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1. Welcome to ReSUS 

1.1. What is ReSUS 
ReSUS is an acronym for Repository Simulation, Uncertainty propagation and Sensitivity Analysis. It is 

a flexible simulation platform for safety assessment of radioactive disposal systems. Using this platform 

deterministic simulator programs can be utilized to perform probabilistic simulations. This platform is 

equipped with pre- and post-processing methods and tools. The ReSUS Platform is equipped with a 

flexible and user friendly GUI (Graphical User Interface) which makes the design and execution of both 

simple and complex probabilistic simulations possible. The ReSUS Platform is developed by the Institute 

of Disposal Research at the Clausthal University of Technology.  

1.2. How the ReSUS Platform Works 
The working methodology of ReSUS is based on automatic execution of third party stand-alone 

simulation programs with probabilistic inputs. The Resus Platform utilizes the deterministic simulation 

platforms in a probabilistic way in order to perform uncertainty and sensitivity analysis. It uses ASCII 

template files to generate input files for the simulators with probabilistic values. Furthermore, this 

platform enables the generation of random samples for simulations.  

1.3. System Requirements 
ReSUS is compatible with Windows Vista, Windows 7 (both 32-bit or 64-bit versions), Windows 8, 

Windows 8.1, and Windows 10. However, this platform is not compatible with Windows Server 2003, 

Windows XP, Windows RT and ARM-based CPUs. It requires a minimum of 1 GB disk space and 1 GB of 

RAM. 16-bit color depth is required (32-bit recommended).  

1.4. Eclipse IDE 
Since ReSUS Graphical User Interface is developed as a plugin for Eclipse, some basic knowledge of the 

Eclipse IDE is helpful. For more information, please refer to the Eclipse IDE User Guide available on the 

Eclipse home page (www.eclipse.org). 

1.5. Example Models 
This manual references a number of examples in order to present different features of ReSUS in Chapter 

7. A folder labeled Examples in the installation package of ReSUS contains the example simulation files 

mentioned in the text.  

Hint: some examples, like rockflow and TOUGH2 are not free software. Please care about the license 

and the copyright of these software tools. 

1.6. Structure of this Document 
This manual tries to enable the reader to achieve first results fast. Therefore, Chapter 2 provides a short 

overview over the most important capabilities of ReSUS and is directly followed by Chapter 3, which 

explains the (quite simple) installation process. Chapter 4 walks the reader step by step through the 

creation and simulation of his first ReSUS model. Chapters 5 to 8 (the rest of this manual) provides 

further information about certain aspects of ReSUS and should be seen more like a reference than a 

manual that should be read back to back.  

Hint: in order to make it easer to find the clicks and inputs in the described instruction in this document, 

the items which should be clicked or selected are written in bold. The values which should be typed or 

entered by the user are also written in italic. 
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2. Performing Probabilistic Simulations with ReSUS  
The ReSUS Platform enables utilizing third party deterministic simulation programs to perform 

probabilistic simulations. All required steps for running probabilistic simulations are covered by this 

platform. It provides preprocessing operations, probabilistic simulations and uncertainty- and 

sensitivity analysis. The supported preprocessing operations by ReSUS consist of assigning external 

simulation programs into the ReSUS Platform and coordinating the simulation- and data-flow. It also 

includes the preparation and generation of random values for probabilistic parameters of simulations. 

The probabilistic simulations by ReSUS include the following: generating the input files for assigned 

external simulation programs, executing them with prepared inputs, managing them during execution 

and collecting their results. Furthermore, managing the execution sequence and transferring data 

between assigned programs is a part of the probabilistic simulation ability of ReSUS. This means that 

results of one probabilistic, deterministic simulation can be used as inputs for another simulation 

model, which enables the creation of simulation chains. 

ReSUS supports HDF5 (Hierarchical Data Format version 5) for storing the generated sample values. 

Using this format improves the flexibility of the ReSUS Platform, as it allows the usage of third party 

sample generators, where HDF5 is a commonly used data format. 

ReSUS also allows the analysis of the simulation results, using its built-in analysis tools. After finishing 

the simulations, it is possible to perform uncertainty- and sensitivity analysis on the results generated 

during the probabilistic simulations. The analysis tools allow the generation of different types of charts 

and the calculation of sensitivity analysis indices.  

2.1. Uncertainty Propagation 
The ReSUS Platform uses a template based approach and a random sample generator to generate 

proper input files for external simulators. The input sampler of the ReSUS Platform is able to generate 

random values using two different sampling methods, namely; simple random and low discrepancy 

sequence / Quasi Monte Carlo (Sobol’ LPtau). These methods generate random values according to 

common probability distributions. 

In order to propagate the uncertainty, the ReSUS Platform runs simulations repetitively. For every run, 

a new input file for the assigned simulator programs is generated. The user defines the structure of the 

probabilistic and the deterministic values of the input files in an ASCII template file. The probabilistic 

values will be replaced with the randomized values of each simulation realization in this template file 

and the actually used input files are generated.  

2.2. Uncertainty Analysis 
With the help of its Chart Tool, ReSUS allows to perform an uncertainty analysis on the results of 

simulation runs.  Chart tool can be used to visualize these results.  

2.3. Sensitivity Analysis 
ReSUS performs sensitivity analysis of simulation parameters using Pearson and Spearman’s correlation 

coefficients. Moreover, in order to have a better visual perception of the sensitivity analysis, the 

Analyzer Tool of ReSUS enables the user to create tables from simulation values. In order to ease further 

analysis with external third party analyzing software tools, Analyzer Tool supports exporting of 

simulation values in commonly used file formats, such as XLS and CSV.  



3 

 

3. Installation 
In order to receive the installation package of ReSUS, contact the Institute of Disposal Research under 

resusplatform@tu-clausthal.de. The development team will send you a download link along with a 

license agreement. ReSUS is Open Source and is shipped with a GPLv2 license. 

 

Figure 1. The content of the ReSUS installation package 

After downloading the Installation package (ReSUS_win32.zip), unzip it into a folder of your choice and 

open it. Figure 1 depicts the contents of this folder. 

4. Getting Started 
This chapter gives an overview of the Graphical User Interface of ReSUS and introduces the models and 

their building blocks.  

4.1. Starting the ReSUS Graphical User Interface (GUI) 
To start ReSUS, you need to enter the installation-folder of ReSUS (typically named “resus_win32”). 

Double click on StartReSUS.bat and wait for the Eclipse IDE (Integrated Development Environment) 

enabled with ReSUS Model Designer to startup (depicted in Figure 2).  

The GUI (Graphical User Interface) of ReSUS is developed as an Eclipse plugin. It works as an interface 

to interact with the user and provides a graphical editor to design the simulation models, perform the 

simulations, and provide access to the analysis tool components. The GUI of ReSUS has been set as 

default perspective for Eclipse, which ensures it is automatically opened upon startup. 
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Figure 2. Empty perspective of Eclipse equipped with the ReSUS Designer  

Hint: in some cases, the Eclipse environment looks different from the illustration in Figure 2. In such 

cases, the ReSUS Model Designer is not available as default perspective. In order to activate the ReSUS 

Model Designer perspective in Eclipse, perform the following steps: 

1. Open the menu Window -> Perspective -> Open Perspective -> Other…  

2. In the Open Perspective dialogue, select ReSUS Model Designer  

3. Press Ok 

 

 

Figure 3. Open ReSUS Model Designer perspective in Eclipse 

Hint: In order to reset the ReSUS Model Designer into its default state, open the menu Window -> 

Perspective and choose Reset Perspective (See Figure 3). 

The ReSUS Model Designer perspective, shown in Figure 2, comprises following Views (See Figure 5):  

1. Editor View 

2. Package Explorer 

1- Click  

2- Select Resus Model Designer 

3-Click 
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3. Palette 

4. Outline 

5. Properties 

6. Console 

7. Progress 

8. Output Viewer 

In addition, the ReSUS Model Designer perspective adds a new menu named Run ReSUS Model with 

two menu items into the Eclipse menu bar, as well as two push buttons into the toolbar of Eclipse. 

These menu items and toolbox buttons are used to run the current simulation in an either serialized or 

parallelized form (See Figure 4).  

 

Figure 4. Menu item and toolbox buttons which will be added by ReSUS Plugin into Eclipse 

Hint: Figure 2 illustrates the initial state of the ReSUS Model Designer. After having created the first 

simulation model, the presented views will contain information and items of the last time, ReSUS ran. 

ReSUS stores the status of the Designer before closing Eclipse. Each time the ReSUS Model Designer 

starts, the last saved state of the perspective and the opened items will be loaded. 

 

 

Figure 5. The Views in the Perspective of the ReSUS Model Designer  

 

4.2. Package Explorer 
The simulations in ReSUS are defined as project packages. Every project contains the related files for 

one or more simulations. The Package Explorer shows the structure of ReSUS simulation projects and 

2- Package Explorer  

1- Editor View  

3- Palette View 

4- Outline View 5- Properties View 

6- Console View 

7- Progress View 

8- Output View 
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their related files. The projects include the ReSUS Simulation Model files and the corresponding input 

sampler template files (which will be introduced in 5.1.8). The Package Explorer helps to create projects 

and keeps them organized. Figure 6 depicts a project, with the name Level_E_project, in the Package 

Explorer and its included simulation files. 

 

Figure 6. Package Explorer 

The Package Explorer provides additional functionality to create projects for ReSUS Simulations. This 

functionality, called New ReSUS Project Wizard, is available under the New item of the right click 

context menu in the Package Explorer (See Figure 7).  

 

Figure 7. New ReSUS Project 

This wizard asks the user for a name and a path for the new project. The user should have the 

permission for writing in the given path. It uses this path to create a folder and an XML file in the given 

path (See Figure 8). The created XML file as an empty simulation model will be opened in the Editor 

View (the Editor View will be introduced in the next part). 
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Figure 8. Creating a simple ReSUS project  

Hint: in order to remove a project from Package Explorer, right click on the respective project in Package 

Explorer and select Delete from the opened context menu.  

 

Figure 9. Delete a project from Package Explorer 

If the checkbox Delete project contents on disk (cannot be undone) is NOT checked, the project, will 

be deleted but its contents will remain on the disk. Such content can be re-imported into the Package 

Explorer by the following steps: 

1. Right click on Package Explorer and select Import from context menu 

2. Open General in the shown list inside the Import Dialog 

3. Click on Existing Projects into Workspace 

4. Click Next  

5. Select Browse next to Select root directory. Browse the folder which contains the project that 

should be imported 

1- Right click 

2- Click on Delete 
3- Click 
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6. Click Finish  

7. The opened project is shown in Package Explorer 

 

 

Figure 10. Import an existing project into ReSUS Model Designer 

 

Figure 11. Import a project into the Package Explorer 

 

1- Right click 

2- Click 

3- Click to Open  

4- Select 

5- Click 

6- Browse 

7- Found  

8- Click 

9- It is imported 
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4.3. Editor View 
The Editor View is the main part of the ReSUS Model Designer. With the help of this component, the 

user can create and edit the ReSUS Simulation Models based on different THMC (Thermal-Hydraulic-

Mechanical-Chemical) processes, system or sub-system models and scenarios.   

In the initial state of the Model Designer, shown in Figure 2, the Editor View is empty. Once a new 

project in the Package Explorer is available, it can be opened in the Editor View (Figure 13).  

 

 

Figure 12. Open  With ReSUS Model Editor 

Hint: The ReSUS Mode Editor is defined as default opening tool for XML files. Double clicking on XML 

files in the Package Explorer should open ReSUS Model Editor. If this option is changed, right click on 

the XML file and select ReSUS Model Editor from the Open With option of the context menu (See 

Figure 12). 
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Figure 13. ReSUS Model Desinger with an opened (empty) simulation model in Model Editor View 

4.4. Palette View 
The Palette View in the GUI (Graphical User Interface) of ReSUS contains the components required for 

creating simulation models. This view is located at the left side of the ReSUS Model Designer and is 

empty by default. Once an XML file is opened in Editor View, the items of this view appear. 

 

Figure 14. Graphical Toolbox (Palette) 

4.4.1. Select Tool 

Select Tool activates or selects the components of a model in the Editor View. The components in the 

second part of the toolbox (See Figure 15) are the graphical building blocks of the simulation models.  

Hint: in order to select an item from Palette, double click on it. The activated item will be displayed in 

a darker background and can be placed with a single click on the canvas in the Editor View 
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Figure 15. Components Toolbox 

Hint: Double clicking on Model Frame in the Components section of the Palette View activates this 

item and adds a plus sign to the tail of the mouse cursor. In this mode, a single click on the canvas of 

the Editor View adds a new Model Frame component (See Figure 18). This method also works for other 

components of the Palette.  

4.4.2. Connection 

Connection is the second item in the Palette (Figure 16). It defines the logical connection between the 

components of ReSUS Simulation Model (Figure 17), and thus models the data flow.  

   

Figure 16. Connection Element 

Each simulation component is equipped with multiple input and output pins, which enable the 

simulation components to link with each other using Connection items. 

 

Figure 17.  Connections link simulation components  

4.4.3. Model Frame 

Model Frame represents an external program (application or executable) in the ReSUS Simulation 

Model. A detailed description about Model Frame is given in 5.1.4. 

4.4.4. Input Provider 

The Input Provider represents one or more file(s) on the disk, which contain the input values for 

external programs represented by Model Frame components.  
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4.4.5. Result Converter 

Result Converter component extracts information from the output of external simulator programs and 

is the crucial endpoint of each ReSUS Simulation Model. The Analyzer Tool of the ReSUS Framework 

operates with the information provided by Result Converter components. 

