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Context for this talk: Overlay Networks

Physical Network

Overlay Network
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Courtesy of MASCOTTE
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Challenge: How to Program an Overlay Network?
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 How to program a distributed computation by
reusing services provided by overlay nodes?

 How to orchestrate a set of services into an
“overlay program”?

Challenge: How to Program an Overlay Network?
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Orchestration on the Overlay Computer:
What’s New?

Service

Service

 The overlay is fully decentralized
(e.g., no central registry for service discovery)

 The overlay is very dynamic (node churn)
 The overlay environment is heterogeneous

Overlay
Program
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Service Orchestration
on the Overlay Computer

 How to model an
overlay program?

 How to execute
such a model on
the overlay
network?

 How to deal with
heterogeneous
services?

Overlay
Program



How to Program the OverlayHow to Program the Overlay
 with JOpera? with JOpera?
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Top-down Composition
1. Define a goal and Draw a skeleton of the

overlay program that satisfies it
2. Refine it and Bind services into it:

• Search for existing matching services
• Build missing services (if necessary)
• Add required data transformations

3. Run, Test, and Debug the execution
within the same modeling environment

4. Share and Publish it as Web Service
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Bottom-up Composition

1. Select available services from a library
• Lookup in your own library
• Import from external WSDL
• Search the standard JOpera library

4. Share and Publish it as Web Service
3. Run, Test, and Debug the execution

within the same modeling environment
2. Build a composition using a drag, drop

and connect modeling environment
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Iterative Composition

Discover services

Model
Service
Composition

Deploy
Run, Test

Change, Rediscover
Build New services

Check

Refactor

Compile

Manage
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Quick Demo
 Stock Quote Currency Conversion

Stock
Quote
Price

Service

Currency
Exchange

Rate
Service

?
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Service Library

1. Search services as you type (also with regex)
2. Group services by different (orthogonal) criteria
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Drag, Drop and Connect
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Run, Monitor, Steer and Debug
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Publish as a Web/Grid service
With one mouse click!

[e-Science2005]
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JOpera Visual Composition Language Overview
 Services are composed using processes, which

define their interactions using two graphs:
 Data Flow  Control Flow

QueryBookPrice

CurrencyConvert

Exception Handler

isbn

price

QueryBookPrice

amount

amountCurrencyConvert

[HCC2003]
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JOpera Visual Composition Language Features
 Processes model overlay programs

 Data flow as the primary representation
 Explicit control flow (branch, synchronization,

exception handling, arbitrary loops, pipelines, workflow
patterns)

 SubProcesses: Modularity, Nesting and Recursion
 First order functions

 Map (parallel/sequential/discriminator) and Reduce
 Reflection (introspection)

 Dynamic late binding
 Quality of Service monitoring [JVLC2005]



Running Overlay ProgramsRunning Overlay Programs
with JOpera for Eclipsewith JOpera for Eclipse
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Running Workflows on the Overlay
 Discovery

 Map overlay program to actually
available services provided by
the overlay nodes

 Orchestration
 Execute the “workflow” by

interpreting the overlay program
 Control how the nodes exchange

data and use each other’s
computational services

 Adaptation
 Survive churn on the overlay

Arigatoni

JOpera
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About the Arigatoni Overlay Network
 Resource Discovery

Protocol (RDP)
 Once resources and service

are discovered,
orchestration can begin

 Virtual Intermittence
Protocol (VIP)

 Deal with churn, by
updating routing tables

 Arigatoni Orchestration
Language (AOL) by JOpera

Arigatoni

[Type = CPU,
 Time < 10s]

[Type = CPU,
 Type < 20s]

[Type = HD,
 Size < 10M]

[Type = CPU,
 Time > 5s]

Service Request
GCA

S

S1
S2

S3

GCB GCC

GB

Courtesy of M
ASCOTTE
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Discovery before or during Orchestration?
 Late, Synchronous, Local

 When each workflow task is about to start, run the
discovery protocol to locate the most suitable node

 Early, Synchronous, Global
 Before each workflow execution, run the discovery

protocol over all tasks of the workflow
 The query takes into account the workflow structure
 Re-run the discovery protocol if tasks fail because of churn

