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Executive Summary 

 
In this Deliverable D4.3 we report on the delivery of the finalized and validated version of the 

OS multiscale environment which has been developed and implemented in the Project as 

described in the report of Deliverable D4.2. The last task of WP4, Task 4.3, has been 

dedicated to an overall testing and  optimization of the simulation environment aimed to check 

the integration of the different modules  and tools. Each workflow has been tested in order to 

achieve a thorough verification of its correct functioning and of the robustness of the solutions 

adopted. 

Feedback from the execution of simulation workflows in the validation WPs (WP5 and WP6) 

has been of valuable help for the finalization and optimization of the multiscale environment. 

In particular, the OS environment Database structure has been updated and finalized 

according to the results obtained in WP2 (see D2.5). In this way, the multiscale parametric 

linking has been accomplished. Finally, the finalized and validated OS multiscale environment 

has been released. All the documentation is available online at www.tibercad.org website 

together with the Open Source code of all the APIs developed in this project. 

 

 

 

 

 

 

 

http://www.tibercad.org/
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 Introduction 
 

Object of this report is the description of the last year of activities of WP4. During this last part 

of the project an overall testing and optimization of the OS multiscale interface (OSI) 

environment developed in WP4 (see report of D4.2) has been performed in order to check the 

integration of the simulation tools in the OSI. Each workflow has been tested to verify the 

strength of the solutions adopted (see Sec.2).  Regarding the optimization of the OSI, an effort 

has been dedicated to increase the degree of automation in the Input Panel of the application 

tools: in fact, in some cases, it’s possible to accomplish the configuration of data without the 

involvement of the user. The implemented solutions are described in Sec.3. In Sec.4 we show 

how the Database which implements a multiscale parametric linking in the project has been 

updated and finalized according to the ab-initio computed material parameters obtained in 

WP2 (see D2.5). A list of actions in order to stabilize UNICORE installation and make full use 

of all its security features is described in Sec.5. Finally, Task 4.3 requires the full 

documentation of the Open Source APIs code, which has been released together with the 

code on the www.tibercad.org website. Beside this, a User Guide to the implementation of the 

APIs in a UNICORE environment has been produced and published on the same website; in 

Sec.6 a brief extract of this documentation is presented. 

 

 

 Workflows test 
 

Two different DFT/Tight-binding workflows have been implemented in DEEPEN project, as it 

has been described in details in D4.2. For convenience, we summarize here how they work. 

The first workflow involves two open source codes for the DFT calculations 

(QuantumEspresso and Wannier90) and the proprietary tool OMEN for the tight-binding level 

(see Fig.1). 

http://www.tibercad.org/
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Fig. 1 – DFT/Tight-binding Workflow 

 

The second Workflow (see Fig.2) is an alternative DFT/Tight-binding workflow based on the 

DFT OpenMX tool and the TiMeS tool for the tight-binding calculations.  

 

Fig. 2 - DFT/Tight-binding alternative workflow 
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Both workflows have been demonstrated for D4.2. However, some work was needed to test 

the robust integration of the workflow modules in the simulation environment. The work done 

in the last period has been essentially addressed to verify that each step of the workflows is 

strong enough to work under all conditions. So each step has been tested individually with 

different inputs and, for each identified problem, a solution has been implemented. 

Two types of solution have been implemented: 

 Check and sanitize parameter values 

 Set limits for parameter values 

Just in one case we had to update the executable of a tool, due to an issue with interactive 

jobs in Unicore.  

In fact, the script named ReadHWhole required an interactive input from the user. Anyway, 

Unicore doesn’t support this type of jobs and, for the first release at month 24, we implemented 

a shell script with hard coded “answers” in order to hide the questions/answers process to the 

system. Of course, this was only an ad-hoc solution for that workflow with that inputs. 

Therefore, in view of the final release, the script to be run at that step was modified in such a 

way as to support an input file. In this way, interactive input is no more needed and the user 

only has to provide the input file through the Input panel of the related Gridbean. Below is an 

example of the new input file. 

2 !DFT_Type 
32, 256 !For DFT_TYPE 0&1 leftLead, rightLead ! for DFT_TYPE 2 numLeadWfs, numTotalWFs 
0,0 !nLeft, nRight 
0 !transpDir 

 

 

 Keywords system 
 

In order to generalize the Application GridBeans of the tools involved in DEEPEN project, a 

keywords system has been developed which can be used to extend the capabilities of the 

developed GridBean when it needs to fill in a file with results obtained from a previous 

calculation step or from a database in HDF format. 

Fig. 3 - Workflow 2 in Unicore Client. In red the step with interactive job 
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The new functionality has the ability to substitute keywords (defined as pieces of dynamic 

information) into the contents of the file itself. To make use of it one has to: 

1- create a new keyword (a label) and link it with a source of data (CDF file) 

 

2- insert the keyword into the template file specified in the CDF translators (Fig. 5) 

 

In this way the CDF translator will substitute the keyword with the data generated during the 

simulation at runtime. 