Figure 16 shows the most simple, but still sensible combination of Components: A sequence of one 

Input Provider, one Model Frame, and one Result Converter, linked by Connections. 

 

Figure 18. Using the Palette Components 

Hint: In order to connect the model components with each other on the Editor View, perform the 

following steps:  

1- Activate the Connection item from Palette by double clicking on it 

2- Move the mouse on the Editor View. The mouse cursor should be changed into an arrow with 

a plug on its end ( ) 

3- Click on the source component (for example Input Provider) on the Editor View. The starting 

point of the connection will be attached to the clicked component 

4- Move the mouse pointer and the attached connection on to the next model component 

(Model Frame, for example)  

1- Double Click  

2- Mouse Cursor changes 

3- Click to add new Component  
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Click on the destination model component

 

Figure 19. Creating a connection between model components 

Hint: Instead of double clicking on the items in palette and then clicking on the Editor View, the user 

can also drag the components from the palette into the Editor View (See Figure 20). 

 

Figure 20. Dragging the components from the palette into the Editor View 

 

Hint: The Select item in the palette is useful after adding items or connections to the Editor View, which 

will restore the mouse pointer to its normal state. 

Hint: In order to delete a model item from the Editor View, click on the respective and press the delete 

key on your keyboard.  

1- Double click  

3- Click to select the source  

4- Drag the connection to the 

next model component 

3- Push the mouse click button 

and hold it 

2- Drag the item into the Editor  

View  

1- Leave the mouse click 

button and the item 

will be appeared 

2- Click on the 

destination 

component 
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4.4.6. Properties View 

This view presents the relevant information to every simulation component (Model Frame, Input 

Provider and Result Converter) in the Editor View. The properties are shown when clicking once on the 

respective component in the Editor. The displayed information in the Properties View is shown in 

different tabs and sections. Clicking on a tab on the left side of Properties View displays the 

corresponding section to that tab on the Properties View. The General Information tab of a Model 

Frame is illustrated in Figure 21.  

 

Figure 21. Properties View devided into sections with tabs 

4.4.7. Console View 

Console View (depicted in Figure 22) is a part of the ReSUS Model Designer that shows the execution 

of a simulation. Console View is only for displaying purposes and the user cannot influence the 

outcome of the simulation in this View.  

 

Figure 22. Console View showing the run of the simulation 

4.4.8. Progress View 

A simulation can either be in “running” or “finished” state. The Progress View contains a list of all 

simulations, started since the launch of Eclipse. Running simulations can be terminated by clicking on 

the stop-button on the right side of the simulation bar in the Progress View (See Figure 23). 
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Figure 23. Stopping a running simulation on Progress View 

4.4.9. Output Viewer View 

This view is an interface for post-processing operations. It connects the ReSUS Model Designer with 

the Analyze Tools of the ReSUS Platform. More information about this View is available in 5.3. 

4.5. Designing a Simple Model  
This chapter introduces the crucial steps in creating a simple simulation model using the ReSUS Model 

Designer and initializing the model items. More complicated models as well as running the designed 

simulations will be described in upcoming chapters. In order to get more information about the 

simulated models please refer to (Ghofrani, 2016).  

4.5.1. Creating a new ReSUS Project 

The New ReSUS Project Wizard (Figure 25) helps creating a new ReSUS Project as follow:  

1. Right click within Package Explorer and select the New ReSUS Project under New from the 

opened context menu (See Figure 24) 

 

Figure 24. Creating a new project 

2. Enter the name of the project and the path where the new project and its files should be saved. 

In the current example, it will be saved in D:\RockFlowModel (See Figure 25) 

1-Right click 2-Select New ReSUS Project 

Clicking here breaks the simulation 
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3. Click on Next button 

 

Figure 25. New ReSUS Project Wizard 

4. Click on the Finish button to generate the directory and ReSUS model XML file 

5. The newly created project will be inserted into the Package Explorer automatically and the XML 

file is opened by ReSUS Model Editor in Editor View (See Figure 26) 

 

Figure 26. The ReSUS Project has been made and opened in graphical Editor 

4.5.2. The Simulation Model 

In order to define a ReSUS Simulation Model, open the RockFlowModel.xml model file with the ReSUS 

Model Editor, then add the following components to it (Figure 27):  

1. One Input Provider  

2. One Model Frame  

3. One Result Converter 
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Figure 27. Adding Model Components to the Designer 

The graphical components of the ReSUS simulations can be connected to each other using the 

Connection item. Connection facilitates pairing of the generated items with one another. The arrow at 

the end of each connection should point to the input pin of the target item. The final form of the 

designed model should be similar to the one depicted in Figure 28. 

 

Figure 28. Building the simulation schema in ReSUS Mode Design  

4.5.3. Configuring the Input Provider 

Double clicking on the red triangle (Input Provider) in the Editor View activates the Properties View at 

the bottom. Click on Generate new Sample File to open the Sample Generator Wizard (Figure 29). 

 

Drag and Drop 
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Figure 29. Calling Input Generator Wizard 

First page of Sample Generator Wizard allows the user to define the configurations of parameters which 

are used as probabilistic values in the input of simulations. It contains a list that will be filled with the 

parameter configurations. The following steps are required to fill the configuration table with proper 

parameter configurations for the presented simulation in the current example:  

1. Type rockflow1 in the Parameter Template Name file 

2. Click on Add New Parameter to the List button to open the Add New Parameter dialog window 

(See Figure 30) 

3. Use the presented settings in Table 1 and fill the fields and press OK 

4. Repeat steps 2 and 3 for all other configurations shown in Table 1 

Table 1.  Parameters for the first Rockflow Model 

Index Name Unit Distribution Log Min 

Value 

Max 

value 

Show in 

Output 

1 permeability m2 Uniform Check 1.0E-10 1.0E-8 Check 

2 diffusion m2/s Uniform don’t check  1.0E-13 1.0E-10 Check 

3 kd_frakture kg/kg Uniform don’t check 5.0E-5 5.0E-4 Check 

 

2- Click 

1- Double Click 
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Figure 30. Add a new Parameter to Sample Generator Wizard template 

Click on Save as Template button in the Sample Generator Wizard to save the inserted parameter 

configurations. It creates a file with the name given in the Parameter Template Name field. The created 

file is stored with .ptml extension under the folder of the active project (Figure 31 depicts this case for 

the current example. The rockflow1.ptml file is generated under the current example folder.). 

 

Figure 31. Save the parameter configuration template file under the project folder 

The following steps are required to generate the sample values according to the defined parameter 

configurations in the last step:  

1. Click on the Next button in Configure the Parameters page of the Sample Generator Wizard 

2. Insert a path to a file in order to save the generated samples, preferably in your current project 

folder (in the current example this is D:\rockflowmodel\rockflowinput1inputs.h5) 

3. Select Simple from Sampling Method combo box  

1 - Type 

2 - Click 

3 - Insert 

4 - Click 

1- Click 

2- Saved here 
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4. Enter 300 in Sample Size field. 

a. Note that the sample size depends on the model type and the accuracy of the 

probabilistic simulations. Giving 300 as sample size in this example is because of having 

a visible effect of the probabilistic simulations. The user can set also another values for 

this field 

5. Click on Generate Sample button (See Figure 32) 

 

 

Figure 32. Generating input sample with the Sample Generator 

6. Wait for appearance of successful generation dialog message 

7. Click on Ok button in message dialog 

8. Click on the Next button in the Generate and save sample parameter values page of the 

Sample Generator Wizard (Figure 33) 

1- insert address to save the sample 

values 

2–Select method 

3- Set input size 

4- Click 
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Figure 33. Sample generated successfully 

9. The Sample Viewer page appears and shows the generated values 

10. Click on Sample node in the Tree View and then select a realization to display its corresponding 

values (See Figure 34) 

 

Figure 34. Viewing the generated input values 

11. Click on the Finish button to close the Sample Generator Wizard. The generated file will be 

automatically registered in the table of input files from the Properties View of Input Provider 

(See Figure 22) 

1- Click 

3- Generated values for selected realization  will 

be shown here 

2- Click 

4-Click 
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Figure 35. Generated file is added to the list 

 

Hint: Every Sample consists of several realizations, and every realization comprises several parameters. 

The parameter values in one realization are specified for one single run of simulation. Each item in the 

list of input files of an Input Provider includes a View button. Clicking on this button shows the 

corresponding sample file of that Item in the Sample Viewer dialog. The list of realizations is available 

as a tree view on the left side of this dialog. A single click on each realization in this tree view shows 

the details of included parameters in that realization (See Figure 36). 
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Figure 36. Sample Viewer  

4.5.4. Configuring the Model Frame 

This part describes the required steps for configuring the Model Frame item of the presented ReSUS 

Simulation Model in current example:  

1. Double click on Model Frame in the Editor View and open the General Information tab in 

Properties View 

2. Type Rockflowmodel1 in Name field and Rockflow Model in Model Type field 

4- Double Click 

3- Click 

1- Click to expand 

2- Click to view  
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Figure 37. Setting the General Information of the Model Frame 

3. Open the path on the disk where the installation package of the ReSUS Platform is unzipped 

4. Find and open the rockflow folder under the examples folder. (Note that, Since the Rockflow 

simulator is not a free software, please refer to Rockflow developers to get a license) 

5. Copy the content of the rockflow folder and paste it in the specified path for the current project 

(path given specified at the beginning in the New ReSUS project Wizard; in the current example 

it is D:\RockFlowModel) 

 

Figure 38.  Copy and paste the Rockflow executable and its dependent files into a folder on your computer (in 

our example they are pasted in the D:\RockFlowMOdel path  

6. Go back to the ReSUS Model Designer and double click on the rockflowmodel1 Model Frame 

item. Click on Working Directory in Properties View and browse the folder that the files were 

pasted in (D:\RockflowModel\ in the current example) 

7. Open the Executor tab and type rf5110_win32.exe in the Executor field and type tangv1 in the 

Exe Parameters field. The input of the simulation is stored within the tangV1 files (See Figure 

38) 

1- Double click to open the properties 

2- Type the Name and Type of the 

model  

3- Click on the canvas to see the changes at 

the Model Frame 
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Figure 39. Configuring the Executor field 

8. Click on Input Templates tab, type tangv1.rfd in the Input Template File Name field and then 

click on the Add to List button. It should be shown in the list  

 

Figure 40. Defining the Input Template for rockflow model1 

9. Open the Output Files tab, enter tangv1.plt in the File Name field and click on the Add to List 

button 

 

Figure 41. Configure Output for Model Frame 

4.5.5. Configuring Result Converter 

Double click on the Result Converter in the Editor View to show its configuration in the Properties View. 

The following steps show the configuration of this component for the current example: 

1. Click on the Result Converter tab from Properties View and select the file, which is  already 

set as output file for the Model Frame, as Input File for the current Result Converter item(See 

Figure 42) 

1- Type the file name 
2- Click to add 

1- Select  

2- Browse or type manually 

3-click to add 

3- Added to the list 

4- Is added to the list 
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Figure 42. Setting the Input File of the Result Converter 

2. Open the Regex tab and enter the following expression into the regex field 

([-+]?[0-9]+)(\s+)([-+]?[0-9]*\.?[0-9]+([eE][-+]?[0-9]+)?)(\s+)([-+]?[0-9]*\.?[0-9]+([eE][-+]?[0-9]+)?)(\s+) 
 

Hint: The content of the tangv1.plg file depicted in Figure 43 shows that each line of this file consists 

of an integer and two double values, which are separated by space characters. The represented regular 

expression in this step is generated to recognize this structure. This Regular Expression can be 

alternatively generated by clicking on the double, integer and space button on the right side of the 

Regex tab in this order: [Integer][space][double][space][double][space]. (For more information about 

Regular Expressions please refer to the (Friedel, 2006) or (Hughes, 2016)). 

 

Figure 43. Contents of the tangv1.plt file as output of the rockflow model1 

3. Click on Space Button. It inserts the [[:space:]] into the Column Delimiter text box 

4. Type 1 in the Index field, time in the Tag field, second in Unit field, 1 in Coefficient field, check 

the Forward checkbox and click on the Add To List button (See Figure 44) 

1- Double Click 

2 -select 

3 -open and select 

Integer Column 

Double column 
Double column 
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5. In the Regex tab, insert 2 as Index, concentration as Tag, kg/m3 as Unit, 1 as Coefficient, check 

the Forward checkbox and click on the Add To List button (See Figure 44) 

 

Figure 44. Defining indexes for Result Converter Regex 

 

6. Open the Output Management tab and enter the full path to the rockflow1output.dat file (in 

current example is D:\RockFlowModel\rockflow1output.dat)  

Hint: The specified output files for a Result Converter do not exist before the simulation has been 

executed the first time. The Result Converter, which is initialized in this step, processes the output file 

of the RockFlow simulator and retrieves the time and concentration values. It stores these values in the 

specified output file (the output file is defined in the next step)  

 

Figure 45. Specifying the Output File for the Result Converter 

7. Click on the Save button on the tool bar of eclipse to save the designed and configured ReSUS 

model 

4.5.6. Summary 

The objective of this section was a first introduction to ReSUS models. The next section will describe 

how to design an extended model with two assigned simulator programs. You can also skip the next 

chapter and directly learn how to run simulations. 

