excluded as outliers:  23 11  ( 2 / 14 ) 
MMRE =  12.21157  
Pred(25) =  78.57143  
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Error range = [ -51.63936 .. 37.34865 ] 
===================================================================== 
===================================================================== 
CssCompetitors  vs.  eLOC per method ,  Num. methods per class  
               Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  0.95394789 0.190135942  5.017189 5.243308e-07 
x1           0.01605134 0.006908994  2.323252 2.016560e-02 
x2          -0.02551988 0.008850982 -2.883283 3.935538e-03 
R2log =  0.945248  
Excluded as outliers:  23 31 40  ( 3 / 14 ) 
MMRE =  12.43937  
Pred(25) =  85.71429  
Error range = [ -25.64484 .. 51.77958 ] 
===================================================================== 
===================================================================== 
CssCompetitors  vs.  eLOC per method ,  RFC  
               Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  0.80377663 0.146377383  5.491126 3.993797e-08 
x1           0.01996342 0.007856225  2.541095 1.105058e-02 
x2          -0.00399077 0.001436051 -2.778989 5.452843e-03 
R2log =  0.946928  
Excluded as outliers:  23  ( 1 / 14 ) 
MMRE =  11.40184  
Pred(25) =  85.71429  
Error range = [ -21.8786 .. 52.13241 ] 
===================================================================== 
===================================================================== 
CssCompetitors  vs.  McCabe ,  Num. attributes per class  
               Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  0.65900945 0.17663946  3.730817 0.0001908600 
x1           0.37306403 0.11494886  3.245478 0.0011725351 
x2          -0.05943443 0.01651706 -3.598366 0.0003202233 
R2log =  0.9491308  
Excluded as outliers:  23 11 12  ( 3 / 14 ) 
MMRE =  12.39782  
Pred(25) =  85.71429  
Error range = [ -58.62359 .. 34.73436 ] 
===================================================================== 
===================================================================== 
CssCompetitors  vs.  McCabe ,  Num. methods per class  
               Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  0.92696071 0.204470613  4.533467 5.802342e-06 
x1           0.13232514 0.062069741  2.131878 3.301684e-02 
x2          -0.02696131 0.009139742 -2.949898 3.178785e-03 
R2log =  0.9444082  
Excluded as outliers:  23 31 40  ( 3 / 14 ) 
MMRE =  12.73944  
Pred(25) =  85.71429  
Error range = [ -25.52103 .. 53.4052 ] 
===================================================================== 
===================================================================== 
CssCompetitors  vs.  Num. attributes per class ,  Num. attribute per 
method  
               Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  0.36109339 0.24855162  1.452790 1.462820e-01 
x1          -0.05406766 0.01335819 -4.047531 5.176084e-05 
x2           0.82088517 0.22949849  3.576865 3.477394e-04 
R2log =  0.9538842  
Excluded as outliers:  23 11 33 31  ( 4 / 14 ) 
MMRE =  13.93870  
Pred(25) =  78.57143  
Error range = [ -53.65518 .. 36.72223 ] 
===================================================================== 

