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Micgaprogramming is a technology for programming
with large modules called megamodules that capture the

functionality of services provided by large organiza-
tions like banks, airline reservation systems, and city
transportation systems, Megamodules are internally
homogeneous, independently maintained software
systems managed by a community with its own
terminology, goals, knowledge, and programming
traditions. Each megamodule describes its externally
accessible data structures and operations and has
an internally consistent behavior. The concepts,
terminology, and interpretation paradigm of a mega-
meodule is called its entology.
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New Abstractions for Application Integration

Web Services
XML

J2EE
Components NET

Eclipse

Objects [

Java
Fiffel
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Services
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Service Interaction Patterns

rcedo m
Procedure
Call <
Asynchronous
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The Problem of Service Composition
= How to build an application by reusing existing

components delivered as a service?

= How to script the exchange of asynchronous
messages between a set of services?

R
|

Service Interfaces
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o Process Support for Web Services

The Problem of Service Composition
= Where to put the composition logic?

Composite Service

Composite Application

WSDL WwsSDL WSDL  WS5DL

Service Interfaces
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Service Composition Problems

How to publish a
composition?

How to model - How to execute
a composition? a composition?

What kind of services
can be composed?
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Service Com position“vv‘i—th Jdp;;a

Process Support for Web Services [~

How to publish a
composition?
Automatically

How to model How to execute
a composition? | Ed LR S - a composition?
(Work)Flow Autonomic

Language Engine

What kind of services
can be composed?

Web Services and many more...
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Modeling Service Compositions

- What are good abstractions for modeling a
service composition?

+  Business Process Modeling Languages ?
Service invocation treated as task Q
Control flow (branches, loops, synchronization) 8
Data flow (and data transformations) N,
Exception Handling
Dynamic Late Binding

- Syntax

Textual, Visual, XML, UML
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Workflow Lifecycle in JOpera

1.
2.

Select component services from a library

Build a process using a drag, drop and connect
visual environment

Run, Test, and Debug the execution within the
same visual environment

Deploy, Manage, Monitor, and Steer the
execution of workflows in production

Publish the workflow as Web Service
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Demo1
= Stock Quote Currency Conversion

Stock
Quote
Price
Service

Currency
Exchange

Rate
Service




Search: I |

. lib.bpel (3)
BPELEmpty BPELThrow BPELWait
. lib.math {7}

Divide Multiply Mull %2 Operation Power Subtract Sum

o libuxenl £2)

XPath 4k XSLT

- system.reflection.registry (2)
getProgramsByInterface getProgramsByMame
. system.signals (3)

Cancel Resume Suspend

=)

Group By Component Type
® Group By Package
Group By Author
Group By Type
Group By Destination (INYOKE Only)
Group By Parameter Count {Input/Output)
Group By Parameter Count {Input)
Group By Parameter Count {Output)

Search using Regular Expression

Expand all Groups
Collapse all Groups

“ﬂ

1. Search services as you type (also with regex)

2. Group services by dif
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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

A halloworld.oml X

|

Process: Test HalloWorld

[ abstract [J Comment [¥] Published [] Subprocess

Name: Test_HalloWorld
Author:
Description:

¥ Mozilla Firefox ;IE'E'

File Edit View Go Bookmarks Tools Help

<ZI v L> v @ |:| @ I || http:/flocalhost: 8080 wsdl?list j ® Go I@

Processes Published as Web Services

o Test ELILAIOILE wsdl

[ Find: [Halloworld Find Next (©) Find Previous || Highlight |~ Match case
| http: f{localhost: 8080 /wsdl?process=Test_HalloWorld Adblock
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Process Support for Web Services

JOpera Visual Composition Language Overview
= Services are composed using processes, which

define their interactions using two graphs:

= Data Flow = Control Flow
QueryBookPrice
M‘D QueryBookPrice *
v
CurrencyConvert

\
\
\

\
\
\
\
\
Ay
\
\
\

Exception Handler

CurrencyConvert —(>[ amount ]
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: Process Support for Web Services ~

JOpera Visual Composition Language Features
= Processes model generic service composition

Data flow as the primary representation

Explicit control flow (branch, synchronization,
exception handling, loops, pipeline, 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 [JVLCZOOS]
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What kinds of Services can you
compose with JOpera?