4.6. Extending the Simulation Model  
This section describes the necessary steps to extend an existing ReSUS Model (such as the one created 

in Chapter 5.5 (Designing a Simple Model). The final model is depicted in Figure 46. The chapter begins 

by explaining how to add new components to the existing ReSUS Model and their required 

configurations.  

2- Type or Browse 

1- Click to Select 

1 -select 

2 –Enter Regular expression 

3 -click 
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Figure 46. Extended Model Chain 

4.6.1. Extending the Model with new components 

Open the RockFlowModel file with the ReSUS Model Editor and insert the following graphical 

components into it (See Figure 47):  

1. One Model Frame 

2. Two Input Providers  

3. One Result Converter  

 

Figure 47. The original model with the new components 

Perform the following steps to initiate the newly added Model Frame item: 

1. Double click on the newly added Model Frame and open the General Information tab from 

the Properties View 

2. Type RockflowModel2 in the Name field  

3. Set the Number Of Input Pins to 2 and press Enter  
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Figure 48. Changing name and input pins of Model Frame 

It is now possible to connect the two newly created input providers with the input pins of the Model 

Frame. After having done this as well as connecting the Result Converter from of the existing model 

with the first new Input Provider and the new Model Frame with the new Result Converter, the final 

design should be similar to the one shown in Figure 46. 

4.6.2. Configuring the Input Provider Components 

Besides providing inputs for the Model Frame, the Input Provider can transfer the value from a Result 

Converter connected to its input pin into a Model Frame that is connected to its output pin. This feature 

configures the Input Provider as a bridge between two different simulators in a ReSUS Simulation 

Model. 

Each Input Provider, which transfers values between a Model Frame and a Result Converter, should 

assign an index to the values to be transferred. According to this concept, the value 1 has to be set as 

index value in the Configurations tab of the Input Provider which is located between the Result 

Converter and the Model Frame item (See Figure 49). 

 

Figure 49. Put the value 1 as index for the (bridge) Input Provider 

Follow the instructions below to generate a sample file for the Input Provider connected to the second 

pin of the Model Frame. As the index value 1 is already taken by the first Input Provider, indices for this 

Input Provider start with 2:  

Enter index 1 and press Enter 
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1. Double click on Input Provider to show its Configurations in Properties View 

2. Click on Generate new Sample File 

3. Type rockflow2 in the Parameters Template Namefield (Figure 50) 

4. Enter 4 new parameters as presented in Table 2 below. Add each by pressing Add New 

Parameter to the List. (Remember to start with the index 2!) 

Table 2. Values of Parameter Configurations for Rockflow Model 

Index Name Unit Distribution  Log Min 

Value 

Max Value Show in output 

2 kd_layer kg/kg Uniform Check 5.0E-5 5.0E-4 Check 

3 porosity 

matrix 

- Uniform  - 0.05 0.4 Check 

4 permeability2 m2 Uniform Check 1.0E-13 1.0E-11 Check 

5 dispersion 

length 

m Uniform - 5 10 Check 

 

5. Click on Save as Template button and confirm 

6. Click on Next button 

 

Figure 50. Parameter Configuration for the Input Provider of the second Model Frame 

 

1– Select  

2–Open sample generator 

3– Name 

4– Add Parameter (five parameters) 

5– Click to save 

6– Next 
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1. In the Generate and save sample parameter values page, click on the Browse… button and 

enter a new file name to fill the full path to the sample file (HDF5) field  

2. Select Simple as sampling method and set 300 as sample size. The sample size needs to be the 

same across all input providers in the ReSUS project 

a. Note that the sample size depends on the model type and the accuracy of the 

probabilistic simulations. Giving 300 as sample size in this example is because of having 

a visible effect of the probabilistic simulations. The user can set also another values for 

this field 

3. Click on Generate Sample and wait for the process to complete. A dialog will inform you about 

the successful sample generation 

 

 

Figure 51. Sample  file has been generated successfully  

4. Click Next to view the generated samples 

5. Click Finish to complete the process 

6. The generated sample file is automatically added into the list of input files of the corresponding 

Input Provider (Figure 52) 
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Figure 52. The sample file has been added to the list of sample files for the second Input Provider 

 

4.6.3. Configuring the Second Model Frame  

1. Double click on the newly added Model Frame in the Editor View and set its Working Directory 

to the same location, as the working directory of the first Model Frame (D:\RockFlowModel in 

the current example) 

2. Fill the fields of the Executor tab according to Figure 53 

 

 

Figure 53. Configuration of the Rockflow2 model Executor  

3. Open the Input Templates tab and insert asm2d.rfd as Input Template File name and confirm 

with Add To List (See Figure 53) 
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Figure 54. Adding input template to Model Frame 

4. Type asm2d.plt in the File Name field of the Output Files tab click the Add To List button (See 

Figure 55) 

 

Figure 55. Define output file 

5. Copy the asm2d.rfd.tmp, asm2d.rfi, asm2d.rfo and asm2d.rfe files from the rockflow folder 

(which is located under the examples folder in the installation package of the ReSUS Platform) 

into the folder which has been set as working directory of Model Frame (in the current 

example; D:\RockFlowModel), if they are not already present 

 

 

4.6.4. Configuring the Second Result Converter 

In order to configure the newly added Result Converter, do the following steps:  

1. Double click on Result Converter on Editor View  

2. Open the Result Converter tab (first tab) in Properties View 

3. Open the Input File combo box and select asm2d.plt from the working directory of this ReSUS 

project. 

4. Click on the Regex tab and set the following regular expression as regex  

([-+]?[0-9]+)(\s+)([-+]?[0-9]*\.?[0-9]+([eE][-+]?[0-9]+)?)(\s+)([-+]?[0-9]*\.?[0-9]+([eE][-+]?[0-

9]+)?)(\s+) 

a. Alternatively, you can generate the regular expression, by composing it of an 

[Integer][Space][Double][Space][Double][Space] 

in that order. You can achieve this by hitting the corresponding buttons next to the 

regex-input box 

1–click 

2–type 
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5. Set [[:space:]] as Column Delimiter (or click on the space button next to the Column Delimiter 

field). 

6. Insert two indices into the table of the Regex tab with the values depicted in Figure 56 

 

Figure 56. Index definition for Result Converter of Rockflow model 

 

7. Open the Output Management tab and define the location to store the simulation results. (in 

the current example D:\RockflowModel\rockflow2output.dat). The file will be generated by 

this Result Converter during simulation. It saves the retrieved results from its input file (in the 

current example its input file is D:\RockflowModel\asm2d.plt) 

 

Figure 57. Define the path and file name for the simulation results. 

8. Save the added configurations and components by clicking on the Save button  in the tool 

bar of eclipse 

The extended Simulation model is now complete. The next section describes how to start the 

simulation, how to monitor its execution, and how to analyze its results. 

4.7. Simulation 
In order to start a simulation, click on the simulate button on toolbar (See Figure 58). It saves the 

changes made to the ReSUS model and calls the Core component of the ReSUS Framework. The Core 

component executes the designed ReSUS Simulation Model.  
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Figure 58. Start Simulation 

4.8. Console View 
The Console View shows the generated messages during the run of a simulation. A simulation run can 

take a while, depending on the complexity of the deterministic simulation core and the number of 

realizations that is run. The console view reports the start (See Figure 59) and the end of the simulations 

and shows the messages from simulation components. In addition, it presents the failure messages 

from the Core component of the ReSUS Platform to the user. Each step of the simulation will be 

reported on the console view, thus providing a feedback of the still running simulation and the speed 

at which it is performing.  

Hint: Due to the limited size of the buffer in the console of Eclipse, only the last 1000 lines of the output 

will be shown in the console view. 

 

Figure 59. Console View reports the start of the simulation 

The end of the simulation can be observed in two different Views: Console View and Progress View. 

Console View depicts it as a text message while Progress View portrays it with updating the status as 

finished (See Figure 60). 

Click to start the simulation 
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Figure 60. End of the simulation announced in Console View (left) and Progress View (right) 

4.9. Showing Results 
After the completion of simulation, the results are available for assessment and analysis. As mentioned 

before, the results of the simulations are stored in the binary output file of the Result Converter. The 

Analyze Tool of ReSUS reads, displays and analyzes the aforementioned binary files. The Output Viewer 

tab (See Figure 61) allows the selection of Result Converter elements that should be used as inputs for 

either the Chart Tool or the Export Tool. 

 

Figure 61. The list of Result Convertes in output View 

4.9.1. Chart Tool 

The Chart Tool is an analysis tool, which draws charts and performs sensitivity analysis on input and 

output values of the simulation. It is also capable of drawing line diagrams, plot diagrams and 

histograms. 

In order to start using the Chart Tool, perform the following steps (See Figure 62): 

1. Activate the Output Viewer tab in the ReSUS Model Designer 

2. Uncheck the second checkbox which corresponds to the second Result Converter (in the 

current example: RC24(24)) from the list of the active Result Converter items 

3. Click on the Chart Tool button  

4. The resusCharts window opens 
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Figure 62. Running the Chart Tool 

4.9.1.1. Drawing line charts 

Line charts offer a useful graphical representation that depicts the time dependent values of variables. 

In the aforementioned example of the rockflow model, the concentration values are time dependent, 

hence they can be drawn as line charts. To draw a chart, representing the values of concentration 

depending on time follow these steps: 

1. Select the Curve side tab  

2. Open the X Item combo box and select time from the list  

3. Open the Y Item combo box and select the conc1  

4. Click on Draw Curves button  

The lines drawn in the resusCharts window should be similar to the lines demonstrated in Figure 63.  

1-  Activate 

2– Uncheck 

3– Click 
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Figure 63. Concentration over time 

In the Curve tab of the resusCharts window (Figure 64), some check boxes are in the Functions group 

box that provide additional functionalities. Using these checkboxes, some of the main characteristics 

of the empirical distribution (min, max, median, and mean) can be selected and displayed using 

different line colors. Quantiles can be shown through enabling the Quantiles group box and entering 

the required percentage values (i.e. 90, 95 and 10 percent as shown in Figure 64). 

 

Figure 64. Draw Curves options for output of rockflow1 Model 

The blue line of Figure 65 presents the maximum values of concentration at each single point in time. 

The magenta line at the bottom of the Figure 65 shows the mean value of all concentration points in 

each time segment. The three green lines denote the 90, 95 and 10 percentage quantiles in each point 

of time. The mean and 10% quantile lines are hardly visible due to many very low values of 
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concentration throughout the different simulation runs. They become visible though, when using a 

logarithmic transformation for the concentration values by checking the respective box. 

 

Figure 65. Drawing curves with additionall functionalities 

4.9.1.2. Drawing scatterplots 

This subsection describes how to create scatterplots from input and output values. The Plot tab of the 

resusCharts window enables the user to configure the sources of the plots. It includes two combo boxes 

for selecting the X Item and Y Item to plot against each other.  

In the model defined in 4.5, the values of Permeability are used as input parameters and the 

concentration values are calculated as the outputs of the Rockflow model. In order to create 

scatterplots of input parameters (concentration) against output parameters (permeability), proceed as 

follows: 

1.  Select the permeability as X Item, conc1 as Y Item  

2. Maximum should be selected as the item in Quantity of Interest  

3. Click on Draw Plot  

4. A scatterplot of these two parameters (maximum as quantity of interest for the conc1) against 

each other appears (See Figure 66) 
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Figure 66. Scatterplot permeability vs. concentration (maximum as quantity of interest)  

Select Integration over… from the Quantity of Interest combo box and the time values as Integration 

Source. Click on the Draw Plot button, the permeability values will be plotted against the result of 

integration of concertation values over the time values for each run of the simulation. The created plot 

should be similar to the one depicted in Figure 67. Note that this example has only been provided for 

demonstration purposes. A time integral of a concentration evolving over time becomes meaningful 

when this value is multiplied by the fluid flux – thus yielding a total of the mass crossing the model 

boundary during the time interval considered. 
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Figure 67. Values of concentration integrated over time, rockflow1 model 

Choosing Time of the Max Value as Quantity of Interest function enables the user to create plots of 

input values against the time points which are related to the maximum of conc1 value (concentration 

values). In order to use this function with permeability and time of the maximum conc1 follow the 

instruction below: 

1. Select permeability as X Item  

2. Select time as Y Item  

3. Select conc1 as Quantity of Interest Factor  

4. Click on Draw Plot  

Figure 68 shows a scatterplot of the permeability values (x axis) against the time values (y axis) in which 

the conce1 value was at its maximum. 
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Figure 68. Time of Maximum as Quantity of Interest 

By choosing the Linear Regression and Non-Linear Regression checkboxes, both the linear and non-

linear regression graphs will be shown after clicking on the Draw Plot button (See Figure 69). 
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Figure 69. Linear and Non-Linear Regression  

Using the log checkbox on the right side of X Item and Y Item combo boxes transforms the selected 

values into their decimal logarithmic values. Figure 70 shows the output values of permeability and 

conc1 parameters against each other in decimal logarithmic and normal form. 

 

Figure 70. Logarithmic (left) and normal (right) plots for permeability against concentration values 

4.9.1.3. Drawing Histograms 

In order to draw the histograms from simulation values, open the Histogram side tab in resusChart 

window and select an input parameter (for example Permeability) from the Item combo box. Set the 

Bins value to 60 and click the Draw Histogram button.  