4.11 Trustworthiness with Respect to Open Source Products 
===================================================================== 
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OssCompetitors  vs.  eLOC per method  
              Estimate Std. Error  z value    Pr(>|z|) 
(Intercept) 0.23408088 0.17720754 1.320942 0.186520706 
x1          0.02176670 0.00753464 2.888885 0.003866108 
R2log =  0.9386403  
Excluded as outliers:  38 23 26 40  ( 4 / 14 ) 
MMRE =  13.03507  
Pred(25) =  85.71429  
Error range = [ -18.60721 .. 55.40829 ] 
===================================================================== 
===================================================================== 
OssCompetitors  vs.  McCabe  
             Estimate Std. Error  z value   Pr(>|z|) 
(Intercept) 0.3173418 0.18393871 1.725258 0.08448094 
x1          0.1395156 0.06310081 2.210996 0.02703614 
R2log =  0.9462933  
Excluded as outliers:  38 23 40  ( 3 / 14 ) 
MMRE =  14.45781  
Pred(25) =  85.71429  
Error range = [ -17.11461 .. 65.59923 ] 
===================================================================== 
===================================================================== 
OssCompetitors  vs.  Num. attribute per method  
               Estimate Std. Error    z value    Pr(>|z|) 
(Intercept) -0.09565536  0.2669680 -0.3583028 0.720116745 
x1           0.58951143  0.1957686  3.0112673 0.002601597 
R2log =  0.94848  
Excluded as outliers:  38 23 31 40  ( 4 / 14 ) 
MMRE =  15.30319  
Pred(25) =  85.71429  
Error range = [ -15.24604 .. 77.54009 ] 
===================================================================== 
===================================================================== 
OssCompetitors  vs.  ACC ,  eLOC  
                 Estimate   Std. Error   z value    Pr(>|z|) 
(Intercept) -3.193124e-01 2.081705e-01 -1.533899 0.125054607 
x1           9.512686e-02 3.237944e-02  2.937878 0.003304666 
x2           8.237929e-07 2.591264e-07  3.179116 0.001477248 
R2log =  0.95981  
Excluded as outliers:  23 11 31 30  ( 4 / 14 ) 
MMRE =  10.40612  
Pred(25) =  85.71429  
Error range = [ -25.19403 .. 30.04013 ] 
===================================================================== 
===================================================================== 
OssCompetitors  vs.  ACC ,  Num. attributes per class  
               Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  0.40655808 0.141819950  2.866720 0.0041474982 
x1           0.11792319 0.033468869  3.523369 0.0004260971 
x2          -0.02172221 0.008016072 -2.709832 0.0067317293 
R2log =  0.9510754  
Excluded as outliers:  23 40  ( 2 / 14 ) 
MMRE =  9.966128  
Pred(25) =  92.85714  
Error range = [ -9.989877 .. 42.72601 ] 
===================================================================== 
===================================================================== 
OssCompetitors  vs.  CBO ,  eLOC per class  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept)  0.4122575172 0.1599775821  2.576971 0.0099670443 
x1           0.1210676594 0.0366927598  3.299497 0.0009685818 
x2          -0.0009670465 0.0004085868 -2.366808 0.0179422378 
R2log =  0.9512633  
Excluded as outliers:  23 40 21 31  ( 4 / 14 ) 
MMRE =  14.42386  
Pred(25) =  85.71429  
Error range = [ -46.46329 .. 61.37502 ] 
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===================================================================== 
===================================================================== 
OssCompetitors  vs.  CBO ,  eLOC  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -3.248452e-01 2.096827e-01 -1.549223 0.1213281834 
x1           9.346898e-02 3.184942e-02  2.934716 0.0033385348 
x2           8.819743e-07 2.604953e-07  3.385759 0.0007098181 
R2log =  0.9598142  
Excluded as outliers:  23 11 31 30  ( 4 / 14 ) 
MMRE =  10.44114  
Pred(25) =  85.71429  
Error range = [ -25.15033 .. 31.33668 ] 
===================================================================== 
===================================================================== 
OssCompetitors  vs.  CBO ,  Num. attributes per class  
               Estimate  Std. Error   z value     Pr(>|z|) 
(Intercept)  0.43318339 0.137728419  3.145200 1.659735e-03 
x1           0.14770516 0.036059105  4.096196 4.199944e-05 
x2          -0.02946704 0.008659143 -3.402997 6.665095e-04 
R2log =  0.9566234  
Excluded as outliers:  23 40 27  ( 3 / 14 ) 
MMRE =  10.08933  
Pred(25) =  78.57143  
Error range = [ -7.82335 .. 36.42596 ] 
===================================================================== 
===================================================================== 
OssCompetitors  vs.  LCOM ,  eLOC  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -4.447879e-01 2.377248e-01 -1.871021 0.0613422130 
x1           9.701718e-02 2.750497e-02  3.527260 0.0004198839 
x2           1.183040e-06 3.453409e-07  3.425716 0.0006131823 
R2log =  0.9529247  
Excluded as outliers:  23 11 30 26  ( 4 / 14 ) 
MMRE =  11.17179  
Pred(25) =  78.57143  
Error range = [ -25.99168 .. 35.10325 ] 
===================================================================== 
===================================================================== 
OssCompetitors  vs.  LCOM ,  Num. classes  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -0.3511150900 2.355584e-01 -1.490565 0.1360757260 
x1           0.1065373057 2.950291e-02  3.611078 0.0003049269 
x2           0.0001958606 5.563282e-05  3.520595 0.0004305802 
R2log =  0.95833  
Excluded as outliers:  6 23 30  ( 3 / 14 ) 
MMRE =  11.79174  
Pred(25) =  85.71429  
Error range = [ -21.57931 .. 44.4996 ] 
===================================================================== 
===================================================================== 
OssCompetitors  vs.  LCOM ,  RFC  
                Estimate  Std. Error    z value     Pr(>|z|) 
(Intercept) -0.145063140 0.160047281 -0.9063768 3.647365e-01 
x1           0.187438475 0.031621691  5.9275285 3.075280e-09 
x2          -0.003993762 0.001455453 -2.7439995 6.069563e-03 
R2log =  0.9586327  
Excluded as outliers:  31 12 30  ( 3 / 14 ) 
MMRE =  11.48521  
Pred(25) =  92.85714  
Error range = [ -20.73418 .. 74.66464 ] 
===================================================================== 
===================================================================== 
OssCompetitors  vs.  eLOC per method ,  Num. attributes per class  
               Estimate Std. Error   z value     Pr(>|z|) 
(Intercept)  0.59804881 0.16652342  3.591380 0.0003289321 
x1           0.02357554 0.01057863  2.228600 0.0258405490 
x2          -0.04001477 0.01205332 -3.319812 0.0009007799 
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R2log =  0.9524063  
Excluded as outliers:  23 11 33 40  ( 4 / 14 ) 
MMRE =  15.28894  
Pred(25) =  78.57143  
Error range = [ -53.70027 .. 38.27468 ] 
===================================================================== 

