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Multiple analyses should be performed any time relevant modifications in 
customers demand or system’s structure occur. With respect to the heuristic 
approach proposed by Izquierdo et al [2010], based on multi-agents, our strategy 
is independent on the number of supply sources. 
 

 
Figure 1. Number of pipelines with a valve linking different districts, depending on 
the relevance of homogeneity for a 4 and 10 districts sectorization, separately.  
 
 
5.2 Computational results on leak localization  
 
For experimental validation we have adopted a setting based on a 6 districts 
partition, with pressure monitored at the entry point of each district. Flow variations 
are measured only at the pumping system, unique in the case study: no further 
tanks are installed. Thus, scenarios are represented by seven features. 
The total number of scenarios that have been generated is given by number-of-
pipelines * number-of-discharge-coefficient-values: 931 * 30 = 27930 in our case. 
In Figure 2 and 3 the number of highly, average, poorly and no localizing clusters 
is reported, with respect to the four clustering methods and different level of 
aggregation: 50, 100, and 150 clusters, respectively.  
 
 

 
Figure 2. Results for 50 and 100 desired clusters 
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Figure 3. Results for 150 desired clusters 
 
It is possible to note that the In-deep Bisecting provides the highest number of 
localizing clusters when 150 groups are achieved. This desired behaviour 
becomes more relevant while aggregation process goes ahead: more highly 
localizing clusters are identified at the expense of those less localizing, with 
respect to the other approaches. 
Authors are aware of a drawback of the proposed approach: at Step 3 (splitting), 
the two clusters S1 and S2 are determined according to the two most far instances 
in Sc and the assignment centroid-to-cluster is performed depending on the order 
of instances into the dataset, affecting, consequently, the order in which clusters 
are added into Q. However, no significant variations in the number of highly, 
average, poorly and no localizing clusters were obtained by performing random 
shuffles of the dataset. 
 
 
5.3 Regression approaches for estimating discharge coefficient 
 
Least Median Squared Linear Regression proved to be effective enough to predict 
discharge coefficient of the leak depending on pressure and flow variations. Model 
is the following; the algorithm automatically removes a monitoring node: 
 

dc = -0.0123*ΔP1+0.0025*ΔP2-0.0026*ΔP3+0.0023*ΔP4+0.008*ΔP5-0.081*ΔF 
 
where ΔPi is the pressure variation at the i-th monitoring node and ΔF is the flow 
variation at the pumping system, with respect to the faultless network. 
A 10-fold cross validation provided a high correlation coefficient (0.9997) and low 
error: Mean Absolute Error = 10-4; Root Mean Squared Error = 2*10-4; Relative-
Mean Absolute Error = 0.8764%; Root Relative Mean Squared Errro=2.5368%. 
 
 
6 CONCLUSIONS 
 
In this paper some computational methods have been presented to implement the 
main decision support functionalities of an innovative technological platform for 
supporting a rational and integrated management of water distribution systems. In 
particular, an agglomerative clustering procedure for automatic districts 
identification, a combined simulation-clustering approach for leak localization and a 
regression model to further improve localization effectiveness have been 
proposed. 
As shown by the results , preliminary validation both on simulated and real data 
proved that the proposed methods are more than promising. The districts 
identification service assists managers to define a suitable sectorization of the 
network making easier its monitoring and control; the computational localization of 
leaks permit to identify a set of probably leaky pipelines, reducing the time and 
costs of intervention and rehabilitation. 
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Nevertheless some further issue should be addressed. In particular, efficient 
procedure for providing scenarios with multiple simultaneous leaks should be 
investigated: current model (clusters set) is based on simulation of single-leak 
scenarios that could not be sufficient enough to correctly localize multiple leaks. 
However, the number of generated scenarios relevantly affects the efficiency of 
our computational localization of leaks; in order to maintain acceptable the time for 
clustering scenarios, techniques of instances reduction should be also explored. 
However, it is important to note that the proposed approach is general and 
independent on the scenarios generation procedure. 
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