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Suite components

O Run-time Environments: several de-
pendable run-time and integration
environments, with administration
tools, for J2SE and J2EE.

O Development Tools: covering all soft-
ware engineering activities and phas-
es of the development cycle, from
agent-oriented analysis to deploy-
ment. Basis: Eclipse.

O Development Methodology: develop-
ment process and modeling lan-
guage applicable to different soft-
ware agent paradigms. Basis: UML 2,
Eclipse Process Framework (EPF).

Whitestein Technologies’ Living Systems Technology Suite (LS/TS) is
an industry-grade, Java-based foundation for the professional
development and operation of products and solutions based on
software agent technology and autonomic computing.

Builds Upon Your Infrastructure

LS/TS is compatible with your existing IT infrastructure. It seamlessly blends in
and adds the features and functionality required to design, build, and operate ro-
bust and well-performing solutions that make use of the advanced properties of
software agents, Multi Agent Systems (MAS), and autonomic computing. LS/TS is
based on practice-proven object-oriented technologies, methodologies, and
products.

This approach brings about the protection of your investments in infrastructure,
know-how, and experience. And it ensures full compatibility with the offerings of
major IT vendors, e.g., in the field of business process and data integration, as well
as service-oriented architectures and messaging systems.

Grows with Your Needs
Different Editions are available for development and run-time purposes:

O Personal Edition (PE): for solution prototyping and exploration, development
of small personal applications with basic run-time needs (run-time basis:
J2SE).

Business Edition (BE): for developing and operating highly demanding solu-
tions and applications, with industry-level run-time features, such as resource
control, transactions, or platform federation (run-time basis: J2SE).

Enterprise Edition (EE): for developing and operating mission-critical systems,
with the need for ultimate enterprise level functionality and run-time fea-
tures, such as failsafe operation, clustering, integration via JCA and JMS (run-
time basis: J2EE application servers).

Open and Future-proof

LS/TS was conceived with the know-how, experience, and practical needs of today’s
IT departments in mind. The tools build on Eclipse, the Run-time Environments
extend the existing J2SE run-time environment and J2EE application servers.

: To achieve clean, well-engineered sys-
l ’ A%i%gfg;f,?,gendt] tem designs, and to allow for a flexible
Methodology deployment in the suitable Run-time
LS/TS . g_ 5 5 5 Environment, the Core Agent Layer
SDS;{SIOPment § S § B % (CAL) was designed. As a unifying layer,
§ g g §' E CAL defines the necessary abstractions
Eclipse and components to build agent sys-
; tems, and is implemented in all LS/TS
concerl);;:rl r- oo o= Core Agent Layer (CAL 1 Run-time Env1ronments to provide the
i e E £ - core platform services.
| AL 1 1 CAL ] i AL ] - The abstractions combine the expres-
LS/TS Personal Business Enterprise g siveness and power of the agent para-
Run-time Suite Edition | | Edition Edition € digm with the practical needs of soft-
Java ‘ —'_‘—'_‘—'_‘—IZSEM | ‘ _,_‘_I,Z_E‘E_m_—rl § ware development and maintenance.

Figure 1: Architecture. The Living Systems Technology Suite provides a comprehensive, extensible
Eclipse-based multi-user Development Suite to develop agent-based applications for the Java-based

Run-time Environments of the Run-time Suite.
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Development vs. Run-time

Table 1):

plus the Administrator tool.

Development Suite | Run-time Suite
Component
PE BE EE PE BE EE
Run-time envi- | Personal Run-time E. v v v v v v
ronments & Business Run-time E. v 4 4 v
tools - -
Enterprise Run-time E. v 4
Administrator v v v 4 4 v
Development | Modeler v v
tools Developer 4 v v
Debugger v v
Tester v v
Deployer v 4 4
Methodology | ADEM v v v
AML v 4 v

Table 1: Product suites. The Business Edition (BE) and Enterprise Edition (EE) are available as
Development Suite to engineer LS/ TS based software solutions, and as Run-time Suite for the produc-
tion use of these solutions. The Personal Edition (PE) is for exploration and prototyping only, and is
not licensable for production use.

System Requirements

laris, AIX, HP-UX, and Mac OS X.

Linux platforms.

require J2SE 1.4 or newer.

SAP DB (now MAX DB), and others.