The outcome chart for permeability looks like the one shown in Figure 71.  
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Figure 71. Generated Histogram by Chart Tool from the values of permeability parameter 

4.9.1.4. Extracting Charts from values of combined simulation models 

In this subsection, the abilities of the Chart Tool in creating charts from input and output values of 

complex simulations is discussed. The extended simulation model presented in 4.6 consists of two 

RockFlow models, which are interconnected and the output of one model is used as the input of the 

second one. To create a plot chart from the input values of the first RockFlow model against the output 

values of the second RockFlow model, the following steps should be taken:   

1. Close the Chart Tool and click on Output Viewer in ReSUS Model Designer 

2. Check both of the Result Converter items in the checklist of Output Viewer 

3. Click on Chart Tool button and wait for the Chart tool to appear 

4. Click on Plot side tab (second tab) in Chart Tool  

5. Select permeability as X Item and Con2 as Y Item  

6. The Quantity of Interest should be set by Maximum 

7. Click on Draw Plot button 

Figure 72 illustrates the created chart. In this chart, the permeability values are considered as input of 

the first Model Frame and the Concentration values belong to the outputs of the second Model Frame.  
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Figure 72. Combination of differnet parametrs to create a plot 

4.9.2. Export Tool 

The Export Tool is another component of the analyze tools, which converts the input and output values 

of the simulations into a tabular form. For more information about this tool, please refer to 5.3.3.  

The following paragraphs describe, how to view the input and output values of the simulations in a 

tabular form, using the export tool:   

1. Click on the Output Viewer of ReSUS Model Designer 

2. Check all the Result Converter items of the Output Viewer list 

3. Click on the Export Tool button. The resusExport window, shown in Figure 73, appears (this 

might take a while) 

 



46 

 

 

Figure 73. Available binary files 

4. In order to expand the listed items in the Selected Binary Files Tree View, simply click on the 

arrow next to the respecting name. Note that, clicking on the name doesn’t open the list 

5. Input and output values of each single run of the simulation can be shown in two separate 

tables by a single click on each of the realizations  

 

Figure 74. The selected Realization and its input and output values 

 

Output values 

Select 

Input values 
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5. ReSUS in details 
This chapter gives a detailed view of the ReSUS Platform and describes the working mechanism of the 

components of this platform.  

The ReSUS Platform consists of five components, each belonging to one of the following categories: 

user interface, simulation core, and data analysis. The user interface contains of the ReSUS Model 

Designer and the Sample Generator. The simulation core only contains the ReSUS core component, 

performs the actual simulations. The third category, the Analyzer Tool, include both Chart-and Export 

Tool. these components are depicted in Figure 75. 

 

Figure 75. Main components of the Resus Platform 

5.1. Probabilistic simulations using ReSUS  

5.1.1. Creating a simulation model 

The first step in a simulation using ReSUS Model Designer is to create a new project in Package Explorer. 

ReSUS Model Designer provides a wizard for creating any empty project within Package Explorer that 

contains an xml file. This wizard is accessible in two different ways: 

1. Right click on Package Explorer then select New ReSUS Project under the New item in the 

opened context menu 

2. File > New > New ReSUS Project 

 

5.1.1.1. New ReSUS Project Wizard 

The New ReSUS Project Wizard helps the user to create a new project and an XML file inside it, which 

is used for storing the design of the probabilistic simulation. This wizard contains two fields: 

1. Project Name: A folder and a file would be created with the name given in this field at the given 

address in Project Address field   

2. Project Address: a path to store the folder and files of the new project should be given here 
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The folder created with the New ReSUS Project Wizard will be added to the Package explorer as a 

project. Right click on the shown projects or files in Package Explorer and then select the properties 

(last item). A dialog box will be opened which provides the Location of the selected item. 

5.1.2. ReSUS Model Editor 

ReSUS Model Editor is a graphical editor to present the xml based ReSUS Model Simulation files. It 

enables the user to edit and extend the simulation models. The parts of Model Editor are briefly 

introduced in chapter 4. 

A feature of the ReSUS Model Designer is that ReSUS Model Editor opens the XML files simply by double 

clicking on it. Another way to open the XML files in the ReSUS Model Designer is to right click on the 

XML file and select ReSUS Model Editor under the Open With context menu item.  

Once an XML file is opened in ReSUS Model Editor, the components and tools of Palette View are 

available which are essential to initiate the design of a ReSUS Simulation Model.  

The contents of ReSUS Simulation Models are described in XML format which makes it easier for the 

user to read and comprehend. ReSUS Model Editor reads the XML files and shows their contents in a 

graphical form, which allows the user to easily create and manipulate template files. 

5.1.3. Input Provider 

Input Provider is one of the four graphical components of ReSUS Model Editor which is used to specify 

the input values of the simulations. It is presented as a red triangular item in the presentations of ReSUS 

Simulation Model.  

Input Provider has two responsibilities:  

1. feeding the simulator assigned to the Model Frame with the provided sample files  

2. transferring the values from output of one model to input of another model 

The properties and attributes of this component are listed below: 

1. ID: a unique positive number to distinguish the items within a ReSUS Simulation Model 

2. Number of Input Pins: an integer value that specifies the number of defined pins for the Input 

Provider item. The pins are the start and end points of the connections between ReSUS 

Simulation Model components. The graphical Model Editor uses this value to draw the input 

pins on the left edge of the input provider triangle  

3. Index: the number given as index should be greater than zero. The index in this field is used to 

set the index of the values which are transferred via this Input Provider. Since the values sent 

by Connected Result Converter into the input pin of the Input Provider do not have a special 

index, the user should define an index for these values. This index helps the Model Frame to 

find the specified placeholder for the input value within the template file 

4. List of Input file names: this list keeps the address of the HDF5 formatted files which contain 

the values for probabilistic simulation parameters. Using the Add Existing Sample File to the 

List button in the Properties View opens a select file dialog to add the sample files into the list. 

Additionally, clicking on the Generate New Sample File button opens Sample Generator Wizard 

to generate input files for the Input Provider components 

The sample generator tool is implemented as a wizard and it is available in the properties of the Input 

Provider component.  
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5.1.4. Model Frame 

This component provides an interface for ReSUS to assign the external programs to a simulation and 

manage them. This interface helps ReSUS to initialize and run an external simulator program. All the 

information required for generating input files, executing the simulator and controlling the generated 

output files are provided via Model Frame. The Model frame is presented as a blue box in the graphical 

Model Editor of ReSUS. This graphical item enables the user to define the Input Provider item and 

Result Converter for a simulation model. The other properties of this item are available to edit in 

Properties View.  

Model Frame utilizes an ASCII template file based method to create the input for probabilistic 

simulations. In this method, the static structure (deterministic values) and the places of probabilistic 

values of the input files of an external simulator are defined in a text file. ReSUS generates the 

probabilistic parts of the input file during the simulation and sets them into the defined places and 

makes a new input file. This input file contains new probabilistic values during the simulation. For more 

information about this method, please refer to 5.1.8. 

The properties of the Model Frame are divided into six categories in Properties View: 

1. General Information: this section of the properties includes some fields to keep the general 

information about Model Frame:  

a. Name: set the name of Model. The given name will be shown as label on the Model 

Frame on the Editor View 

b. Model Type: an additional field to save the category of the model by user 

c. Description: additional information about the model which user needs to note 

d. Number of Input Pins: this field is used to increase or decrease the number of the input 

pins on Model Frame. Input pins are located on left edge of the graphical presentation 

of the Model Frame 

e. Number of Output Pins: use this field to increase or decrease the number of output 

pins of Model Frame. Output pins are located on right edge of the graphical 

presentation of the Model Frame 

2. Working Directory: this field is used as parent address for locating the assigned executable and 

its related input and output files  

3. Executor: this tab includes the configuration required for the assigned executable: 

a. Executor: the name of the executable file. It should be a windows executable with an 

exe, com or bat extension 

b. Exe Parameters: some executables require some additional information to start the 

simulation (for example name of their input file) which should be specified in this field 

c. Timeout (s): define maximum allowed time (in seconds) for each run of the assigning 

executable. It helps to discover the crash cases of the executables. ReSUS terminates 

the Simulation if the defined time out is exceeded 

d. Break if Exit code is not 0: the returned code from an executable can be an error code 

in some cases. This option helps to recognize such cases. Checking this option, makes 

ReSUS to control the returned codes of executables and breaks the whole simulation 

process if the code is not zero 
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4. Input templates: this section helps the user to define the list of the template files used by 

ReSUS to generate the input files for assigned executable. This section contains the following 

items: 

a. Input Template File Name: is used to insert the name of the template file 

b. Add To List: click on this button inserts the name written in the Input Template File 

Name field into the list. The name inserted should exist in the defined Working 

Directory path 

c. Add Existing Template File: click on this button opens a Select File Dialog box to choose 

an existing template file. Beforehand, the template files should be saved tmp extension 

in the defined path as Working Directory 

d. List of Template Files: this list is shown as a table with edit and remove buttons for 

each inserted item as a row. Click on the Edit button opens the template file with the 

embedded Template Editor (for more details please refer to 5.1.9 )  

5. Output files: ReSUS checks for existence of files inserted in this tab after finishing each run of 

the assigned executable. In addition, the user can assign some options and conditions to each 

file. ReSUS uses these conditions to provide consistency checking. E. g. if the size of the 

generated output file or its number of lines is less than a minimum, ReSUS can generate a 

warning message. Furthermore, selecting the Break the Operation checkbox can also configure 

ReSUS to break the operation in such cases 

6. Log file: some executables generate log files in which a failed execution is reported using special 

keywords. For example, such keywords might be ERROR, EXIT or some error codes:  

a. File Name: defines the log file the content of which should be searched for such 

keywords after each run of the executables 

b. Critical Words: the critical words which should be searched. If the inserted words are 

more than one, they should be separated by space  

c. Break if Critical Words Found: checking this checkbox tells the ReSUS to terminate the 

probabilistic simulation process if at least one defined critical word in the defined file 

has been found. Otherwise ReSUS Core shows a warning 

5.1.5. Result Converter 

Once a run of the simulation program is finished, Result Converter will be activated via the connection 

between Model Frame and Result Converter. It starts processing the output files of the external 

simulator program. Each file can be processed by one Result Converter. For the case where more than 

one output of the executables should be processed, more than one Result Converter items are 

required.  

Result Converter is shown as a black triangle in the Model Editor of ReSUS. This item has only one input 

and one output pin. The available options in the ReSUS Model Editor for this component that are 

defined in four properties tabs are listed below: 

1. Result Converter: this tab is used to set a name and an input file for the Result Converter item 

a. Name: this field is a label for Result Converter. These names are used in post-processing 

operations for recognizing the simulation items and their outputs 

b. Input File: a combo box that lists the defined output files of the connected Model 

Frame to the current Result Converter. This combo box is empty in initial state. Once a 
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Model Frame is connected to the Result Converter item on the Model Editor, its 

defined output files will be listed in this Combo box 

2. Executor: this tab helps the user to assign an optional executable to perform additional 

operations before using Regular Expression to recognize the output lines of the simulator; for 

more details, please refer to 5.2. 

a. Working Directory: defines the working directory which the executable is located in 

b. Executor: the file name of the executable  

c. Output file: this field specifies the output of the executable which is in most cases a 

text file.  

3. Regex: this tab contains the configuration required to recognize the structure of the output 

files in the form of Regular Expressions 

a. Regex: this field provides the considered regular expressions in order to recognize the 

structure of the lines in the input files of the Result Converter (output files of the 

connected Model Frame). ReSUS Core uses these regular expressions to parse each 

line and extract the required information. Writing the regular expressions manually is 

a tedious task which is prone to individual mistakes, henceforth three buttons are 

embedded in this section to create common regular expressions: 

i. Double button: appends a regular expression for recognizing the floating-point 

values to the existing text in the regex field 

ii. Integer button: appends a regular expression for recognizing the integer values 

to the existing text in the regex field  

iii. Space button: appends a regular expression for recognizing the space 

characters to the existing text in the regex field 

b. Regex Checker button: calls the Regex Checker tool. This tool helps to check if the 

written regular expression can recognize the given text. For more information about 

this tool, please refer to 6.1 

c. Column Delimiter: this field includes a regular expression which helps to split the 

defined regular expression as Regex field into an array of values. Once a line of 

processing file passes the defined value as Regex, the value of column delimiter will be 

used to split the line into an array of the values. The indexing of this array starts by zero 

d. Index table: all the values split from a line are not required for post processing. The 

user can define some indexes to select the required fields of each line. These indexes 

should be defined and stored in this table. ReSUS uses these indexes to filter and store 

the extracted values from the processing file. The user can also assign some additional 

information to these indexes, which makes it easier to work with them at the post-

processing phase (for example name or coefficient for the value). The description of 

fields included in the index item:  

i. Index: starts by zero and specifies the order of a value in the split array that 

should be extracted and stored 

ii. Tag: the related name to the considered value (for example concentration) 

iii. Unit: a text to store the unit of the extracted value 

iv. Coefficient: a floating-point number that will be multiplied by the values 

before storing them 
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v. Forward: checking this item tells the Result Converter that this value should be 

forwarded if any input provider is connected to its output pin 

4. Output Management: the output file of Result Converter, which stores and manages the 

recognized output values of the executable, should be defined in this tab. This field is 

mandatory and the simulation cannot start without specifying this file 

5.1.6. Connection 

The data and process-flow between ReSUS simulation components (Model Frame, Input Provider, and 

Result Converters) are supplied via connections. Each connection in Graphical User Interface is an 

arrow, which connects an output pin of one component to an input pin of another graphical 

component. Although Connections are stored in the designed ReSUS Simulation Model, they embody 

no further properties for display. The connection items in a model are just saved as XML nodes in the 

simulation file.  

