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MOlecular Simulation Engineering

� MOSE is a research structure aiming at developing 
computer-based techniques

� Research sectors
� Process simulation: process synthesis, design, modeling 

for chemical, biochemical, energy production 

� Material Sciences: thermo physical properties for 
materials, polymer technology and 
nanoscience/nanotechnology

� Life Sciences: drug-receptor interactions, drug-design, 
QSAR, drug-delivery…

� Data-base and Web Applications development



Multiscale modeling



..the situation in 2007

� CAPE-OPEN Toolkit 1.0
� CAPE-OPEN spec. 0.93 � 1.0 Unit operation
� CAPE OPEN Toolkit Object model 
� Proxy 
� Wizard to create VS2K5 project
� .NET Framework 2.0 and Visual Studio 2005



CAPE-OPEN Toolkit Object 
Model
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CAPE-OPEN Toolkit Wizard



… and after that?

� ..improve developer productivity…
� ..improve NON-DEVELOPER productivity…

� NON DEVELOPER in Computer Science, 
obviously

� A Process Engineer is familiar with Chemical 
Processes, not Computer Processes!!!

� .NET Framework 3.5 (2.0 sp1!), Visual Studio 
2008 and Visual Studio SDK 2008 from VSX 
Team

� What is VSX Team?



Microsoft VSX Team

� VSX Team is the group in Microsoft 
responsible for the Visual Studio Ecosystem

� Visual Studio is not only a tool to develop 
application

� Visual Studio is a Framework for building tools
� Which tools? Beyond others…

� New languages
� DSLs



What are DSLs?

� DSL is an acronym for Domain Specific 
Language
� A language that targets a specific domain
� A “vertical” language optimized for a specific 

work, not for EVERY work

� What is a DSL for Microsoft?
� A Visual Language…
� …a Designer-based Language



How to build a (visual) DSL

1. Identify the Domain
� CAPE-OPEN Unit/PMC

2. Identify the metaphor
� A unit “is” a system of equations

3. Identify the designer metaphor
� Describe PMCs as PMEs does with the 

processes…



The (visual) elements of the 
DSL



The equation system



Connecting the dots…



Static/Strongly typing

� Component flows, Pressure, Temperature have 
dimensionsl ( [mole/s], [atm], [K])

� Physical properties, calcualted by TMO, have also 
dimensions

� Independent variables in Equation systems are 
Dimensional Variables
� {t:temperature}

� {p:pressure}

� Example
� “You cannot connect a temperature property to a pressure 

independent variable”



How does this fits in Visual 
Studio?



Code-Behind

� The DSL generate the 
code for you

� Code can be 
customized

� Partial Classes
� Why customize

� Not everything can be 
expressed in designer 
mode



Step 1

� We have created a Visual Studio 2008 
package to be installed on existing Visual 
Studio 2008

� This is the proposed solution for developers
� Is this the end of the story?

� No



Exploring the model



Step 2

� A Visual DSL persists in three files
1. A MODEL file
2. A visual informations file
3. A code (behind) file

� DSLs are languages, not always “Visual”
� A DSL can be expressed in a textual (XML) 

format
� The MODEL file



The Model File

� The model file is 
another way to 
describe a unit

� A model file is 
ENOUGH to describe 
a unit, without any 
visual information

� How the model file can 
be useful?



Step 3: coc.exe

� The CAPE-OPEN (co) Compiler (c) command 
line interface

� It takes a model file as an argument (typed up 
with notepad also!) and generates the unit dll

� coc.exe is like csc.exe (the C# compiler) or 
vbc.exe (the Visual Basic .NET compiler) that 
comes with .NET distributions

� Model file can be edited with a standard XML 
editor (Notepad included!)

� … CAPE-OPEN Toolkit 2.0



coc.exe: a sample



Some hypotesis…

� coc.exe (or coc.dll, used as a .NET API) can 
be integrated directly into a PME

� A model file can be considered a standard 
structure (file) to pass information between 
PMEs
� This may be considered a STANDARD for Co-

Lan to describe Units in a total 
interoperable/independent way

� Up to now, coc.dll is at the basis of the VS2K8 
unit project



…last but not least…

Visual Unit Programming with 
CAPEOPENSTUDIO.NET



Visual Studio Shell

� Microsoft has separated in Visual Studio 
commercial products and EcoSystem (“free”) 
products

� Designers (ASP.NET, ADO.NET, Windows 
Forms, WPF, WCF, WF and so on) and tool (Unit 
Testing, Team Suite and so on) are commercial 
VS distributions

