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Abstract  Simulation validation techniques which have been employed in most studies are statistical analysis,
which validate a model with mean or variance of throughput and resource utilization as an evaluation object.
However, these methods have not been able to ensure the reliability of individual elements of the model well.
To overcome the problem, the weighted F-measure method was proposed, but this technique also had some
limitations. First, it is difficult to apply the technique to complex system environment with numerous values of
interarrival time because it assigns a class to an individual value of interarrival time. In addition, due to
unbounded weights, the value of weighted F-measure has no lower bound, so it is difficult to determine its
threshold. Therefore, this paper propose weighted F-measure technique with cluster analysis to solve these
problems. The classes for the technique are defined by each cluster, which reduces considerable number of
classes and enables to apply the technique to various systems. Moreover, we improved the validation technique
in the way of assigning minimum bounded weights without any lack of objectivity.
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[Table 1] Statistical techniques for the validation of
simulation model

Analysis of variance(ANOVA)
Confidence intervals/regions

Nonparametric goodness-of-fit tests
¢ Kolmogorov-Smirnov Test
Chi-square Test

Nonparametric tests of means
¢ Mann-Whitney-Wilcoxon Test
Analysis of Paired Observations

Regression analysis
Theil’s inequality coefficient
t-Test

Time series analysis

* Spectral Analysis
Schruben’s standardized time-series analysis
Intervention Analysis
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[Fig. 2] Confusion matrix for the application of F-measure
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[E 2] X-means &11E]|&
[Table 2] X-means algorithm

ermals

1 k = 1; //number of clusters
2 p_score=— co; [[previous score

3 c_score = evaluate_BIC(data,k); //current score
4 p_mean = mean(data); //previous mean
5

6 while c_score>p_score

7 p_score=c_score

8 for cl=1 to k // cluster index

9 pca=do_pca(data(cl)); //local split direction

10

11 for sd = 1 to data_dimension

//split direction
12 c_mean=remove(p-mean,cl);
//remove one cluster
13 c_mean=
add_mean(c_mean,c_mean =+ pca(sd));
//add n clusters

14 s_mean(cl,sd)=
K_means(data(cl),c_mean,2);
//split

15 s_score(cl,sd)=
evaluate_BIC(data,k+1,s-mean(cl,sd));
//evaluate

16 end;

17 end;

18

19 [c_score,c_mean]=max(s_score,s-mean);

20 if c_score>p_score

21 k=k+1; //increse the number of clusters

22 p_mean=K_means(data,c_means,k+1);

23 else

24 break;

25 end;

26 end;

27

28 return p_mean;
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[Fig. 7] X-means clustering analysis
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[Table 6] Measure of the initial model
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[Table 7] The initial model validation by other methods
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[Table 8] Confusion matrix of the modified model
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[Table 10] Confusion matrix of the final model
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