 

 

5.1.7. Sample Generator 

The ReSUS Platform uses probabilistic methods to perform safety assessments of disposal systems with 

the help of probabilistic simulation software tools. In order to carry out the simulation in a probabilistic 

way, there is a need of probabilistic sampling tools. GUI (Graphical User Interface) of the ReSUS 

Platform is equipped with an Input Sampler tool.  

The Sample Generator is capable to generate random values referring to pre-defined configurations by 

the user. The content of these configurations specifies details and probability distribution functions to 

be used to generate the random values. The structure of configurations for each input parameter is 

depicted in Table 3.  

Table 3. Parameter Configuration structure 

index Name unit distribution  { type , min, max, additional information} description   

 

Sample Generator is created in the form of a wizard with two pages. In the first page (depicted in Figure 

76), the user can insert and edit the configuration for each parameter with the input and edit dialogues. 

The inserted configurations can be saved as a template in the project folder using a name with PTML 

extension by means of Package Explorer. The load button on the first wizard page helps to load the 

saved templates and to us them for new sample generation or manipulate them in order to generate 

sample for other models. 
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Figure 76. Configuration of the Sample Generator 

The user should insert some additional information for generating random values in the second page 

of the Sample Generator Wizard. These fields are introduced below: 

1. Full Path to sample file (HDF5): this field specifies the location of storing the values generated 

in the format of an HDF5 file with .h5 extension 

2. Sampling method: Sample Generator supports two type of the sampling methods: 

a. Simple Random  

b. Low discrepancy sequence / Quasi Monte Carlo sampler (Sobol’ LPtau) 
3. Sample size: the user should insert the size desired for generating sample. The inserted value 

in this field should be a positive integer value. The sample size is exactly the number of the 

values that should be generated for each parameter 

The available probability distributions for generating of random values supported by ReSUS are as 

follows:  

• Uniform Distributions: the user should define two values as maximum and minimum for using 

this type of distribution. The randomized values by Sample Generator will be located in this 

interval 

• Normal Distributions: this distribution is available in ReSUS by the name Truncated Gauss. The 

user should set the standard deviation and mean for this type of distribution in addition to 

minimum and maximum. It is worth noting that the logarithmic transformation of Normal 

distribution can be calculated in two different ways (where Mu =mean value and Sigma= 

standard deviation): 

o Truncated Gauss: this method uses the following function f(x,mu,sigma) in order to 

transform the values into logarithmic space: 

�  ���,��, ��	�
� = ���−�. � ���	���������	�
 �^��/	������������	�
� 
o Truncated Gauss2: this method transforms the distribution into logarithmic space with 

the entered mean and standard deviation as follows: 

� ���, !, "#$ %� = exp )0.5	 ,-./�0��123456173 89: /��";<=�2?�"#$ %@� 
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• Triangle distributions: similar to the uniform distribution mentioned above, a minimum and 

maximum should be defined for generated random values interval. Furthermore, a mode value 

should be defined as the peak (mode) of the Triangular distribution 

Sample Generator saves the generated values in a HDF5 (Hierarchical Data Format) file with H5 

extensions (HDF Group, 2015). The randomly generated values for each parameter will be located in a 

Dataset in HDF5 file as a matrix of 64-bit floating-point values. This matrix has only one row and the 

length of this row is equal to the sample size. Figure 77 illustrates the values of the parameter named 

diffusion in the HDFView program. This program is accessible for free at the website of HDF Group and 

used to view and edit the H5 formatted files. The configurations used for generating the values of each 

dataset are also assigned to the dataset as Attributes in H5 file. Once a dataset in the HDFView tool is 

selected, its configurations will be displayed at the bottom of the window within the metadata tab. 

With the help of HDFView, the contents of the datasets can be copied or exported to third party 

formats.  

 

Figure 77. HDF Viewer for windows shows content of the sample file 

 

 

 

 

Describing some expressions which are used in this part (See Figure 78) can be helpful: 

1. Sample: a sample is a set of randomly generated values for probabilistic parameters of a 

simulation. It is presented in a two-dimensional matrix 

The used configuration to generate the 

values of diffusion dataset (Attributes) 

Datasets 
Generated values for diffusion parameter 
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2. Realization: each row in Sample matrix defined as a realization. The stored parameters in a 

realization will be used to generate input for one single run of the simulation  

3. Parameter: each column in sample matrix defines the generated values for one Parameter. 

Each column is generated according to the configurations for parameters submitted to the 

Sample Generator 

 

Figure 78. Structure of a sample 

There are two different ways to generate a sample file: one way is to use Sample Generator tool which 

is embedded in Graphical User Interface of the ReSUS Platform. The other alternative is to generate H5 

sample files with the assistance of third party programs.  

The samples which are generated through third party programs (HDFView, R or MatLab) should have a 

structure identical to the one described in this section.  

 

5.1.8. Template Files 

The structure of the input template files used by ReSUS is described in this subsection. Template files 

are ASCII based text files which are used by ReSUS to generate the input files of the external simulators. 

The content of a template file consists of two different text blocks: the first category of text blocks 

within a Template file are the fixed blocks which will be copied directly to the generated input file. The 

second groups are the placeholders. The placeholder blocks will be replaced with probabilistic values 

by ReSUS in the process of generating new input files (See Figure 79). 
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Figure 79. Using templates to generate input files 

Hint: the template files related to an external simulator should be defined as input template files for 

the Model Frame item which manages that executable in a ReSUS Simulation Model.  

 

The placeholder blocks within a template file contain a $ sign and a number as an index, which are 

confined between two < and > tags (For example <$4>). The probabilistic values, which could be 

replaced with a placeholder block, are identified by an index. If the index assigned to these values 

matches the index of a placeholder in the template file, ReSUS replaces it with by the corresponding 

value and generates a new input file for external simulators.  

In the example below, an input file is generated with regarding to the defined template file. The 

placeholders which are replaced by the probabilistic values are marked in red. 

 Values provided by ReSUS 

Fixed part 

Place holders 
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Template file Input file 
#FLUID_PROPERTIES 
 0  1000.0 ; density function, parameter 
 0  0.001  ; viscosity function, parameter 

 0.0       ; real gas factor 
 0.0  0.0  ; heat capacity, heat conductivity 

  
#COMPONENT_PROPERTIES 
 1      1.0e-8     ; diffusion    m2/s    

MatrixDiffusion_coefficient_of_solution  
 1    1.05e-14     ; decay_sol model type, lambda_sol [1/s], ratio 
 1    1.05e-14     ; decay_sorp model type, lambda_sop [1/s], ratio 

 1 
;SIMULATE  
 <$2>     ; kd_layer    kg/kg     kd_of_layer1   1   uniform     0.00005    
0.0005 
 0               ; chemical nonequilibrium model type 

 0               ; physical nonequilibrium model type 
 0               ; model type, solution dependence type 
 

  
  

#SOIL_PROPERTIES 
 2                ; dimension 
 1.0              ; area 
 0                ; porosity model 
;SIMULATE          

 <$3>              ;   porosity    -      porosity_of_layer1    1   uniform       
0.05     0.4 
 1.0              ; tortuosity 

 0                ; mobile immobile model 
 0                ; lithological component 
 0                ; maximum sorption model 

#FLUID_PROPERTIES 
 0  1000.0 ; density function, parameter 
 0  0.001  ; viscosity function, parameter 

 0.0       ; real gas factor 
 0.0  0.0  ; heat capacity, heat conductivity 

  
#COMPONENT_PROPERTIES 
 1      1.0e-8     ; diffusion    m2/s    

MatrixDiffusion_coefficient_of_solution  
 1    1.05e-14     ; decay_sol model type, lambda_sol [1/s], ratio 
 1    1.05e-14     ; decay_sorp model type, lambda_sop [1/s], ratio 

 1 
;SIMULATE  
 0.000490871     ; kd_layer    kg/kg     kd_of_layer1   1   uniform     
0.00005    0.0005 
 0               ; chemical nonequilibrium model type 

 0               ; physical nonequilibrium model type 
 0               ; model type, solution dependence type 
 

  
  

#SOIL_PROPERTIES 
 2                ; dimension 
 1.0              ; area 
 0                ; porosity model 
;SIMULATE          

 0.316166              ;   porosity    -      porosity_of_layer1    1   
uniform       0.05     0.4 
 1.0              ; tortuosity 

 0                ; mobile immobile model 
 0                ; lithological component 
 0                ; maximum sorption model 

 

 

 

In some template files the space taken by a value is important. For example, in the input files of the 

TOUGH2 simulator, each value should have a fixed length. Placeholders can specify the field length of 

the values in generated input files. It means, it can be defined how much place a value should take 
when it replaces a placeholder block. The field length of the values can be defined beside the index 

of the placeholders with a colon sign. Using such a block <$1:10> as placeholder reserves a ten-figure 

fixed length space for the value which should be set instead of this block. If the field length of the 

value is more than 10 characters, it will be converted to scientific notation. This format requires at 

least a field with 7 digits length. In order to keep the format of the input file in the template file, the 

placeholder text blocks can be written with space between the field length and the close sign (for ex-

ample <$2:10␣␣␣> is used to keep the structure of the template files where each value has fixed 

length of 10 signs). Figure 80 illustrates how the delivered values (P1, P2, P3, P4 and P5) replace their 

corresponding placeholders and how the input file is generated.  
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Figure 80. Schematic usage of the Template files 

 

5.1.9. Template Editor  

Template editor is a simple text editor enabled with highlighting for placeholders within a template file. 

This option helps the user to edit the template files in an easy way. It is implemented as an embedded 

tool in ReSUS Model Editor so that each defined templated file for a Model Frame can be opened with 

the template editor. The listed template files for each Model Frame (in the Input Template files section) 

could be opened by Template Editor with a click on the Edit Template button next to each of them. 

Figure 81 illustrates the template file of the RockFlow model with highlighted placeholders.  

 

Figure 81. Opening the Template Editor for registered input template files of a Model Frame 

5.2. Working mechanism of the Result Converter 
After finishing each run of the simulator program the Model Frame, which manages that simulator 

program, sends a signal to the next connected Result Converter item. Result Converter starts to process 

the defined output file of the Model Frame.  

 

The input file of each Result Converter is defined in the Input File combo box, which is placed in the 

Result Converter section of its Properties View. This Combo box is filled by the list of the output files of 

the Mode Frame Item which is connected to the input of Result Converter.  
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Figure 82. Time depentend values in output file of a simple external program 

Most of the times, the outputs of the external simulation program are in the form of time series which 

will be shown as column of values for different parameters during the time (See Figure 82). The design 

of Result Converter aims to find a way to recognize these columns and retrieve the selected ones. To 

find the intended pattern, the Result Converter utilizes the Regular Expressions. The Format of each 

row must be defined in the form of Regular Expressions which are separated with a Delimiter Regex. 

Once a line of text matches the defined Regular Expression, the defined Delimiter text will be used to 

split the text. The result of split operation will be stored in an array of text blocks which are indexed by 

zero.    

The user specifies which columns of the resulting array should be selected and stored for the post-

processing operations. The required columns for post-processing are signed with the given information 

by the user as so called Index items. For each column of the split results, that is required for post-

processing, there is a need of an Index item. It will be helpful to prevent data redundancy and improve 

the save and load time for demonstrating and analyzing simulation results. Result Converter saves the 

processed data along with the information attached to them through Index items in a binary file. 
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Figure 83. The working mechanism of Result Converter 

There is also an optional step between the output file of a connected Model Frame and the matching 

process with the Regular Expressions in Result Converter. It is possible to run an external program to 

improve the filtering process for the cases that the Regular Expressions are not useful (for model 

outputs which are not structured in columns, e.g. TOUGH2 outputs).  

If the user assigns an executable to the Result Converter item, the sequence of the converting process 

will be started by running that executable. After finishing the run of the executable, the Regular 

Expressions will be utilized to filter the content of the defined file as output of the executor (Figure 83). 

It means the Regular expressions should be defined considering the output of the assigned executable 

to Result Converter.  

5.3. Analyzer Tool  
The ReSUS Platform provides two flexible tools to perform post-processing operations including 

uncertainty and sensitivity analysis. Chart Tool and Export Tool provide graphical and tabular forms 

when displaying the input and output values of the probabilistic simulations. 

Before describing the functionality of these tools, some concepts are introduced. 

5.3.1. Quantity of Interest function  

The quantity of interest term describes the process of extracting one single value from a collection or 

series of values so that the generated value is a representation of them. The input values are in most 

cases already in the form of single value per each realization. The output values of the simulations are 

mostly time dependent arrays, which makes it a little different to draw a histogram or plot a point for 

each realization. In such cases, the provided Quantity of Interest function should be used. 

The general form of the problem is in most cases as following: the simulator reads a value named X and 

then generates Y and T arrays as output, where T denotes the time and Y the values related to the time 

steps in T (Figure 84). 
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Figure 84. Time series based result values 

The Y and T arrays should thus have the same length. Each member of Y could be mapped to the one 

and only the one member of T array.  

