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Workflow is the connecting of services to solve a problem that each individual service could not solve.  In bioinformatics, this is sometimes referred to as a pipeline.  We extend this idea to the grid, where workflow is the connecting of grid services.  This extension gains us many of the benefits of the grid infrastructure, such as service discovery, provenance tracking, etc.

It can be useful to think of a workflow as representing a process in the real world.  Though this definition has roots in modeling business processes, it has application to modeling bioinformatics processes as well.  For example, you can envision a researcher collecting a set of related microarray experiments from various services across various institutions.  This process can be modeled as a grid workflow, where the actors are the researcher and the services, and the actions are the invocation of the services and the collation of the results. 

In contrast, it is also useful to think of a workflow as a grid-aware scripting language.  For example, you can envision a script that takes all of the expressed genes from a microarray experiment, searches for all up-stream genes in pathways, and finally finds gene ontology information for these genes.  Here, there is a specific set of steps to be executed that can be expressed in a way natural to a grid environment.
Workflows have some various basic characteristics:

· Invoking of grid services

· Passing of the output from one service to the input of another

· Translation of data between service invocations

· Conditional control (e.g. if/else statements)

· Looping control (e.g. for/while statements)

Other less common but useful workflow characteristics include:

· Dynamic service discovery 
· Parallelism
· Fault handling 
· Service correlation (e.g. asynchronous versus synchronous invocation)

· Transaction control

An important consideration in workflow is the notion of provenance, which is an audit trail that allows the tracking of all the operations that were performed during the invocation of a workflow.  One aspect of this is tracking which services are invoked, including the version of the service.  Another aspect is tracking the input and output data for each service invocation.  This provenance tracking is especially important in analysis-oriented workflows where repeatability of analyses is particularly desirable.