Documentation

Product Suites — Offering Overview

To meet the needs of IT management and practice, the Editions of the Living Sys-
tems Technology Suite are available as Development and Run-time Suites (see also

O Development Suite: for the development, integration, and deployment of
agent-based software solutions and products. It comprises a set of develop-
ment tools, the Agent-oriented Development Methodology (ADEM) and the
Agent Modeling Language (AML), plus development versions of the corre-
sponding Run-time Environments, incl. the Administrator tool.

O Run-time Suite: for the production operations and administration of solutions
(BE and EE only). It comprises the corresponding Run-time Environments,

The components are described in more detail later in this document.

Support, Consulting, Training
The Business Edition and Enterprise
Edition include start-up workshops for
a smooth and successful start. Please
contact us to discuss your specific sup-
port and training needs.

Licensing

The Suites are licensed as follows:

3 Development Suite: per developer
seat

O Run-time Suite: per CPU

Site or company licenses are also avail-
able. Please contact us for licensing de-
tails, as well as for specific offerings for
use in non-profit research and explora-
tion projects.

O The Developer, Debugger, Tester, Deployer, and Administrator tools of the De-
velopment Suite require J2SE 1.4 or newer, and are currently based on Eclipse
3.1. Eclipse is available for different platforms such as MS Windows, Linux, So-

The current version of the Modeler is an add-in for Enterprise Architect, a
third-party tool (www.sparxsystems.com.au), available for MS Windows and

O The Personal Run-time Environment and the Business Run-time Environment
O The Enterprise Run-time Environment requires a J2EE 1.3 compliant application

server, such as IBM WebSphere 5.x or 6.x, BEA WebLogic 8.x, JBoss 4.x.

O Persistent data: any JDBC-compliant database is supported, with more than 20
popular SQL dialects, including Oracle, DB2, Sybase, SQL Server, PostgreSQL,

Product and developer documentation is available in English.
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Three Editions

The LS/TS Run-time Suite provides different Run-time Environments - that is, mid-

dleware which adds the necessary enabling functionality to the base Java run-time

environments needed to run agent-based autonomic systems and applications:

O Personal Edition (J2SE) Run-time Enviromment

O Business Edition (J2SE) Feature Personal | Business | Enterprise
O Enterprise Edition (J2EE) Full CAL support v v v
Each of the environments provides the Data management with transactions v %
full functionality of the Core Agent Non_persistent agent states , S, ,
Layer (CAL), however with differences

in implementation sophistication. Persistent agent states v v
This provides an easy upgrade or mi- Non-persistent messaging (agent-to-agent) v v v
gration path to one of the other LS/TS Persistent messaging (agent-to-agent) v
Run-time Environments based on pre- Non-persistent Directory Facilitator (DF) 4 4 4
vailing business needs. Persistent Directory Facilitator (DF) v v
The three environments differ regard- Client access through RMI v v v
ing functionality in areas such as trans- - -

action management, client access, fail- Client access through Web services (SOAP) v 4
safe operation, clustering, and resource ~_Clientaccess through JMS v
management. Resource management & control v v
The Business Edition and Enterprise Administrator tool v v v
Edition can be combined for flexible Clustering support v
deployment scenarios. Federation support v v

Please refer to Table 2 for a comparison

Table 2: Features of the different LS/TS Run-time Environments. The Run-time Environ-
of the main features.

ments of the three Editions provide different sets of features

Administrator

The Run-time Suite is equipped with the Administrator, an Eclipse-based tool for
the management and monitoring of the Run-time Environment and the agent ap-
plications running on top of it.

Flexible Deployment

The suitable production run-time environment - J2SE or J2EE - and the corre-
sponding LS/TS Edition can be chosen at deployment time, as the applications de-
veloped with the Living Systems Development Suite are executable on both the
Business and the Enterprise Run-time Environment.