There are three methods to select one value from the Y array:  

1. The simplest way is to select the maximum value from the Y array (for example the maximum 

generated value for concentration in each run of the simulation)  

2. Integrating the Y values over the T values (time steps) with the following formula 

v =LMN + ON2
P

NQR
	×�ON − ON�T� 

3. Find the maximum value of the Y array and use its index to select the member of T array with 

that index value. The usage of this function is to find the time points where the corresponding 

Y values have their maximum. This concept is depicted in Figure 85. Note that the selected 

value is a member of T array 

 

Figure 85. Time of Maximum value over Y array 

 

5.3.2. Chart Tool  

Chart tool is developed as a stand-alone application with the option to be called from the ReSUS Model 

Designer. This application reads the output files of the Result Converters and loads the names of the 

parameters into the Combo boxes. The user can select the investigating input or output values of the 

probabilistic simulations and draw the charts in various form.  

Hint: the user can zoom in or zoom out on the generated charts with this tool by scroll wheel on the 

mouse. Click and drag the drawn charts moves the view window on the chart. In order to reset the 

status of the chart viewer, the chart should be redrawn with the related button.  

This tool is very flexible concerning the number and source of the input and output values of the 

probabilistic simulations.  
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5.3.2.1. Drawing line charts 

Line charts are often used to perform the uncertainty analysis on output values of a simulation. In most 

cases, the simulator generates time dependent values in each run which can be displayed in a 

continuous form of a line over the time axis. Figure 86 illustrates the concept of drawing lines with the 

time dependent values (Y) for three realizations (R1, R2 and R3).  

 

Figure 86. Time dependent sets of values in the form of lines chart (left) and list of values (right)  

 

The user can select the source of the values which should be displayed in the line chart form. These 

values are listed in the provided X Item and Y Item combo boxes which are placed on configuration 

panel of the Curves in Chart Tool (See Figure 87). In addition, checking the Log checkbox which is placed 

beside each combo box transforms the values in that combo box into their decimal logarithms. It means 

that the line chart will be drawn according to the logarithmic values of the selected items in check 

boxes. 

 

Figure 87. Configuration panel for drawing line charts 

Another functionality provided in the Curve configuration panel of the Chart Tool is the Functions group 

box. It provides functionalities to draw common quantiles such as maximum, minimum, mean and 

median by checking the related item.  

Optional percentiles can be also requested by the user to be drawn. The intended percentage values 

should be inserted in related textbox. If the intended values are more than one, they should be 

separated by semicolons. For example, given values as 88; 98 in the quantiles field create two additional 

lines on the drawing lines (See Figure 88). 

 Source of the charts 

Transform values into 

logarithmic space 

Additional Functions 

Optional Quantils 
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Figure 88. Drawing the 88% and 98% of values in time point of X axe 

5.3.2.2. Drawing Plots 

The second side tab of the Chart Tool provides the functionalities to plot the values against each other 

in the form of points (scatterplots). This option is usually used as a tool to perform the sensitivity 

analysis. In this case, the input values of the probabilistic simulation models are plotted against the 

output values.  

 

Figure 89. Configuration panel for drawing plots 

If the selected values are not single point in each run of the simulations (realization), the Quantity of 

interest function (for more details, please check 5.3.1) helps to select a single value from the selected 

values in the Y Item combo box. The Quantity of Interest Factor combo box provides the required 

additional array for the quantity of interest function if the Integration over… or Time of the Max Value 

is selected. 

The Log checkboxes can transform the selected values of the X Item and/or Y Item into decimal 

logarithmic space.  

Selecting the Linear Regression check box calculates the Linear Regression of the plotting points and 

draws a green line with the calculated linear function.  

Available Quantity of 

Interest functions 

 Source of the charts  

Additional analysis 

functions  
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Figure 90. Using Linear and Non-linear regression functions 

The Non-Linear Regression checkbox uses the Cosine Regression (Plischke, 2012) to calculate and plot 

the blue points in addition to the plotted points of X and Y Items. 

5.3.2.3. Drawing Histograms 

The histograms are used to display the distribution of a set of values. Each value used to draw a 

histogram represents one single run of the simulation. It means, in the case of time dependent values, 

the Quantity of Interest function (See quantity of interest function) is necessary to select a single value 

for each run of the simulations.  

The Histogram tab provides a combo box to select the considered value and the quantity of Interest 

function for the cases that the selected item is not a single value in each realization. The Quantity of 

Interest Factor combo box provides the required additional array for quantity of interest function if the 

Integration over… or Time of the Max Value is selected. 

 

Figure 91. Configuration panel for drawing histogram charts 

 

The number inserted as Bins specifies the number of histogram columns. It divides the range of 

displayed values into a series of intervals with same length. It can vary between 1 and 100. Figure 92 

illustrates 300 points in the form of 100 bins for permeability values generated by embedded input 

sampler of the ReSUS Model Designer. 

Quantity of Interest 

functions 

Source of the charts  

Number of bins 
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Figure 92. Using histogram to show the logarithmic uniform distribution of the Permeability values 

 

5.3.2.4. Exporting Charts 

The Chart tool can export the Charts in various graphical file formats: 

1. PDF Documents 

2. SVG Documents 

3. Postscript Documents 

4. Various Images  

The exported graphics includes the additional information fields such as number of points, source data 

files and the generation date. With the help of these fields, one can later rebuild these illustrated 

results from the source values. 

5.3.3. Export tool  

This tool displays the tabular form of input and output parameters of the ReSUS Simulation Models. 

Furthermore, it provides the functionality to calculate the Pearson and Spearman’s correlation 

coefficients of two groups of input and output values. Export tool can display and export the values as 

CSV or XLS format files. This tool reads the output files of the Result Converters and presents their 

content in the hierarchical form of Realizations and Parameters (See Figure 93). 
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5.3.3.1. Realizations  

The realizations tab shows the values stored in the selected binary files. These binary files are 

generated regarding defined properties for Result Converter items in ReSUS Simulation Model. The 

realizations stored in a binary file are listed under the node corresponding to that file in the tree view. 

The tree node related to the binary file should be expanded to display their related realizations. By 

clicking on each realization node, the input and output values of the selected realization will be 

presented in the provided tables (See Figure 93).  

 

Figure 93. Presenting the input and output values of the first realization 

5.3.3.2. Selecting and exporting data 

Viewing the Realizations in the form of the Checkboxes in the Tree View allows the user to check the 

realizations and export them into a XLS or CSV file. Each realization node contains the input and output 

values for one single run of the simulation. This subsection describes how to select and export the 

intended values into third party formats. 

Hint: single checking of the realizations nodes is easily possible with a mouse click. A binary file node 

is checkable, once at least one member realization node of it is checked. However, unchecking a binary 

file node will uncheck all its checked child nodes (realizations).  
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Figure 94. Configure Export dialog box 

 

After selecting the intended binary files and realization nodes which should be exported, the Export as 

button should be clicked. Clicking on this button opens a window to configure the format of exporting 

file. Figure 94 illustrates this dialog window. It consists of five group boxes which are introduced as 

following:  

1. Parameter Type Selection: if the parameter type is not specified, the Export Tool writes all the 

input and output values of a realization into the exported file. The user can change this by 

selecting one of the checkboxes in the Parameter Type Selection group box. The user can 

specify which type of the values (only input or only output) should be stored in the exported 

file.  

2. Quantity of Interest: the concept of the Quantity of Interest function is introduced in section 

5.3.1. The combo box embedded in this part provides only the maximum functionality of this 

concept. The user can specify whether all of the related values to the realization should be 

included in the exported file, or only the Maximum values should be extracted. Figure 95 

illustrates how the Maximum values as Quantity of Interest will extracted. It generates only a 

single row of values for each realization 
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Figure 95. Exporting the maximum values from a realization with (right) and without (left) Maximum as 

Quantity of Interest 

 

3. Export Style: this option determines the structure of the Realizations which are saved in the 

exported file. Selecting the single column option writes each realization after another vertically 

in one single document (txt file or excel sheet). Selecting the multi column format stores each 

realization in separate text files or excels sheets 

4. Export File Format: specifies the format of the exporting file. Excel files and CSV files available 

in this option. Almost every third-party program can read and analyze these file formats 

5. Export Path: defines a path to a directory for saving the exported files(s). Note that this path 

should be valid directory 

Hint: selecting multi Column as Export Style and CSV as Export File Format creates one file per each 

realization the name of which is based on name of the source binary file and the number assigned to 

the realization. For example, leve_E_output.dat.0.txt contains the values of the first realization from 

the level_e_output.dat binary file.  

At the end, click on the OK button to export the values within specified files. It can take a while 

depending on the number of realizations which should be exported. 

5.3.3.3. Correlations 

Export Tool can also calculate the correlation coefficient for all the participating parameter values in a 

probabilistic simulation. The Correlations Tab provides this functionality to select the input and output 

values and calculate correlation coefficients of them.  

Columns with more than one value 

Maximum 

Quantity of interest = 

Maximum 
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Figure 96. Calculating the Correlation Coefficients 

Figure 96 shows that the considered input and output parameters can be selected with checkboxes. 

This method uses the maximum values of the output values if they have more than one value per 

parameter. 

Click on Calculate the Correlation button shows the result of the correlation coefficient calculations 

with the Pearson and Spearman’s method for each pair of the selected input and output parameters. 

Click on the Export the Correlation Table opens a dialog box to save the calculated correlation 

coefficients in a Microsoft Excel (XLS) or a text based Comma Separated Values (CSV) formatted file. 

The format should be specified in the data type combo box on the opened dialog box (See Figure 97). 
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Figure 97. Specifying the Output format and path for calculate correlation coefficients 

 

6. Additional functionalities provided in ReSUS Model Designer 
This section introduces two additional functionalities, which are embedded in the ReSUS Platform. 

These options are not mandatory parts of ReSUS and are only developed to improve the flexibility of 

it.   

6.1. Regular expressions checker 
Working with regular expressions is complicated. If the regular expression inserted by the user is not 

suitable for recognizing the considering the data format, then the ReSUS will not be able to extract and 

save the simulation results. In order to solve this problem, a tiny Regular Expression Checker program 

is embedded in the ReSUS Model Designer. This tool is available by click on RegEx Checker button on 

the regex tab in Properties View of each Result Converter. This Tool provides a way to check if a line 

of text matches to a regular expression. 

The defining Regular expression should be inserted into RegEx field. It can be typed or inserted with 

the help of Int, space or double buttons (See Figure 98).  

Click on the Matches? button starts to check if the submitted regular expression matches the text in 

the row of text field. The messages reported inside the provided text area can be also helpful to correct 

or change the regular expression in the case of failure. Figure 98 illustrates the result of the matching 

verification for the inserted text which contains numerical values. 
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Figure 98. RegEx Checker Tool 

6.2. Parallel execution of the simulators 
The ReSUS Platform is equipped with a multithreading functionality to perform the simulation in 

parallel mode. In this mode, any external simulator assigned to the ReSUS Platform will be executed 

separately by a thread parallel to other simulators. 

In order to use this functionality, the user can click on parallel run under the Run ReSUS Model menu 

or click on the provided button on the toolbar. Calling the simulation in the parallel mode requires a 

probabilistic simulation model in Resus with at least two executables which are assigned to two Model 

Frame components. Since the simulation programs will be executed concurrently, they should have 

different input files. These buttons are shown in Figure 99. 

 

Figure 99. Running the simulation in parallel mode 

The number of threads should be specified by the user in the appearing dialog box (shown in figure 

92). 
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Figure 100. Specify the level of the parallelization 

Hint: using multithreading method does not always lead to increasing the speed up the simulation. 

 

6.3. Running ReSUS on Command Prompt 
Executing the core component of ReSUS from a command line is possible. The executable file of the 

Core of ReSUS is located under the core directory in the installation package. Executing this file requires 

some additional parameters. The significant parameter is the path to the ReSUS Simulation Model file. 

Calling the ReSUSCore.exe without this parameter returns the depicted message in Figure 101. It 

describes also the optional parameters which can be sent to the Core component to start the 

simulation. 

 

Figure 101. Calling the ReSUSCore.exe from Command Prompt 

The number after the -t parameter defines the number of threads if the parallelization is needed. E.g. 

adding -t 5 to the command line parameters starts the simulation with five threads concurrently. If the 

specified number for threads is greater than the Model Frames existing in the simulation, it will be 

automatically set to the number of Model Frame items.  

The file name after -x is the scheme for the XML file. It will validate the content of the XML file, which 

contains the definition of the simulation. This part is still under construction and will be completed in 

the next generations of the ReSUS Platform.  

Enabling the debug with the -d switch provides the step by step running of the simulation. It can be 

useful to control input and output files of simulators for each step of simulation run.   

To run the ReSUS Core from Command Line, write the following command with a valid xml file on in 

the command line window and press enter: 

<installation package>\core\resusCore.exe <projectFolder>\mysimulation.xml 
 

6.4. Running the Chart Tool from the Command Prompt 
Running the Chart Tool executable from the command prompt requires an argument. This argument 

specifies a path to an XML file as argument. This XML contains the list of binary files (output files of 
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Result Converter) which are used as source file for generated charts. Each binary file is listed in the XML 

file inside a <chartItem> tag. 

 

Figure 102. Calling the ReSUSCharts from Command Prompt 

This XML file must have the following structure: 

 

<?xml version="1.0" encoding="utf-16"?> 

<chart> 

    <chartItem> 

        <fileName> 

[Path and name of the binary file which contains the result convertor results] 

</fileName> 

    </chartItem> 

</chart> 
 

The following command executes the Chart Tool. The registered binary files inside the chartitem.xml 

file are accessible in Chart Tool to create charts. 

