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Optimization is one of the strategic technologies for cyberinfrastructure computational tools 
since this area deals with the selection of the "best" design or plan among many possible 
alternatives.  The choice of the "best" alternative can mean, for instance, finding a transportation 
route that requires minimum time, finding the cheapest production path for a product, or finding a 
molecular configuration of a protein in the state of minimum energy. Many of the challenging 
application models require the use of discrete variables (mostly 0-1 variables) to represent logic 
choices, as well as the handling of nonlinearities in order to accurately predict the performance of 
physical, chemical, biological, financial or social systems. This optimization area is known as 
Mixed-Integer Nonlinear Programming (MINLP); mixed-integer because of the discrete and 
continuous variables, nonlinear because of the need of handling nonlinear models. While MINLP 
optimization can be applied to a very wide class of problems, it represents one of the most 
challenging optimization problems. On the combinatorial side, MINLP are known to be "NP 
hard". On the side of nonlinearities, many MINLP models are nonconvex, which means that in 
the continuous space they may give rise to many local solutions.  
 
This project has been funded by NSF under Grant OCI-0750826, and involves  a joint research 
effort between researchers at Carnegie Mellon and IBM Watson Research Center. The core team 
consists of: Larry Biegler, Ignacio E. Grossmann, François Margot and Nick Sahinidis of CMU, 
and Jon Lee and Andreas Wächter of IBM. Additional collaborators include: Pietro Belotti 
(Lehigh University), Pedro Castro (INETI) and Juan Ruiz (CMU).  
 
Aside from algorithmic developments for MINLP optimization, a major outcome of this project 
has been the development of the site http://www.minlp.org. This collaborative site has as a major 
goal to promote the optimization of nonlinear models involving discrete and continuous variables 
through mixed-integer nonlinear programming (MINLP). Two major specific objectives are:  
 

• Create a library of optimization problems that can be generally formulated as MINLP 
models.  

• Provide high level descriptions of the problems with one or several model formulations 
with corresponding input files for one or several instances. 

 
The site, which was launched in October 2009, also contains information on tutorials, 
bibliography and resources on MINLP. The library currently contains 17 problems that were 
submitted in areas such as engineering, operations management, physics and finance.  
 
The cyberinfrastructure site is aimed at the optimization community that is increasingly interested 
in the solution and application of large-scale MINLP problems. This community involves 
academics and people from industry, and is highly multidisciplinary. It involves operations 
researchers, industrial, chemical and mechanical engineers, economists, chemists and biologists. 
This community, however, is largely disconnected, especially between algorithm developers and 
application domain researchers.  
 
The site provides a mechanism for researchers and users to contribute towards the creation of the 
library of optimization problems, and to provide a forum of discussion for algorithm developers 
and application users where alternative formulations, as well as performance and comparison of 
algorithms can be discussed.   
 


