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General Comments: 
Monte Carlo and methods based on Monte Carlo have been studied from various 
perspectives. The reviewed thesis guide the reader through all fundamental knowledge 
necessary for the implementation. All chapters of the reviewed thesis contains valuable 
information, but the essential contribution of the author is in the chapter IV MONTE CHARLO 
APPLICATION. This chapter is well written and serve to the reader as the perfect guideline for 
every other potential application. Nevertheless, author presents also the history of the 
method and theoretical background which is fundamental in this type of work. The 
introduction part is, according to my opinion,  short and could be extended with respect to 
the huge amount of application, mentioned in the following text. Furthermore, the 
introduction contains less cited papers than I would expect.  
 
Thesis Objectives: 
The concept of the work is based on two independent goals. First goal of the work is the 
implementation of Monte Carlo based methods on HPC infrastructure with respect to two 
different goals. First goal is to review and evaluate the application of uncertainty modelling in 
Rainfall-Runoff models. The second goal is the Probabilistic time-dependent routing. Here, the 
work contains the historical overview of HPC hardware, architectural features of modern 
computing hardware, parallel programming models and evaluation of computational and 
performance output.  
 
Research Methods and Plans: 
Research methods and plans are well chosen with respect to the thesis objectives and 
proposed goals of the work. The theoretical part of the work provides the description of the 
Monte Carlo method along with the necessary statistical primer. A formal definition of 
probability, random variable and its properties is provided. The subject of random number 
generation in computers is also briefly discussed. In this chapter, I would expect one more 
point, where the author focus more on the latest theoretical approaches within the Monte 
Carlo method. Every research work has some difficulties which might be taken into account 
and discussed in this chapter. 
 
State of the Art and Results 
Author presents the state of the art in a good way and with a detailed information about the 
used methodology. Two main application fields consist of Rainfall-Runoff models used in 
Floreon+ system and Probabilistic Time-Dependend Routing (VRP Problem) for ANTAREX 
project.  Rainfall-Runoff modelling plays a significant role in the disaster management process. 
It describes a natural process in which the rainfall is transformed to runoff in a given 
watershed area. Depending on level of complexity, the models can take into account various 
properties of the river basin, such as its geological, physical or topological parameters. It can 
be used to model and predict outflow from a river basin during a storm which brings heavy 
rainfall. The author has studied two  semi-distributed RR models. The Math1D model is an 



experimental in-house semi-distributed model. It uses the SCS-CN method for transforming 
rainfall to runoff with its two main parameters – initial abstraction Ia that defines the amount 
of water in the soil at the start of the simulation, and curve number CN approximated from 
the hydrological soil group, land use and hydrological conditions of the modelled catchments. 
The contribution from river segments to a sub-basin outlet is computed using the kinematic 
wave approximation parameterized by the Manning’s roughness coefficient N, which 
approximates physical properties of the river channel. HEC-HMS is the second RR model, 
developed by US Army Corps of Engineers and distributed as a free-to-use Java application 
with computational routines implemented as native dynamic library called via the Java Native 
Interface. It uses a custom binary data format called HEC-DSS designed for handling sequential 
time series data. It offers more methods for modelling individual elements of the RR process 
compared to Math1D. Rainfall-runoff simulations were performed for a catchment area of the 
Ostravice river located in the Moravian-Silesian region of the Czech Republic. Simulations 
were executed with hourly precipitation data from a selected 7-day time frame.  All results 
have been subsequently used in two use cases. It has been integrated as a part of the Floreon+ 
system and used as a demo application in FP7 international research project HARPA. The 
application of MC methods for stochastic routing problems is a second part of the whole 
authors contribution. Traffic navigation is one of the great examples of applied theoretical 
research. Dijkstra’s algorithm is the most basic one used for finding an optimal path between 
two locations in a road network. Apart from single navigation between two points, these 
algorithms are used in various systems for solving larger optimization problems, like route 
planning for a fleet of package delivery vehicles, waste collection management or traffic 
optimization in a smart city. The evaluation of proposed approach was presented on two sets 
of experiments. The first is focused on the algorithm implementation alone, its verification 
and scalability. An optimization for host CPU and Intel Xeon Phi akcelerátor was done.  The 
second deals with integration to the traffic routing pipeline and validation of its function using 
an enhanced traffic simulator.  
 
 
All presented studies and application were described precisely and with a lot of usefull hints 
for further development. The deployment on HPC infrastructure allows to deliver a large 
number of precise simulations for several watersheds in a matter of minutes. Outputs of the 
framework are integrated in the Floreon+ system web-based interface which can be used to 
view the simulation results and to run a user-specified what-if scenarios. The second MC 
application comes from the field of traffic optimization. The developed Probabilistic Time-
Dependent algorithm which, in combination with other routing algorithms, is easy to be 
applied in logistics problems. In summary, the work has presented several results. The only 
minor disadvantage of this thesis is the lack of authors ambition to highlight the novelty of his 
approach, so the reviewer needs to doublecheck the novelty of it.  
 
 
 
 
 
 
 
 



Summary: 
In total, the thesis written by an author looks very good in my eyes and presents valuable 
results for further use. The author has showed the ability to not only deep dive into the 
topic, but also present the real application with final results. From this point of view, the 
thesis can be accepted. The topic gives a lot of potential for further scientific work and many 
application can benefit from obtained results. What I see as a small gat in the second 
application is the lack of studied approaches of VRP problems, as this is now becoming of a 
huge interests (not only due to increasing number of logistics problems, but also due to the 
whole automotive industry). After the critical review of this thesis I can state – THESIS 
ACCEPTED 
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