 Asynchronous
 Periodically discover nodes and update workflow binding

information accordingly
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Orchestration and the Overlay (1)

Overlay Network

AA

BB

CC

 Global Centralized Workflow Engine
 All workflows are executed on the same overlay node

(the “CPU” of the overlay computer)
 All discovery queries go through the same node
 All workflow execution messages go thro the same node
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Orchestration and the Overlay (2)

Overlay Network

AA

BB

CC

 Local Centralized Workflow Engine
 Each workflow runs on a different node, which

orchestrates the services of a collection of nodes
(the “Tracker” for the workflow instance)

 Workflow execution node can be discovered
 Centralized Data flow
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Orchestration and the Overlay (3)

Overlay Network

AA

BB

CC

 Partitioned Engine
 The nodes providing the services also take care of

orchestrating themselves according to the workflow
 Nodes directly connect to each other

(discovery more complex)
 Workflow needs to be partitioned, and each partition

sent to nodes



What kinds of Services can youWhat kinds of Services can you
compose with JOpera?compose with JOpera?
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Web Service Interfaces

WSDL WSDL WSDL WSDL

BPEL Composition

WSDL

What kind of services can you compose with
WS-BPEL? Assumption:

Web Services
(SOAP/WSDL)
are the only
kind of services
to be composed

Problem:
extensions to the BPEL
standard are needed to
support code snippets
(BPELJ) and human
tasks (BPEL4PEOPLE)
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Dealing with heterogeneity in JOpera
• The JOpera composition language does not have to

be changed when adding a new kind of service

SSHSQL

JOpera Composition

WSDL HumanJava

•Snippets
•Methods

XML

•XSLT
•XPath
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Architecture of JOpera for Eclipse
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A Growing User Community
ETH Zurich, Swiss Bioinformatics Institute, Swiss National Supercomputing Center,
European Synchrotron Radiation Facility, Purdue University, McGill University
(Montreal), Singapore Mgmt University, National University of Defence
Technology (China), Arjuna (UK), SINTEF (No), Locus (No), NCSA, …
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LOCUS, Norway
 SODIUM EU Project
 Service Oriented

Development in a
Unified Framework

 Pilot application
in GIS, e-Health and
emergency rescue
services
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Climate Modeling on TERAGRID
 Continuous processing of satellite feeds for

climate modeling and weather forecasting
 JOpera a key part of the

infrastructure to glue
together the data and
analysis services into
Grid workflows
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Cyberinfrastructure for e-Science
at the National Center for
Supercomputing Applications

 Grid Workflows important part of the Service
Oriented Grid middleware stack

 JOpera Pilot Application: porting the data flow
based “Data 2 Knowledge” toolkit to Eclipse
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Why users like JOpera
 High Level Workflow Language

 Data and Control Aspects (Graphical Representation)
 Recursion, Iteration, Parallelism and Pipelining Constructs

 Open and Extensible Component Model
 Run existing code without changes
 Synchronous, Asynchronous, Streaming interaction
 Web services support (Axis, WSIF)
 Secure access to remote file systems and hosts (SSH, SCP)
 Easy to integrate with existing schedulers (Condor already supported)
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Why users like JOpera
 High Level Workflow Language

 Data and Control Aspects (Graphical Representation)
 Recursion, Iteration, Parallelism and Pipelining Constructs

 Open and Extensible Component Model
 Run existing code without changes
 Synchronous, Asynchronous, Streaming interaction
 Web services support (Axis, WSIF)
 Secure access to remote file systems and hosts (SSH, SCP)
 Easy to integrate with existing schedulers (Condor already supported)

 Strong Eclipse Foundation
 Platform Independent (Eclipse/Java)
 Flexible, Extensible, Modular and Embeddable
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Conclusion
 Modeling overlay programs

 Flow-based composition language (Visual & XML)
 Development and Debugging tools for Eclipse
 Invocation of heterogeneous services

 Execution of the overlay programs
 Efficiency (compiled to Java bytecode)
 Distributed engine (on the overlay)
 Autonomic platform (self-healing, self-tuning)
 Integration with Arigatoni for dynamic service

discovery and their orchestration
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