Core Agent Layer (CAL)
The CAL is the unifying layer across all Run-time Environments, also serving as a
clean interface to the development tools. The CAL defines and implements the
agent abstractions and components needed by the software engineering practitio-
ner to develop agent-based systems and applications that

can be deployed using any of the three Run-time Editions. front-end
. . bil Web lient WS
The main CAL component is the Autonomous Agent, ?hc’o,:: PDA brovevser apgllisgtion client
which can exhibit pro-active and goal-oriented behavior,
. . . HTTP HTTP SOAP SOAP
and can flexibly communicate with the other agents to WAP
achieve coordination and cooperation. Other components ﬁ)“gsiic”ess Web server/ RMI, JMS, Web Service
include, among others, directory services, notification ser- servlet engine SSt gateway
vices, as well as access to the messaging infrastructure. t T
’ §ing J2EE 3% agent application R |
. - ool egacy
Semantic Communication 0. (RemE Runtﬁggmte 1A s ™| system
LS/TS’ inter-agent message representation supports OWL
and communicative acts such as requests, notifications, ¢ JBBC ¢
and queries, allowing complex domain models with multi- persistence 8 8 databases
ple ontological views. With a simple, yet powerful API, the

virtues of agent communication yield benefits across all as-
pects of LS/TS applications.

Figure 2: LS/ TS n-tier solution architecture. The Java-based Run-time
Environments enable the engineering, integration, and operation of state-of-
the-art n-tier systems and solutions.
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app. app.
LS/TS LS/TS
RE RE
app. app- app- app.
LS/TS LS/TS| [LS/TS LS/TS
RE RE RE RE
single cluster federation
mode mode mode

Figure 3: Operation modes. The LS/TS Run-time Environments (LS/TS
RE) and applications (app.) can be operated in three different modes.

Execution Engines

LS/TS provides two execution engine types to implement the agent’s application

logic. They can be extended and adapted, and also combined in a single application.

O LISA: the LISA execution engine has the task as its main concept, executing it
using a continuation-based approach. A continuation states a possible next
step to perform later, triggered by external events, logical conditions, or time.

A LISA task can have sub-tasks (parallel and alternative branching). Agent in-
teraction is supported with a messaging API and a system of interaction con-
texts that allows multiple concurrent conversations.

O MARGE: the MARGE execution engine enables the implementation of goal-ori-
ented agents. Application developers provide agent capabilities and goals. The
MARGE run-time selects and combines capabilities to obtain the desired results.
MARGE uses the Belief-Desire-Intention (BDI) architecture. A MARGE agent
keeps its knowledge in the belief base as logical propositions. The agent’s goals
also have logical representations. Agent capabilities are plans, composed by a
body, together with their relevance conditions (when a plan is applicable),
and the achievement condition (what a plan will obtain). MARGE supports
plan introspection through a process-algebraic API, allowing agents to reason
about plans and tasks before executing them.

Security and User Management

The LS/TS Run-time Environment is able to enforce security policies, based on ac-
cess control and sophisticated rights management for both agents and clients.
The run-time provides full multi-user management with the Administrator tool.

Operation Modes

For increased fault-tolerance, load-balancing or other architectur-
al reasons, the Business and the Enterprise Run-time Environ-
ments can be run in different operation modes:

o

o

o

Client Access
The Living Systems Technology Suite provides various access technologies for cli-
ents (front-ends, other systems):

O RMI: all Editions provide an RMI stub to enable Web front-ends (via servlet en-
gine), rich user clients, and other applications to connect and communicate

Single Mode: the default set-up, where one single instance of
the Run-time Environment executes the application.

Cluster Mode: several Run-time Environments execute the
same application in parallel, connected to the same databases.
Should one node fail, the others take over transparently. Clus-
tered nodes act as one logical system towards clients, other sys-
tems, and the application itself.

Federation Mode: several Run-time Environments are loosely
coupled and run separate parts of the application. Each node
has its own databases, and operates as an independent entity
towards external systems. The federation is self-configuring.

Resource Control

Fine-grained control of the available machine resources is of fundamental impor-
tance for the unobstructed, non-stop operations of systems and applications. The
Business and the Enterprise Run-time Environment provide configurable resource
pools and the corresponding monitoring functionality.

using messages. The external system or front-end appears as an agent.

O Web Services (SOAP): the Business and Enterprise Editions are equipped with a
Web services gateway, allowing existing systems or rich user clients to connect
via SOAP communication.

O JMS: the Enterprise Edition is equipped with system-level JMS support for in-
teroperability with other systems and clients. The Business Edition supports
JMS connectivity on the application level.
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Development Suite

Overview

The development tools are easily installable and upgradable plug-ins to the
Eclipse platform (www.eclipse.org), with the exception of the Modeler, which is an
add-in for Enterprise Architect (www.sparxsystems.com.au).

