Distributed Execution Working Group

Mission
Designs, develops, and tests a general framework for transporting and executing workflows and sub-workflows across a distributed set of computing nodes in order to improve execution performance through the use of multiple distributed computing nodes. Provides documents which can provide proper solutions or suggestions to different requirements on scientific workflow distributed execution.

Scope of Activity

Design, Develop, and Test a High-Level Distributed Execution Framework

· General Architecture

· Summarize a general architecture that can meet the previously documented (see requirements document) distributed execution requirements of Kepler community. 

· Design extension points within the architecture to adapt to particular distributed application implementations.

· Easy-to-Use

· Configure existing workflows to be distributed or executed locally. 
i. Configure existing actors to be executed on distributed nodes.
ii. Change a local execution director to a corresponding distributed execution director. 

· Make distributed workflow design transparent to underlying implementation techniques (e.g., JINI, Web services, Grid resources, Cloud Computing and other emerging techniques). Advantages of transparency include not depending on users’ prior distributed computing knowledge and making workflow design more close to real conceptual steps.

· Facilitate easy and customized deployment on distributed nodes. 

i. Provide simple methods, e.g., toolkit, to deploy necessary resources on distributed nodes and make the framework ready for distributed execution.

ii. Identify minimal resources for Workflow execution and each actor execution, e.g., Kepler kernel plus actor extension.
iii. Enable usage of different data and computing resources. Different distributed nodes may provide different capabilities according to their databases, computing resources and deployed actors.

· Design a light-weight framework that can satisfy requirements and can operate on users’ software infrastructure.

· Extensible

· Design extension points for :

i. New functionality, e.g., monitoring failure recovery and security.

ii. Functionality modification, e.g., distributed node selection algorithm, distributed directors.

iii. New implementation techniques, e.g., data transfer and distributed environment infrastructure.

iv. Integration with other frameworks, e.g., Web base UI, detached execution.
· Comprehensive

· Support three level distributed execution:

i. Workflow-level: the whole workflow can be executed in distributed environments, all the actors of the workflow are executed on the same node. Example: Kepler workflow execution Web service.

ii. Actor-level: workflow actors can be executed in distributed environments, different actor within a workflow may be executed in different distributed nodes, distributed composite actors can have their own execution models (by setting their directors). Example: Kepler workflow execution Web service. Example: Master-Slave Distributed Execution and Distributed SDF Director.
iii. Task-level: distributed computing and data resources can be utilized in workflow, Example: Web service actor. 

· Design advanced distributed execution monitoring features, e.g., monitoring information displaying at master node, so that users can know the status of the whole workflow. 

· Design links to provenance recorder wherever necessary. This task includes communication with provenance framework for on-going execution information and history of execution on distributed nodes.

· Identify failure recovery methods to diagnose reasons for failure 

· Investigate methods for partial workflow re-execution and smart re-run.

· Support multiple distributed execution models (namely multiple distributed directors).

· Enable capability-based Slave registration to track detailed information of each registered slave for query and selection by the Master node.
· Consolidate existing approaches for detached workflow execution support especially for long running workflows. Users can still get monitoring information when necessary and get workflow output after the execution.

· Efficient
· Enable peer-to-peer data transfer.
· Design automatic Constraint Based Actor Scheduling: Provide a mechanism that can get optimal actor scheduling from numerous possible solutions, meets not only the functional requirements e.g., the task scheduling solution must be able to complete the workflow execution, but also the non-functional constraints such as throughput, and time to completion.

Analyze and Recommend Techniques to Design Distributed Execution Workflow Based on User Requirements
· Identify problem space.

· List functional requirements.
· Summarize possible use cases. 

· Identify solution space
· List and categorize different existing approaches to distributed workflow execution.
· Analyze the relationship of different approaches (they may be orthogonal, overlapped or belong to different layers)

· Analyze the pros and cons of each approach.

· Create evaluation metrics for comparing different approaches.

· Create mapping of problem space to solution space including criteria for mapping and combinations of solutions to solve complex problems.
High Level Deliverables (HLDs)

· Document how generated scenarios can ideally (not practical) be solved using the listed distributed approaches.

· List and describe current Kepler workflows with distributed computing requirements and practical solutions to them.

· Map generated use cases from HLD-1 to the existing Kepler workflows from HLD-2. Identify why the practical approach was chosen.

· Generate a complete set of requirements build on the analysis of use cases, workflows and methods.

· Generate a roadmap for moving this effort forward.
Products

· Various documents provided by HLDs

· Develop use cases to test out each method and provide example workflows as demonstrations in Kepler
· General Distributed Execution Framework.
· Experiments on the impact of the scheduling/profiling on the overall execution time 

· Experiments to show the quantitative advantages.

· Documents about possible methods and techniques, each may be proper to a certain requirement.

Initial Team Membership 

Jianwu Wang (lead), Ilkay Altintas, Chad Berkley, Derik Barseghian, Ustun Yildiz, Mark Schildhauer

Needs from Other Teams and Working Groups
· Kepler kernel

a) For customized slave deployment, only Kepler kernel and necessary actor extensions are needed to achieve deployment.