<Installation Pacakge>\charts\resuschart.exe <pathToXML>\chartitem.xml    
 

It is also allowed to user more than one <chartItem> tag in an XML file. This option will be used in 

ReSUS Simulation Models with more than one Result Converter item. The following example 

demonstrates this functionality: 
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<?xml version="1.0" encoding="utf-16"?> 

<chart> 

    <chartItem> 

        <fileName>  

[Path and name of the first result convertor results file]  

</fileName> 

    </chartItem> 

    <chartItem> 

        <fileName>  

[Path and name of the third result convertor results file]  

</fileName> 

    </chartItem> 

    <chartItem> 

        <fileName>  

[Path and name of the fourth result convertor results file]  

</fileName> 

    </chartItem> 

 

</chart>  
 

6.5. Running Export tool from command prompt 
Since Export Tool is a stand-alone application (like other components of the ReSUS Platform), it can be 

executed directly via the command prompt. It should be executed with a path to an XML file as 

argument. This XML file should contain the list of the binary files which their content would be loaded 

in Export Tool. This XML file should be structured as following:  

 
<?xml version="1.0" encoding="utf-16"?> 

<exportItems> 

    <exportItem> 

        <fileName>[full path to the result converter output file]</fileName> 

        <title>[the title in list of export tool window] </title> 

    </exportItem> 

    <exportItem> 

        <fileName>[full path to the result converter output file]</fileName> 

        <title>[the title in list of export tool window] </title> 

    </exportItem> 

 

. . . 

 

    <exportItem> 

        <fileName>[full path to the result converter output file]</fileName> 

        <title>[the title in list of export tool window] </title> 

    </exportItem> 

 

</exportItems>  
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As demonstrated in the example above, the <exportItems> can contain more than one <exportItem> 

tags. 

The following command starts Export Tool from the command prompt window:   

<Installation Path>\export\resusExport.exe <pathToXML>\myexportelements.xml   
 

7. Probabilistic simulation examples 
Some of the probabilistic simulations that are performed with the ReSUS Platform are introduced in 

this section. The examples mentioned in this section are also available in the installation package of 

the ReSUS Platform which could be found at the examples directory (note that some of the simulator 

programs are free software and the users should provide the proper license for their use). In order to 

work with stored ReSUS Simulation Models in the examples folder, it is necessary to set the valid paths 

to the external executables, Input Providers and Result Converters.  

7.1. Building a probabilistic simulation model with Level-E 
The example presented in this part shows how to bind the level-E simulator to the ReSUS Platform. 

Also, performing the probabilistic simulation with the varying input values of the deterministic 

simulator is described here. Using level-E simulator requires special license and is not a free software. 

7.1.1. Designing simulation model 

1. Open the ReSUS Model Designer 

2. Right click on the Package Explorer and select New > New ReSUS Project 

3. Enter a name and a path for locating the project files on the disk  

4. Click Next, and then click Finish   

5. Drag a Model Frame, an Input Provider and a Result Converter from Palette into the Editor 

View and connect them as is depicted in Figure 103 

 

Figure 103. Simple Model design for Level-E 
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7.1.2. Assigning the Executable  

1. Copy the gtmle.exe from the level-E folder of the examples from the installation package into 

a folder on the hard disk. Please make sure that you have the license to use this software 

2. Double click on Model Frame and set its working directory to the path where the gtmle.exe 

simulator is stored 

3. Create an empty text file with the name input.sam.tmp in the submitted working Directory of 

the Model Frame 

4. Open the Executor tab and type gtmle.exe into the Executor field  

5. Type input into the Exe Parameters field 

6. Open the Input Templates tab and click on Add Existing Template File button 

7. Select input.sam.tmp in the opened Select File dialog to add this file into the list of template 

files  

8. Click on the Edit Template button of the input.sam in the list of template files to open the 

Template Editor 

9. Insert the following text into input.samp template file which is currently open in the editor 

0 

1 

12 

0 

<$1> <$2> <$3> <$4> <$5> <$6> <$7> <$8> <$9> <$10> <$11> <$12> 
 

10. Save the template and then close the template editor 

11. Go to Output File tab and enter output.dat in the File Name field, then click on Add To List 

button 

12. Double click on the Result Converter in the Editor View and then open the Result Converter 

tab from Properties View 

13. Select the full path to the output.dat file which is available in the Input File combo box 

14. Open Regex Tab and enter the following regular expression (or click on Space and Double as 

following order: [space] [double] [space] [double] [space] [double] [space] [double] [space] 

[double] [space] [double]) 

(\s+)([-+]?[0-9]*\.?[0-9]+([eE][-+]?[0-9]+)?)(\s+)([-+]?[0-9]*\.?[0-9]+([eE][-+]?[0-9]+)?)(\s+)([-+]?[0-9]*\.?[0-9]+([eE][-+]?[0-

9]+)?)(\s+)([-+]?[0-9]*\.?[0-9]+([eE][-+]?[0-9]+)?)(\s+)([-+]?[0-9]*\.?[0-9]+([eE][-+]?[0-9]+)?)(\s+)([-+]?[0-9]*\.?[0-9]+([eE][-

+]?[0-9]+)?) 

 

15. Click on Space button to insert [[:space:]]as Column Delimiter 

16. Insert following indexes in the existing table on Regex tab: 

i. index=0; Tag= time; Unit= year; Coefficient=1  

ii. Index=5; Tag= Concentration; Unit= kg/m3, Coefficient=1 

17. Open the Output Management Tab and click on Browse button. Enter a name for the Output 

File and press enter. The full path to the selected file will be inserted in the Output File field   
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7.1.3. Sampling input values 

The gtmle.exe file needs 12 parameters as its input that will be delivered in the input.sam file. The 

input.sam file will be automatically generated by ReSUS based on the structure of the input.sam.tmp 

file. 

In order to generate random values for probabilistic parameters of this simulation, please perform the 

following steps: 

1. Double click on Input Provider on the Editor View to load its Configurations tab into the 

Properties View 

2. Click on Generate New Sample File button  

3. Enter level-E sample in the Parameter Template Name field 

4. Enter the parameter configuration that is listed in the Table 4 

Hint: the presented configurations in Table 4 are also available as a file with the name leveleinput.ptml 

in the level-e folder under the example folder of ReSUS installation package. In order to use this file, 

perform the following steps: 

1. Close the Sample Generator wizard  

2. Copy leveleinput.ptml from its folder  

3. Right click on current project in the Package Explorer and select Paste 

4. Open the Sample Generator wizard by clicking on the Generate New Sample File  

5. Click on Load template button and select leveleinput.ptml from the opened dialog 

6. The list of parameter configurations should be inserted in the table  

 

Table 4. Paramter Configurations for probablistic simulation of Level-E Model 

Index Parameter Description Unit Distribution Interval 

1 T Period of time up to container failure year Uniform 100-1000 

2 KI Release rate of iodine l/a Log- Uniform 0.001-0.01 

3 Kc Release rate of Np-chain l/a Log- Uniform 10-6-10-5 

4 UT Distance flow rate in Geo-layer 1 m/a Log- Uniform 0.001-0.1 

5 VT Length of Geo-layer 1 m Uniform 100-500 

6 WXT Retardation factor for iodine in Geo-layer1 - Uniform 1-5 

7 <YT Retardation factor for Np-chain in Geo-layer 1 - Uniform 3-30 

8 U9 Distance flow rate in Geo-Layer 2 m/a Log- Uniform 0.01-0.1 

9 V9 Length of Geo-Layer 2 m Uniform 50-200 

10 WX9 Retardation factor for iodine in Geo-Layer 2 - Uniform 1-5 

11 <Y9 General conversion factor for the retardation 

factor of Np-chain in Geo-Layer 2 

- Uniform 3-30 
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12 W Looked volume of river water in the biosphere 

per year 

m3/a Log- Uniform 105-107 

 

7. Click Next  

8. Enter a file name to save the H5 files  

9. Select Simple as Sampling Method  

a. Note that the Simple as a Sampling Method is optional and the user can also choose 

the other Sampling Method. Choosing simple as sampling Method can generate the 

similar results to the presented ones in this user guide 

10. Enter 300 as sample size 

a. Note that the sample size depends on the model type and the accuracy of the 

probabilistic simulations. Giving 300 as sample size in this example is because of having 

a visible effect of the probabilistic simulations. The user can set also another value for 

this field 

11. Click on Generate Sample button 

12. Click on Next button and afterwards click on Finish button to close the sample Generator 

Wizard 

7.1.4. Performing the simulation  

Open the Run ReSUS Model from menu bar and click on run single which should start to run the 

simulation. The end of simulation will be informed on the Console view. 

7.1.5. Demonstrating the results 

Open the Output Viewer View in the ReSUS Model Designer and click on Export Tool.   
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Figure 104. Tabular form of the Level-e defined input and output values for 7th realization 

 

Use the Chart Tool to draw curves of the time and Concentration values against each other. 

 

 

Figure 105. Output values of Level-e in Curves form 
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Figure 106. Plotting the input and output parameter values of the Level-E model 

7.2. Probabilistic simulation of the Ishigami Model 
This example demonstrates how to apply the Ishigami function written in C++ into the ReSUS Platform 

and perform the probabilistic simulation.  

7.2.1. Designing the Model 

1. Open the ReSUS Model Designer 

2. Right click on the Package Explorer and select New > New ReSUS Project 

3. Enter a name and a path for locating the project files on the disk  

4. Click Next, and then click Finish   

5. Drag a Model Frame, an Input Provider and a Result Converter from Palette into the Editor View 

and connect them in the way that is depicted in Figure 103 
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Figure 107. Simple Model design for Level-E 

 

 

7.2.2. Assigning the Executable  

1. Select the ishigami.exe and four DLL files beside it and copy them. These files are located in 

Ishigami folder under the examples folder in installation package of the ReSUS  

2. Paste the copied files into a folder in the hard disk 

3. Double click on Model Frame and set its working Directory to the path where the ishigami.exe 

is pasted 

4. Create an empty text file with the name input.txt.tmp in the submitted Working Directory of 

the Model Frame 

5. Open the Executor tab and type ishigami.exe into the Executor field  

6. Type input into the Exe Parameters field 

7. Open the Input Templates tab and click on Add Existing Template File button 

8. select the input.txt.tmp file with the help of Select File dialog  

9. Click on the Edit Template from the newly added input.txt.tmp to the table in the Input 

Templets tab 

10. Enter the following text into the opened template file in the editor 

<$1> <$2> <$3> 
 

11. Save the template file from File > Save and close the Template Editor 

12. Go to output file tab and enter type output.txt in the File Name field and click on Add To List 

button 

13. Double click on the Result Converter item on the Editor View, and then open the Result 

Converter tab in Properties View 

14. Select the full path to the output.dat in the Input File combo box 

15. Open Regex Tab and enter the following regular expression  

([-+]?[0-9]*\.?[0-9]+([eE][-+]?[0-9]+)?) 
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16. Click on Space button to insert Column Delimiter 

17. Insert following index in the existing table on Regex tab: 

i. index=0; Tag= result; Unit= -; Coefficient=1  

18. Open the Output Manipulation Tab and click on Browse button. Enter a name for the output 

file and press enter. The full path to the selected file will be inserted in the Output File field   

 

7.2.3. Sampling input values 

There are three parameters required for generating the input.txt file. It will be generated automatically 

by ReSUS due to defined structure in the input.txt.tmp file. The Sample Generator wizard will be used 

in this step to generate the corresponding input values for Ishigami function. 

1. Double click on Input Provider on the Editor View to load its Configurations tab into the 

Properties View 

2. Click on Generate New Sample File button  

3. Enter level-E sample in the Parameter Template Name field 

4. Enter three parameters with the following configurations: 

a. Index = 1; name = x1, Unit= -, Distribution: Uniform, min= -3.1415, max= +3.1415 

b. Index = 2; name = x2, Unit= -, Distribution: Uniform, min= -3.1415, max= +3.1415 

c. Index = 3; name = x3, Unit= -, Distribution: Uniform, min= -3.1415, max= +3.1415 

d. Index = 4; name = dummy, Unit=-, Distribution: Uniform, min=-3.1415, max=+3.1415 

5. Click Next  

6. Enter a file name to save the H5 files (using Browse button can be helpful) 

7. Select Simple as Sampling Method  

8. Enter 300 as sample size 

a. Note that the sample size depends on the model type and the accuracy of the 

probabilistic simulations. Giving 300 as sample size in this example is because of having 

a visible effect of the probabilistic simulations. The user can set also another values for 

this field 

9. Click on Generate Sample button 

10. Click on Next button and afterwards click on Finish button to close the sample Generator 

Wizard 

7.2.4. Performing the Probabilistic simulation  

Open the Run ReSUS Model from menu bar and click on run single, which would initiate to run the 

simulation. Wait until the end of simulation is informed on the Console view. 

7.2.5. Demonstrating the results 

Use the Plot tab from Chart Tool to plot the X1, X2, X3 and X4 toward result values. It should be simi-

lar to the depicted results in Figure 108.  
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Figure 108. Scatterplots generated by the ReSUS Platform according to the results of Ishigami model 

 

7.3. Biosphere model (Ecolego)  
Biosphere model is a C++ program, written by Willy Cicieor. This program reads the name of its input 

file from command line arguments and generates a double value as Dose in a text file with the name: 

output_biospheremodel_middle_europe_Cfb.txt.  