4.12 Trustworthiness 
===================================================================== 
Trustworthiness  vs.  ACC  
              Estimate Std. Error   z value     Pr(>|z|) 
(Intercept) 0.04322005 0.15431496 0.2800769 7.794185e-01 
x1          0.11088778 0.02812860 3.9421725 8.074688e-05 
R2log =  0.9534642  
Excluded as outliers:  23 31 26 27  ( 4 / 14 ) 
MMRE =  13.12188  
Pred(25) =  92.85714  
Error range = [ -24.00001 .. 70.41757 ] 
===================================================================== 
===================================================================== 
Trustworthiness  vs.  CBO  
              Estimate Std. Error   z value     Pr(>|z|) 
(Intercept) 0.04383213 0.15413018 0.2843838 7.761163e-01 
x1          0.11081394 0.02809886 3.9437164 8.022853e-05 
R2log =  0.9534742  
Excluded as outliers:  23 26 31 27  ( 4 / 14 ) 
MMRE =  13.27053  
Pred(25) =  92.85714  
Error range = [ -24.01627 .. 70.28749 ] 
===================================================================== 
===================================================================== 
Trustworthiness  vs.  LCOM ,  Num. classes  
                 Estimate   Std. Error   z value     Pr(>|z|) 
(Intercept) -0.8795987366 3.018419e-01 -2.914104 3.567112e-03 
x1           0.1795246487 3.523546e-02  5.094999 3.487435e-07 
x2           0.0003059096 6.165806e-05  4.961389 6.999080e-07 
R2log =  0.9565812  
Excluded as outliers:  6 23 40 30  ( 4 / 14 ) 
MMRE =  14.07461  
Pred(25) =  92.85714  
Error range = [ -19.56384 .. 76.62689 ] 
===================================================================== 
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5 CONCLUSIONS 

The activities reported above were largely successful, in the sense that they 
identified the existence of several statistically valid models of the subjective 
qualities as functions of the internal, objectively measurable qualities. 