What kind of services can you compose with

WS-BPEL?

WSDL

BPEL Composition

WSDL WSDL WSDL WS5DL

Web Service Interfaces
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: Process Support for Web Services

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
(BPEU) and human
tasks (BPEL4PEOPLE)




: Process Support for Web Services

How NOT to deal with heterogeneity

1.

Assume that all services to be orchestrated will
conform to one standard

Force all existing implementations to be
wrapped to comply with that standard

Modity the workflow language to extend its
support to other standards

(Example: BPEL4WS, BPEL, BPEL#, BPEL4PEOPLE)
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Problems of composing only Web Services

= Web Services are coarse-grained

= All existing heterogeneous tools must be wrapped

as a Web Service

Wrapping imposes both a performance penalty and
additional development & maintenance costs

= The adapter/mediator between mismatching Web
services must also be a Web service

= \Web services standards are not stable
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Process Support for Web Services
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Process Support for Web Services

A Brief H|story of Interface Descrlptlon
Languages

19905
'\9805

_—

Java Interfaces



: Process Support for Web Services [~

Generalizing service composition

= How to design a workflow language independent
of the kinds of services to be orchestrated?

1. Separate the description of the process from the
description of how to invoke each of its tasks

2. A process should make minimal assumptions
about its tasks (i.e., data flow signature)

3. Bind tasks to different invocation mechanisms
without affecting the process definition

[VLDB/TES2004]
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: Process Support for Web Services [~

Main advantages
= Freedom of choice for developers:

Use the most appropriate kind of service in terms of
Access Protocols and Mechanisms, Functionality,
Performance, Reliability, Security, Convenience, Ease of use

= The workflow language is simpler

Many constructs (e.g., data transformation, synch vs. asynch
invocations, timeouts) can be shifted from the language
definition to the standard library of service types

= The composition language does not change...

..when the system is extended to support future standards
and new kinds of services
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o Process Support for Web Services

Dealing with heterogenelty in JOpera

The JOpera composition language does not have to
be changed when adding a new kind of service

~

JOpera Composition

()L
WSDL| Java [Human| XML | SOL | SSH

Snippets XSLT
Methods -XPath

[Poozs31/daain]




Publishing a composition with JOpera
JOpera processes are automatically published to

0
S
0
0

: Process Support for Web Services

clients using a variety of access protocols

Grid Clients

WSRF

WS Clients

Eclipse RCP
Clients

@

WSDL Java

WSDL

()

JOpera Composition

Java 'Human

XML ﬁ SSH
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Running Workflows
with JOpera for Eclipse
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Architecture of JOpera for Eclipse

Clients

JOpera Process Execution Engine

API

I
I
I
I
I
I
I
Eclipse RCP | JOpera || JOp
Application | AP Runti
| [ | Kernel
Web Services I Web Service
Client I Interface Q
I 1 [
Grid-enabled | | WS-RF 7 Persistent
Application I | Interface Process
: I I Execution
Web Web Applicatio State
Browser User Interface
API | Java
Wrappers Snippet
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Service
Invocation
Adapters

WSIF

SSH

JDBC

Local Programs

UNIX

Local Applicam
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: Process Support for Web Services [~

Conclusion

= Modeling service composition behavior
Workflow-based composition language (Visual & XML)
Development and Debugging tools for Eclipse
Composition not limited to Web services

= Execution of the composition models
Efficiency (compiled to Java bytecode)
Distributed engine (on a cluster of computers)
Autonomic platform (self-healing, self-tuning)

Extensibility (Eclipse plug-ins to provide custom service
publishing and invocation adapters)
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