 

 

The main features of this system are the following: 

• It’s possible to define, edit or remove keywords through a graphical interface (Fig. 4) 

• User can define the source: CDF file or CDF database (Fig. 4) 

• Keywords visibility is at workflow level, so one can use the same keyword in more 

than one translator 

• Keywords are saved in xml format, so they can be shared with other users or 

workflows (see Fig. 6) 

Fig. 4 - Keywords definition panel 
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Fig. 6 - Xml file with all defined keywords in the workflow 

 

 

Fig. 5 - Database source and destination file with keywords 
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 Update and finalization of Database  
 

The DEEPEN Database has been updated and finalized according to the 

ab-initio computed band structure, structural, mechanical and piezoelectric 

parameters for both unstrained and strained III-V binaries and ternary alloys 

obtained in WP2 and reported in the Deliverable D2.5. This set of calculated 

material parameters has been thus integrated into the multi-scale 

environment developed in WP4, providing in this way a multiscale 

parametric linking between ab-initio atomistic simulation tools and drift-

diffusion simulators (Sentaurus-Device, TiberCAD). 

 
To be fully consistent with the parameters reported in D2.5, the database 

structure has been slightly modified, compared to the one showed in D3.1. 

New alloy concentration subgroups have been included inside the 

Mechanical Properties group (see Fig. 7). The same subgroups have been 

added inside WZ and ZB groups (which define respectively wurtzite and 

zincblende crystalline structure of the given material or alloy), to allow for storing of lattice 

constant parameters for an alloy. 

All the sets of parameters are now stored in our HDF based database and their values can be 

retrieved using the developed java API. This API is available together with the rest of OS code 

in the repository available on www.tibercad.org website. Moreover, a tool is available on the 

website to perform DB queries and retrieve the desired set of parameter data for a given 

material or alloy. 

 

 

 

 UNICORE installation 
 

A dedicated installation (customized as shown in D4.2) has been set up for DEEPEN project 

and a hands-on demonstration has been provided during the CECAM Workshop “Multiscale 

Simulation: from Materials through to Industrial Usage”, held in Dublin (Ireland) from 5 to 7 

September 2016.  

An installation with all the default values and without the use of digital certificates for 

authentication is anyway not recommended. Below you can find a list of actions taken 

regarding the UNICORE installation in order to harden it and make full use of almost all 

security features within UNICORE. 

1- Keystores and truststore must not contain test certificates such as the Demo CA 

certificate. These certificates have been created only for quickly getting a new 

UNICORE installation up and running. Demo certificates must also be removed from 

Fig. 7 - Alloy 
concentration groups 
inside mechanical 
properties 

http://www.tibercad.org/
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the XUUDB service that is used to map user credentials (an X509 certificate) to 

authorisation and incarnation attributes. 

2- By default, any UNICORE service can be registered in the registry. This eases the 

administrative effort required to run an infrastructure. However, allowing only 

registered services to add entries in the registry avoids this problem of arbitrary 

services being advertised to the user or malicious users removing valid entries from 

the registry. 

3- Activate CRL checking. Certificate Revocation Lists (CRLs) are a means for a 

certificate authority (CA) to revoke certificates that it issues. There are many reasons 

why certificates may need to be revoked. Most obviously this is required if the private 

key material of a user that belongs to the certificate has been obtained by a third party 

or is believed to have been obtained. 

4- Update Java to the latest version to avoid problems with known vulnerabilities. 

 

 Code Documentation and User Guide 
 

The final version of the multiscale OS environment has been released under the GNU Lesser 

General Public License (GNU LGPL). This guarantees that the core of the multiscale 

environment as well as all its Application Programming Interfaces (APIs) can be distributed 

and even modified freely. 

Part of the Task 4.3 has been dedicated to the full documentation of the developed APIs.The 

technical documentation of the APIs has been written in the standard Javadoc format, which 

is a well-known  tool for generating API documentation in HTML format from doc comments 

in source code. 

Beside the code documentation, we have prepared also a User Guide aimed to support future 

users in developing a Gridbean for Unicore with CDF API support. The goal of DEEPEN APIs 

is in fact to hide the complexity of HDF world and to enable any developer to write an HDF 

compliant code in an easy and fast way. Thus, the implementation of a new simulation tool, 

as well as its CDF translator API, in the DEEPEN OSI will be quite straightforward.  

In fact, based on the developed OSI core and using the same methodology shown in the 

examples, it should be possible to link alternative DFT codes to several other NEGF codes, in 

addition to OMEN and TiMeS. What is needed is essentially to implement the CDF translator 

API and the tool specific Gridbean, unless the new tool to be linked is not already supported 

in the environment. This shows clearly the OSI system flexibility and its potential to increase 

interoperability between simulation tools. 

We report in the following a brief “how to” extracted from the documentation that will be 

available on www.tibercad.org website together with the source code of the APIs. 

 

6.1 APIs User Guide (extract) 

 

http://www.tibercad.org/
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UNICORE applications are developed using Maven (https://maven.apache.org/).  