For both Java and C++ products, we were able to find several statistically 
significant correlations. In particular, we were able to find at least one 
correlation for every subjective quality evaluated by means of questionnaires. In 
other words, we have a quantitative model for every quality.  

5.1 Usage of the results 

The main result of the activity reported in this document does not consist just in 
having found that relationships exist between trustworthiness (and other 
perceived qualities) and objectively measurable characteristics of the OSS. A 
really important point is that we were able to quantify the nature of these 
relationships. 

The quantitative knowledge of the relationships can be beneficial to both the 
users and the developers of OSS: 

• The users can rely on the measures of the software in order to estimate to 
what extent a given OSS product can be expected to satisfy a given quality 
aspect (e.g., reliability). In this way, the potential users can get a rough 
evaluation of OSS without the need to even try the product. 

• Developers can derive from their client satisfaction targets (i.e. to what 
extent users will be satisfied with a given quality of their OSS product) into 
threshold of quality metrics that must be met by their code.  

The procedure for using the quantitative knowledge of relations is exemplified 
below, considering the dependency of Portability on the average number of 
children of classes in Java products. The equation that describes the correlation 
found is the following: 

 

For users the procedure is simple: given a Java product, if its average number 
of children per class is 0.8 then a user can expect that the product’s portability 
will be satisfactory with probability around 60%, i.e., 60% of the user will be 

satisfied with the product’s portability. In fact, . 

Instead, if the average number of children per class is 1.4, then the user can 
expect that the product’s portability will be satisfactory with probability around 

65%. In fact,  . 

Figure 7 shows the relation between portability and NOC, highlighting the 
values of portability for NOS = 0.8 and NOC = 1.4. 
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Figure 7. Portability vs. NOC (number of children) for Java products.  

For developers the procedure is reversed, since they have to establish what is 
the minimum value of NOC to achieve a target portability probability. By solving 
with respect to NOC the equation that describes the relation between portability 
and NOC we get: 

 

If the goal of the developer is that the product is considered trustworthy by over 
55% of the users, he/she must aim at an average NOC greater than 0.44. In 

fact, . 

In this sense, NOC=0.44 can be seen as a “threshold” below which developers 
should not take their code. 

Other thresholds may be established too, by users and developers alike. For 
instance, one may decide that a product’s quality is  

• “good” if the product’s portability is expected to be rated satisfactory by at 
least 75% of users 
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• “acceptable” if the product’s portability is expected to be rated 
satisfactory by 25% to 75% of users 

• “poor” if the product’s portability is expected to be rated satisfactory by at 
most 25% of users. 

By solving the logistic regression formula for the value of the objectively 
measurable characteristic and substituting 0.75 and 0.25, one obtains the 
threshold values for the objectively measurable characteristic that correspond to 
the 75% and 25% values of satisfied users, so one finds the thresholds on the 
range of the objectively measurable characteristic. For instance, these 
thresholds can be displayed by Spago4Q, which is used for result visualization 
in our tool set. 

In conclusion, our analyses let users and developers perform the needed 
evaluations on the basis of clear quantitative data. 

5.2 Improvements over the state of the art 

We also would like to point out that we used the theoretically sound way to build 
models belonging to MOSST, which are relevant to developers and users (e.g., 
reliability, usability, portability, etc. as listed in Section 0). All of these 
characteristics are classified as “external” software qualities, as opposed to 
“internal” software quality in the experimental software engineering literature 
[31]: 

• an “internal” quality of a software product can be quantified based on the 
knowledge of the software product alone. For instance, one can measure 
software size based only on the source code. An “internal” software 
quality has no practical interest per se, but it can be used to predict some 
interesting product (e.g., fault proneness) or process (e.g., effort) quality. 
“Internal” software qualities are usually easy to measure, possibly with 
the aid of automated tools. 

• an “external” quality of a software product can only be quantified based 
on the knowledge of the software product and additional information. For 
instance, one cannot measure software usability based only on the 
source code or its user interface, as usability also depends on the skills 
and knowledge of specific users and the way they interact with the 
product. “External” software qualities are practically relevant, though it is 
commonly said that they are usually very hard to measure (and even 
define). 