Developer #1574 Development Suite - StrwalleertH. java - Eclipse Platfoem o (=] |5 |
. . B Bie Edt Sowce Refocor Havigsle Search Project Run Window Help
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tures. Figure 4: Developer screen. The Developer provides different views and specialized tools for creat-

ing, structuring, programming, and inspecting agent-based applications and components.
Debugger
The Debugger serves the developer in locating and repairing defects in the appli-
cation code. It is an extension to the standard Eclipse Java debugger, with direct
support for the agent abstractions of the CAL and the agent’s execution engines.
Local and remote debugging is supported.

O Extended breakpoints: in addition to conventional breakpoints set on a specific
line of code, breakpoints can also be triggered by events within the system,
e.g., upon sending or receiving a specific message, on read or write access to a
specific variable of the agent’s state, and more.

O Targetinstances, not only classes: further extending conventional breakpoints,
all breakpoints can be set for a specific instance of an agent type, not just the
agent type (agent class) itself.

£ L5/TS Administrator - Eclipse SDK
D Flexibleplatform CoanOL' When the JFﬂe Edit NawgaT‘;earc]\ P.m]Ject AU Window  Help
.. - - | -
breakpomt 1S trlggered’ Only the A, (5775 pdministrator = O || console | L5/TS Personal: History ‘LS#TS Personal; 1 - all
threads of the agent application are W
. g . pp =8 Run-tme Envronments Giovanni Carlcon BestInn HolidayInn BudgetHotels
paused, allowing to inspect the F s rsgcdton @ @
message queues and the agent i | e 4
states with the Administrator tool. Rty e S
F Message Center i 1
O Message history: in combination T jl = s
. o Type: SemcomMessage a tnatifyy
with the Administrator tool, the Senkr] el
. Subject: semeom
history of already handled messag- || i B
: Content:
es can be browsed and inspected. i — o
Pfree: true
e J .
Prumber: 20
Pprize: 100 = [ Subject [ Performative
Description: This is an OWL Concept (URT: hittp: fjwwms.whitestein, comysemc = e B
| Close ‘

Figure 5: Lifeline view. The Administrator features on-line tracking of the messages exchanged
among LS/TS agents. Several filters and views are available, such as the lifeline and detail view.
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£ Listernal Tooks

Create, manage, and run configurations

profcttodeploy: [Foidiea e

Deployment platfome © Esterprein (% Budrmis T Personal

Deployer
The Deployer assists the developer in configuring the completed agent applica-
tion for deployment to one of the LS/TS Run-time Environments.

O Configuration of Run-time Environment properties: e.g., the persisten-
cy layer (e.g., Hibernate, database).

x|
.

= 3 Configuration of agent application properties: such as persistence of

agent and message states, initial startup values.

3 Automatic packaging: with configured libraries and configuration files.

Administrator

Besides its functionality to configure, monitor and otherwise operate the

Lef Le

[ eraacictie. ety e EsibmckocDreiver

LS/TS Run-time Environment (see Run-time Suite), the Administrator also

[t dertry-deetryehicreatomtnan;

offers useful functionality for finding errors, analyzing problems, and de-

bugging, such as the lifeline and detail view (see Figure 5).

Tester

LS{TS Deploryment configuestion
Configurations: Diawe: | Wak-ard-search Busness
& A buabd
=5 4 ST Cmplyent - — =
R B man | I3 servar Dapyment | T Comnen |
Q, Frogren
eployed jar name: [
[T —
Datbaze: [Derty
X6 driver:
X6
Xeckge: [
ez password: [
7 Germrate svsing babins
¥ esform dean before depkment
S| |

The Tester framework supports unit testing of agent components, single
= PP g g p , SING

] o= |

agents, and their integration with the environment.

Figure 6: Deployer screen. The Deployer tool supports
the software engineer in configuring and packaging an ap-

O JUnit: the Tester framework is based on the JUnit framework.

O Testing interactions: support for testing the roles in complex interac-

plication for a specific target LS/ TS Run-time Environ- tions between agents.

ment.

3 Mock support for Servants and Data Access Objects.

Modeler

The Modeler serves the analyst and designer in building AML models of the agent

application.