We recommend doing the same, because it will make the resolution of dependent libraries 

much easier. However, any build automation system for java like ant, gradle, etc. can be used. 

In order to start developing, you will have to setup a Maven project. A short introduction that 

should get you started with Maven can be found at (https://maven.apache.org/run.html). We 

will guide you through the essential steps here. 

mvn archetype:create -DgroupId=eu.unicore.app.deepen.omen -DartifactId=DEEPEN-omen 

That will generate an almost empty project with the right structure and a pom.xml file 

representing your project object model (POM), under the root of the project. 

Then there is a src directory that splits up in two hierarchies, main and test. The main part 

will be included in the generated artifact, the test part contains testing code that will be 

executed at build time to ensure your classes behave as expected. Let's focus on the essential 

part, being the main sources. Remove the App.java and AppTest.java files from your 

project, they are just examples. 

The UNICORE App will depend on specific UNICORE modules that are configured in the 

POM. Therefore, it is also required to add these and the UNICORE Maven repository to the 

POM. You can achieve this by adding the following to the pom.xml of your project. 

<project ...> 

  ... 

  <dependencies> 

    ... 

    <dependency> 

      <groupId>com.intel.gpe.clients</groupId> 

      <artifactId>gpe-gridbeans-swt</artifactId> 

      <version>2.2.5</version> 

    </dependency> 

    <dependency> 

       <groupId>eu.deepen.cdf</groupId> 

        <artifactId>cdf</artifactId> 

        <version>1.0</version> 

        <scope>system</scope> 

        <systemPath> 

          ${project.basedir}/src/main/resources/lib/cdf.jar 

        </systemPath> 

     </dependency> 

    ... 

  </dependencies> 

  ... 

  <repositories> 

    <repository> 

      <id>unicore-dev</id> 

      <url>https://unicore-dev.zam.kfa-juelich.de/maven</url> 

    </repository> 

  </repositories> 

  ... 

</project> 

 

UNICORE Apps are packaged as JAR archives, which Maven can generate for you. In order 

to provide a fully functional UNICORE App, one additional file has to be packaged inside the 

JAR file. This file only needs to be placed in a special location of your sources and it will be 

packaged along with the JAR. Under your project root, create a file at 
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src/main/resources/META-INF/gridbean.xml 

 

and put the following inside: 

<gb:GridBeansInfo xmlns:gb="http://gpe.intel.com/gridbeans"> 

   <gb:Name>OMEN</gb:Name> 

   <gb:Author>tiberlab</gb:Author> 

   <gb:Version>1.0</gb:Version> 

   <gb:Application>OMEN</gb:Application> 

   <gb:Description>Quantum transport solver</gb:Description> 

   <gb:GridBean>eu.unicore.app.deepen.omen.OmenGridBean</gb:GridBean> 

   <gb:Plugin 

type="gb:Swing">eu.unicore.app.deepen.omen.plugin.OmenPlugin</gb:Plugin> 

   <gb:ApplicationName>OMEN</gb:ApplicationName> 

   <gb:ApplicationVersion>1.0</gb:ApplicationVersion> 

</gb:GridBeansInfo> 

This is the UNICORE App configuration file. The meaning of the elements is as follows. 

Name: The name of this UNICORE App. 

Author: The author of the UNICORE App. Usually, that would be your name. 

Version: The version of this UNICORE App. It is shown along with the name in the 

applications palette of the workflow editor. It is also shown in the list of applications when 

creating a new job on a site. 

Application: The name of this UNICORE App. Usually the same as the plain Name 

element. 

Description: A description of this UNICORE App. 

GridBean: The fully-qualified name of the class in your UNICORE App that extends the 

AbstractGridBean class. 

Plugin: The fully-qualified name of the class in your UNICORE App that implements the 

IGridBeanPlugin<Component> interface. The type attribute must be either "gb:Swing" 

or "gb:SWT". There are abstract base classes available for each of these toolkits. These are  

com.intel.gpe.gridbeans.plugins.swing.GridBeanPlugin and 

com.intel.gpe.gridbeans.plugins.swt.SWTGridBeanPlugin respectively. 

ApplicationName: The name of your application as configured in the server. This will be 

used for matching computational resources that provide the application. Thus, 

gb:ApplicationName in gridbean.xml must match idb:ApplicationName in the server 

side IDB. 

ApplicationVersion: The version of your application as configured in the server. This will 

be used for matching computational resources that provide the application. If this App works 

with any version of the server side application, the ANY_VERSION keyword can be  used. 

gb:ApplicationVersion in gridbean.xml must match idb:ApplicationVersion in the 

server side IDB unless any version is sufficient. 
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Now you have setup the basic project for your UNICORE App and you can export it into jar 

file using Mavan with: 

mvn package 

UNICORE Apps can be directly installed in the UNICORE Rich Client (URC) by putting their 

JAR file into the applications folder of the URC installation directory. The default applications 

folder is located in the installation directory of the URC and called applications.  