However, the distinction between “internal” and “external” qualities is entirely 
peculiar to the software measurement literature. No such distinction exists in the 
authoritative general references on measurement [32][33][34]. So, this 
distinction between “internal” and “external” qualities in software engineering 
literature can be only accepted as an illustration convention used to explain the 
differences in the nature of software qualities and somehow organize them in 
categories. 

At any rate, the authoritative, foundational work on measurement already shows 
how these “external” qualities can be measured. Technically, this is carried out 
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via so-called “Probability Representations.” From a practical point of view, this 
amounts to measuring “external” qualities via prediction models based on 
“internal” qualities, as we have shown elsewhere [35]and done in our work here, 
as MOSST is the ensemble of a set of prediction models. 

Thus, our approach is different from other approaches that have been used in 
the quantification of qualities of OSS, like OpenBRR [37], QSOS [36], OSMM 
[38], OpenBQR [39], which are typically based on weighted sums of directly 
measurable characteristics. However, these models are not theoretically valid, 
nor are they validatable, as they provide a definition of a quality. From a 
practical point of view, these models do not provide any reliable indication on 
whether the directly measurable characteristics they use actually influence the 
qualities of interest, nor on the values for the weights of the directly measurable 
characteristics. So, the choice of directly measurable characteristics and the 
values used for their weights are fairly subjective, and, as a result, so is the 
definition of the quality. Instead, the solid statistical analysis used in MOSST 
shows which directly measurable characteristics are truly influential on the OSS 
qualities of interest and which weights should be used, based on an extensive 
set of data coming from the field and not on some fairly subjective analysis. 

So, unlike existing quality models for OSS, MOSST is built by means of a 
theoretically valid approach and solid statistical techniques that use evidence 
coming from OSS stakeholders and the analysis of actual OSS products and 
projects. We collected data from 694 OSS stakeholders and obtained 4101 
evaluations on 22 Java and 22 C++ programs. This has allowed us to build 
statistically valid models to quantitatively predict the impact of objectively 
observable characteristics of OSS products and projects on qualities of practical 
interest, instead of collecting only data on objectively observable qualities of the 
code that may only be conjectured to influence qualities of practical interest. 
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7 APPENDIXES 

7.1 The logistic function 

The logistic function is defined as follows: 

 

The variable z is usually defined as  . 

A graph of the function is shown in Figure 8. Note that when z is inversely 
proportional to X, the function starts at one and decreases towards zero. 

f(z) is used to estimate a dichotomous dependent variable Y (i.e., a response 
variable that can only take two values a and b). f(z) is the probability that Y = a 
(therefore 1-f(z) is the probability that Y = b). In our case, we want to estimate 
the probability that a user was or was not satisfied with the trustworthiness of an 
OSS product. 
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Figure 8. The logistic function. 

Logistic regression has many analogies to linear regression. Unlike the latter, 
however, logistic regression does not assume linearity of relationship between 
the independent variables and the dependent, does not require normally 
distributed variables, does not assume homoscedasticity, and in general has 
less stringent requirements. It does, however, require that observations be 
independent and that the independent variables be linearly related to the logit of 

the dependent variable ( ). 
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The logistic curve, illustrated in Figure 8, is better for modelling binary 
dependent variables coded 0 or 1 because it comes closer to hugging the y=0 
and y=1 points on the y axis. Even more, the logistic function is bounded by 0 
and 1, whereas the linear regression function may predict values above 1 and 
below 0. 

You may have noticed that the correlations reported in the paper do not look S-
shaped like Figure 8. The reason is that our correlations are defined for a 
relatively small interval of values of the independent variables.  