0O AML modeling: enables the creation of platform independent models of multi-
agent systems by means of AML and UML modeling constructs and diagrams.

O Modeling of LS/TS applications: through additional LS/TS-specific modeling
constructs and application of specific modeling guidelines.

O Inherits features from Enterprise Architect: such as comprehensive support for
UML 2, flexible documentation generation, forward and reverse code engi-
neering, support for testing, support for model maintenance, import/export,

multi-user capabilities, etc.
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Figure 7: Administrator screen. The Administrator tool serves to configure, monitor, and other-
wise operate the Run-time Environment, as well as for analyzing problems and for debugging.
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Methodology (ADEM, AML)
The Methodology comprises two main components: ADEM, the Agent-oriented
Development Methodology, and AML, the Agent Modeling Language.
ADEM is a comprehensive agent-oriented methodology for the specification,
development, deployment, and opera-
tion of LS/TS systems and applications Phases

Inception | Elaboration Construction Transition Production

(see Figure 8).

ADEM supports Situational Method
Engineering, and can easily be inte-
grated with existing development pro-
cesses, such as Rational Unified Pro-
cess, Agile Unified Process, Enterprise
Unified Process, OPEN Process Frame-
work, and others.

Furthermore, ADEM implements an it-
erative, incremental approach to sys-
tem development via clearly defined
milestones.

AML is an agent-specific extension to
UML 2. AML is designed to support
business modeling, requirements spec-
ification, analysis, and design of soft-
ware systems based on software agent
concepts and principles.

AML supports the abstraction of the structural and behavioral concepts of Multi

Agent Systems (MAS), such as:
ontologies;

social aspects;

communicative interactions;

services;

Qoo ooooaoaq

MAS deployment;

O agent mobility.

To cope with the practical needs and
existing infrastructures of IT depart-
ments, AML can be implemented with
both UML 1.x and 2.x based CASE
tools.

Furthermore, emphasis was put on the
extensibility of AML: using UML pro-
files, users can define own language
extensions to customize AML for spe-
cific modeling approaches and tech-
niques, software agent theories and
technologies, and particular domains.

Disciplines
Business Modeling
Requirements
Analysis & Design
Implementation

Operations

Configuration &
Change Management

Project Management | e e
Environment e R —

| | | | >
. preliminary iter. | iter. ‘ iter. | iter. | Iter. ‘ iter. | iter. ‘ i
Iterations iteration(s) #1 #2 #n  #n+1  #n+2 #m  #m+1 time
Product Product Product Product
vision specification implementation release
milestone milestone milestone milestone

MAS entities (agents, resources, environments);

behavior abstraction and decomposition;

observations and effecting interactions;

mental aspects used for modeling mental attitudes of entities;

Figure 8: Agent-oriented Development Methodology (ADEM), a comprehensive agent-ori-
ented methodology for the specification, implementation, deployment, and operation of LS/ TS-based
systems and applications. The figure indicates the efforts invested and thus the activities focus in
each stage of a project.
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Figure 9: Modeler screen with AML Model. Analysts use the Modeler to conceptually model the
multi agent system and its parts using AML, the UML 2 based Agent Modeling Language.
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Contact Information

Whitestein Technologies AG
Todistrasse 23

8002 Ziirich

Switzerland

Phone +41 44-256-5000

Fax +41 44-256-5001

E-mail info@whitestein.com

For more information, please also visit our Web site at
— http://www.whitestein.com.

About Whitestein Technologies

Whitestein Technologies is a leading innovator in the area of software agent tech-
nologies and autonomic computing & communications. Whitestein Technologies'
product offering includes advanced solutions for the telecom, logistics, financial
services, and business process management domains, as well as a comprehensive
middleware for the development and operation of autonomous systems. Whit-
estein Technologies' customers and partners include leading global enterprises in
the above markets, as well as technology companies, system integrators, universi-
ties, and other research institutions.

Whitestein Technologies was founded in 1999 and is privately held. The firm is
headquartered in Zug (Switzerland) with offices in Ziirich (Switzerland), Donaue-
schingen (Germany), and Bratislava (Slovakia).

All information herein are subject to change
without further notice.

Whitestein Technologies, Living Systems, and the
corresponding logos are registered trademarks of
Whitestein Information Technology Group AG.

All company, product, or service names may be
trademarks or service marks of their respective
holders.
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