� Visual Studio Shell (main form, project, 
Automation Object Model, SDK, DSL) are “free”
(more precisely, licensed to developers of 
Windows/CLR based application – not for 
Mono/Linux developers, to be direct – for FREE)



The Visual Studio Shell

� Visual Studio Shell:
� Hosted 
� Isolated

� “Hosted” � “install Visual Studio” and customize it

� “Isolated” � “install the new Visual Studio Shell 
RUNTIME (no Visual Studio icon on desktop!!!) 
and create your (vertical) Visual Studio”
� This is what we have done
� Note: Visual Studio 2008 Shell runtime is a free 

~300MB installation file (+ 250Mb of the free .NET 
Framework 3.5)



CAPE-OPEN Studio .NET

� CAPE-OPEN Studio .NET is a Visual Studio 2008 
Shell Isolated-based distribution

� CAPE-OPEN Studio .NET contains the CAPE-
OPEN Visual Studio Project we have seen and 
the CAPE-OPEN Toolkit

� We are thinking to release CAPE-OPEN Studio 
.NET,so the CAPE-OPEN engineer does not 
needs VS at all!!!

� We are thinking to release CAPE-OPEN Studio 
.NET for free

� We are also thinking to release “CAPE-OPEN 
Studio .NET for PMEs” edition, to be proposed to 
PMEs developers (like Visual Studio for 
Applications)



The Shell



Add New Project



Add  New Item



Project Properties



Register dll…



Conclusions

Visual Unit Programming with 
CAPEOPENSTUDIO.NET



Conclusions

� It can be done!
� This is a (big) Proof of Concept

� In Microsoft terms, an Alpha Release
� Not for public release

� In detail:
� A Visual Studio 2008 project to describe a unit as a DSL, base 

on our CAPE-OPEN .NET Proxy
� A model file that describes the unit in an indepent way

� An hypotesis of a NEW SPECIFICATION 
� CAPE-OPEN Toolkit 2.0

� CAPE-OPEN 1.0 compliance
� Some Bug Fixing
� coc.exe 

� CAPE-OPEN Studio .NET



What is next? Objectives:

1. Test the (mathematical) model
� Expressiveness (“can we express as many units 

as we can in this designer mode?”) 

2. Examples (lots of…)
3. Improve resilience of the tool

� Changes with the designer � changes in the 
model

� Strong Typing



Timeline

� 6 months for a Public in time for the next US 
CAPE-OPEN Conference in Autumn (AIChE 
Annual meeting ?)



And then?

� Create component library
� Observation/Logging
� DB lookup
� Generic Execution

� CalcProperty, CalcEquilibrum,…

� Generic Remote Execution
� Web Services
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.NET introduced in 2001 a revolutionary breakthrough in programming techniques. It gave to Visual 
Basic 6.0 community a new broad development platform with the same user interface but a full new 
object oriented set of tools.
In a long search for developer productivity, the Molecular Simulation Laboratory (MOSE) found out 
that object-oriented domain models and code generation are useful for minimizing infrastructural, 
repetitive coding in the field of process engineering and particularly in Cape Open generation code. 
Indeed, MOSE designed developed in 2007 the  capeopentoolkit.net, a developing tool that hides all 
the calls to COM API thus simplifying the writing of the equations for Cape Open Modules.

Visual development environments are available since Visual Basic 1.0 (1990!), allowing the definition 
of user interface code in terms of Forms. Visual Studio.NET (2001) allowed the definition of Forms in 
terms of .NET code generation: the Visual Studio form designer is a “visual language” to generate the 
code that defines forms.

Visual Studio.NET 2005 have introduced a great new feature: the ability to customize and develop 
new kinds of visual designers, with a technology broadly known as Domain Specific Languages 
(DSLs). Visual Studio.NET 2008 have finally released that ability and the license to customize and 
redistribute the entire Visual Studio.NET IDE as a vertical tool for specific needs (no royalty or other 
fees are due to

Microsoft).

Recently, we have developed Visual Cape Unit, a DSL for the definition of CAPEOPEN units in a 
visual form into Visual Studio.NET, based on the original API defined into capeopentoolkit.net. In this 
work we will present capepenstudio.net, a vertical Visual Studio .NET distribution freely available, 
specific for CAPE-OPEN development, and including natively Visual Cape Unit.

Details on the implementation and examples of use will be presented.

5th CAPE-OPEN
European Conference