Consider for instance the function  which is 

reported in Figure 7, limitedly to the 0..1.4 range. The same function, plotted for 
whole x axis is reported in Figure 9. The highlighted region corresponds to the 
portion of the function illustrated in Figure 7. It is easy to see that in such region 
the function is approximately linear. 
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Figure 9. The logistic function  

7.2 Elementary Code Assessment Rules 

We checked the ability of the chosen OSS products to satisfy a set of rules that 
are measurable via code static analysis and purport to indicate the probability of 
run-time errors. We checked whether the number of rule violations is actually 
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statistically correlated with the quality of the OSS products, as reported by 
users. 

Elementary Code Assessment (ECA) is a pragmatic approach for providing a 
quick estimate of the internal quality of a software product with little effort. ECA 
provides software quality evaluations with less time and effort than other 
techniques. However, ECA is simpler than most existing techniques, so it may 
also provide less information. This simplification is highlighted by the term 
“elementary” in the name of the approach. Also, ECA takes into account only 
the “internal” quality of a software product and thus excludes “external” qualities 
such as usability and performance. 

The ECA approach, originally developed for internal use within Siemens AG 
[28], was then refined and broadened to support the needs of the evaluation of 
OSS products. A small set of rules and measures, which can be evaluated by 
means of software tools, was defined for C/C++ and Java. The rules were 
defined by a team of experts who have many years of experience in the areas 
of software review, static analysis tool application, design and implementation, 
as well as in the creation of coding guidelines in various application areas. The 
team of experts focused on a few rules whose violation had been often 
observed to be connected with serious errors. Clearly, the ECA approach may 
not detect all problems, but it may help find significant defects [30]. Despite 
being based on static analysis, ECA rules address the run-time behavior of the 
software and the likelihood of run-time errors. The set of measures obtained 
can be used to estimate the internal quality of OSS products in many domains, 
without requiring special customization and tuning of the set.  

The set of ECA measures can be automatically quantified through simple 
configurations of well-known static analysis tools, such as PC-lint [26], SISSy 
[27], Findbugs [28] and PMD [23]. In the work reported here, we selected the 
subset of rules evaluated by PMD, and we focused on OSS Java products. 
PMD is an OSS tool that scans Java source code and looks for potential causes 
of correctness, readability, modifiability, and efficiency problems in the program 
[23], such as empty try statements, unused local variables, unused parameters, 
unused private methods, wasteful string or buffer usage, duplicate code. In the 
context of QualiPSo, PMD has been integrated into our static analysis tool 
MacXim [25][24], which we used to analyze the OSS Java products and 
compute the subset of ECA measures. 

The ECA rules are the following (in PMD terminology): 
1. Avoid Catching Throwable 
2. Constructor Calls Overridable Method 
3. Class Naming Conventions 
4. Empty Catch Block 
5. Excessive Class Length 
6. Excessive Method Length 
7. For Loops Must Use Braces 
8. If Else Statements Must Use Braces 
9. If Statements Must Use Braces 
10. Missing Break In Switch 
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11. Override Both Equals And Hashcode 
12. Unused Private Field 
13. Unused Private Method 
14. Switch Statements Should Have Default 
15. Use Equals To Compare Strings 
16. While Loops Must Use Braces 

7.3 Measure names and definitions 

A few metrics are named differently in different contexts. The following table 
provides the napping of metrics names and definitions.  

 

MOSST KALIBRO definition Type 

RFC rfc Response For a Class per Class 

ACC acc Afferent Connections per Class per Class 

CBO cbo Coupling Between Objects per Class 

LCOM lcom4 Lack of Cohesion of Methods per Class 

eLOC total_loc Total Lines of Code sum/total 

eLOC per Class loc Lines of Code per Class per Class 

eLOC per Method amloc Average Method LOC per Class 

McCabe accm Average Cyclomatic Complexity per Method per Class 

Num. Classes total_modules total_modules - Total Number of Modules sum/total 

Num. Attributes per 
Class 

noa Number of Attributes per Class 

Num. Methods per 
Class 

nom Number of Methods per Class 

NOC noc Number of Children per Class 

Num. Methods total_nom total_nom - Total Number of Methods sum/total 

Num. Attributes per 
Method 

anpm Average Number of Parameters per Method per class 

 

 