7.3.1. Model Design 

The designated model for this simulation is depicted in Figure 109. 

 

Figure 109. Design of simple model for biosphere Model simulation 

7.3.2. Assigning the Executable  

1. Copy the biospheremodel.exe and all DLL files which are placed next to it. These files are 

available in biosphere folder under the examples folder of the installation package 

2. Paste the copied files into a folder in the hard disk 

3. Double click on Model Frame and set its working Directory to the path where the 

biosphermodel.exe is pasted 
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4. Copy the file with the name input_biospheremodel_middle_europe_Cfb_I-129.txt.tmp from 

example projects folder into the submitted working Directory of the Model Frame 

5. Open the Executor tab and type biosphermodel.exe into the Executor field  

6. Type input_biospheremodel_middle_europe_Cfb_I-129.txt into the Exe Parameters field 

7. Open the input templates tab and click on Add Existing Template File button 

8. Select input_biospheremodel_middle_europe_Cfb_I-129.txt.tmp in the Select File dialog 

9. Click on the Edit Template from the newly added 

input_biospheremodel_middle_europe_Cfb_I-129.txt to the table in the Input Templets tab 

10. Enter the following text into the opened template file in the editor 

11. Save the template file from File > Save and close the template editor 

12. Go to output file tab and enter output_biospheremodel_middle_europe_Cfb.txt in the File 

Name field and click on Add To List button 

13. Double click on the Result Converter on the Editor View, open the Result Converter tab in 

Properties View and select the full path to the 

output_biospheremodel_middle_europe_Cfb.txt in the Input File combo box 

14. Open Regex Tab and enter the following regular expression or click six times on Space and 

Double button to build the regular expression 

([-+]?[0-9]*\.?[0-9]+([eE][-+]?[0-9]+)?) 
 

15. Click on Space button to insert Column Delimiter 

16. Insert following index in the existing table on Regex tab: 

i. index=0; Tag= concentration; Unit= -; Coefficient=1  

17. Open the Output Manipulation Tab and click on Browse button. Enter a name for the output 

file and press enter. The full path to the selected file will be inserted in the Output File field  

 

7.3.3. Sampling input values 

There are 32 parameters required for generating the input.txt file. The Sample Generator wizard will 

be used to generate the corresponding input values for the biosphere model simulator. 

1. Copy the eclogeloinput.ptml form source of the example folders into the biosphere model 

project in the Package Explorer of the ReSUS Model Designer 

2. Double click on Input Provider of the Editor View to load its Configurations tab into the 

Properties View 

3. Click on Generate New Sample File button  

4. Click on load Template button and double click on biospheremodellnput.ptml from the 

opened dialog box (the input parameters and the related configurations are listed also in Table 

5) 

5. Click on Next button  

6. Enter a file name to save the H5 files  

7. Select Simple as Sampling Method  
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8. Enter 5000 as sample size 

a. Note that the sample size depends on the model type and the accuracy of the 

probabilistic simulations. Giving 500 as sample size in this example is because of having 

a visible effect of the probabilistic simulations. The user can set also another value for 

this field 

9. Click on Generate Sample button 

10. Click on Next button and afterwards click on Finish button to close the Sample Generator 

Wizard 

 

Table 5. Input Parameter configurations for Biosphere model by Cicieor* 

Index Name Unit Distribution log Min. Max. Mean SD Description 

1 Gras 

- 

Triangular  1,0E-02 9,0E-02 3,0E-02 - 
Interzeptions- 

faktor �5PG 
2 Mais Triangular  1,0E-02 9,0E-02 3,0E-02 -  

3 Getreide Triangular  1,0E-02 9,0E-02 3,0E-02 -  

4 Kartoffeln Triangular  1,0E-02 9,0E-02 3,0E-02 -  

5 Blattgemüse Triangular  1,3E-02 1,2E-01 4,0E-02 -  

6 Fruchtgemüse Triangular  1,3E-02 1,2E-01 4,0E-02 -  

7 Obst Triangular  1,3E-02 1,2E-01 4,0E-02 -  

8 Getreide 

- 

Triangular  3,0E-02 2,7E-01 9,0E-02 - 
Translokationsfaktor  �G 

9 Kartoffeln Triangular  3,3E-02 3,0E-01 1,0E-01 -  

10 Blattgemüse Triangular  3,3E-01 3,0E+00 1,0E+00 -  

11 Fruchtgemüse Triangular  3,3E-02 3,0E-01 1,0E-01 -  

12 Obst Triangular  3,3E-02 3,0E-01 1,0E-01 -  

13 Acker 

a-1 

Truncated 
Gauss 

√ 
3,73E-

03 
8,73E+00 

8,57E-
02 

8,57E-
02 

Bodenmigrations-
konstante  Z1 

14 Weide 
Truncated 

Gauss 
√ 

9,32E-

03 
2,18E+01 

2,14E-

01 

2,14E-

01 
 

15 Gras 
Bq kg 
TM-1 

kg TM 
Bq-1 
bzw.  
Bq kg 
FM-1 

kg FM 
Bq-1 

Truncated 
Gauss 

√ 9,0E-04 5,0E-01 4,5E-02 
1,4E-

01 

Boden-Pflanze-
Transferfaktor  �4[ 

16 Mais 
Truncated 

Gauss 
√ 1,0E-02 1,0E+00 1,0E-01 

1,0E-

01 
 

17 Getreide 
Truncated 

Gauss 
√ 1,0E-04 1,1E-02 1,4E-03 

2,8E-

03 
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Index Name Unit Distribution log Min. Max. Mean SD Description 

18 Kartoffeln 
für 

Obst 

Truncated 

Gauss 
√ 1,0E-02 1,0E+00 1,0E-01 

1,0E-

01 
 

19 Blattgemüse, 
Truncated 

Gauss 
√ 1,1E-03 1,0E-01 1,6E-02 

2,9E-

02 
 

20 Fruchtgemüse 
Truncated 

Gauss 
√ 1,0E-02 1,0E+00 1,0E-01 

1,0E-

01 
 

21 Obst Uniform √ 4,1E-04 3,1E-02 - -  

22 alle Böden - Triangular  1,0E+00 5,0E+00 3,0E+00 - 
Anreicherungsfaktor  �\ 

23 Rindfleisch 

d l-1 
(für 

Milch) 
bzw.  
d kg 
FM-1 

Uinform √ 2,0E-03 3,8E-02 - - 
Biokonzentrationsfaktor �]^ 

24 Schweinefleisch Uniform √ 1,5E-02 6,6E-02 - -  

25 Schaffleisch 
Truncated 

Gauss 
√ 3,0E-03 3,0E-01 3,0E-02 

3,0E-

02 
 

26 Geflügelfleisch Uniform √ 4,0E-03 1,5E-02 - -  

27 Milch 
Truncated 

Gauss 
√ 4,0E-04 2,5E-02 9,1E-03 

7,0E-

03 
 

28 Ei Uniform √ 1,9E+00 3,2E+00 - -  

29 Fisch 
l kg 

FM-1 
Uniform √ 1,0E+02 4,5E+04 - - 

Bioakkumulationsfaktor �]7 

30 
Sorption, 
oxydisch 

l kg 
TM-1 

Uniform √ 2,2E+01 8,6E+05 - - 
Sediment-Wasser-

Verteilungskoeffizient _`,4a  

31 alle Böden kg m3 Triangular  0,0E+00 2,0E-07 2,0E-08 - 
Staubgehalt der 

Atmosphäre b` 

32 
alle Pflanzen 
(10-; 20-; 30-d-
Äquivalente) 

d-1 Triangular  
2,32E-

02 
6,93E-02 

3,47E-
02 

- 
Abwitterungskonstante Za 

*in order to use the truncated Gauss distribution in the table above, select the Truncated Gauss 2 as 

distribution for parameters in Sample Generator Wizard. Since these values are provided from the 

study of Willy Ciecior, the description of the input parameters and their names are in German. For more 

information please refer to (Ciecior & Ghofrani, 2016) 

7.3.4. Performing the Probabilistic simulation  

Open the Run ReSUS Model from menu bar and click on run single, which starts the simulation. Wait 

until the end of simulation is announced on the console view. 
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7.3.5. Analyzing the Results 

This subsection presents the Export tool to display the result values of the biosphere model simulation. 

Open the Coefficient tab and select all the input and the output parameter from Tree Views.  

 

Figure 110. Calculating the correlation coefficient values 

Click on the Calculate Coefficient button and wait until the coefficient table appears. This table contains 

the Pearson and Spearman’s correlation coefficients for all the 32 input parameters against the output 

parameter. 
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Figure 111. Calculated correlation coefficients for biosphere model 

7.4. Modeling the TOUGH2 simulation with ReSUS Platform 
Implementing a probabilistic simulation for models which are implemented in TOUGH2 simulator is a 

little bit different because of the following reasons: 

1. The TOUGH2 Program is written in FORTRAN and the input for the simulator is formed in a 

matrix instead of a text file. The input values for TOUGH2 program need to be placed in 

specified places in a template files with certain field lengths. In addition, the length of the 

values and the field which is used by them is important.  

2. TOUGH2 doesn’t work with input and output files. By default, the input of the simulation is 

inserted into standard input of the TOUGH2 process. The input redirection (<) is used to 

redirect the content of a file into the TOUGH2 executable and the output redirection (>) is used 

to collect the generated log by TOUGH2 throughout the execution. Using stream redirection is 

not supported by the ReSUS model frames 

3. The output of the TOUGH2 (the file is named Plot_PSdat in our example) is not formed in 

columns. The output files of the TOUGH2 are divided into blocks of time-indexed values (Figure 

113) 

 

Figure 112. The Output format of the TOUGH2 and the time dependent concentration values, which must be 

retrieved 

Hint: in order to use the TOUGH2 executable please refer to the website of the TOUGH2 to get this 

software and its related licenses. The example folder of ReSUS doesn’t include this executable because 

of the copyright and license issues.  

The following steps are required to solve the aforementioned problems: 

1. Utilizing the <$> placeholders beside a colon and a number which specifies the length of the 

parameter field in the input template file of the TOUGH2. For the TOUGH2 case, <$1:10> 
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means that the parameter with index 1 should use 10 places in the input file. It also can be 

written in <$1:10␣␣␣␣␣␣> form to keep the structure of the template file unchanged 

2. Instead of direct assigning the TOUGH2.exe into the ReSUS Platform, create a batch file. Write 

the input file name with the stream redirection (<) to the TOUCH2.exe in the created batch file. 

Save it and assign the batch file in the place of executable for Model Frame in ReSUS Model 

Designer. The following code shows the content of such batch file. 1D3nuclides is the name of 

the input file and the output.txt is a text file which the output report of TOUGH2 should be 

written in it 

tough2.exe < 1D3nuclides >output.txt 
 

3. The TOUGH2TIME.exe is an accessory tool to convert the time indexed (not time dependent 

form) form of the output files of the TOUGH into a file which contains two columns for time 

and concentration. This file will be used also inside a bat file named t2t.bat. The first parameter 

of the TOUGH2TIME.exe is the output of the TOUGH2 that should be processed. The second 

parameter defines the value of the key word in the file (TIME in current example) and the last 

parameter is a 0 based index to select the value after key word. Therefore, TOUGH2TIME.exe 

Plot_PSdat TIME 5 > t2tout.txt calls the TOUGH2TIME to search the content of the PlotPSdat 

for key word TIME. The value which is assigned to the word TIME in the output of the TOUGH2 

will be recognized and the 6th value from text block after the TIME word will be printed 

(although the given index is 5, it uses 6th value because the indexes start from zero) 

 

Figure 113. TOUGH2TME working mechanism 

4. The t2t.bat file should have the following content. It defines that the Plot_PSdat is in fact the 

output file of the TOUGH2 which is not well formed 

 TOUGH2TIME.exe Plot_PSdat TIME 5 > t2tout.txt 

Figure 114 depicts the structure of each run step of probabilistic simulation by TOUGH2  in resus. In 

this structure the input parameters should be provided by an Input Provider item while the Model 

frame invokes the execTough2.bat file in each simulation run. The Result Converter item should also 

invoke t2t.bat file before starting the extracting the values from the assigned textfile to it with the 

defined regular expressions.   
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Figure 114. using batch files for adapting the TOUGH2 program into the Resus Platform 

 

In order to run a probabilistic simulation in TOUGH2 the template file for the input generation should 

be prepared. The following snippet of the TOUGH2 model shows the usage of the place holders in this 

structure. 

 

Figure 115. Templates file for generating Input of TOUGH2 with a fixed length placeholder 

Follow the following points in design of the simulation model:  

1. Design a model with an Input Provider, a Model Frame and a Result Converter in ReSUS Model 

Designer 

2. In the configuration of the Model Frame, input the name of the batch file which invokes the 

TOUGH2.exe with the input file name (in our example execTough2.bat) 

3. Use the template file for mentioned input file in the batch file for configuring the input 

templates of the Model frame. 

4. Introduce the output file of the TOUGH2, which contains the time indexed values (e.g. 

t2out.txt) 

5. Select the output of the Model Frame as the input of the Result Converter 

6. Configure the executable part of the Result Converter with the batch file which uses 

TIME2TOUGH.exe to convert the results of the TOUGH2 into the column formatted text file 

7. In the Executable tab of the Result Converter type the name of the mentioned output file of 

the TOUGH2TIME in the batch file (t2tout.txt in this example) 

8. Define the regular expression according to the output of the TOUGH2TIME.exe  
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