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Abstract

Suljea of this paper is the derivation d architecural
views assigning a building Hock character and semantic
status to comporents, connedions and systems. At first,
the concept of architedure types will be introduced. Nex,
architedural frames are derived as comnon devdopment
frameworks for appication systems. The functionad
grouping of components and connedions in architedural
frames leads to the identification o partial systems. To
substartiate the partial systems a methodcal approach is
introduced for their analysis and clasdfication resulting
in architedural view patterns. The apgication of a
spedal architecural view pattern will be described and
discussed for interactionsin multi-agent systems.

Keywords: Architedure modeling, objed-orientation,

patter ns, connedors
1 Introduction

Latest software gplicaion systems are charaderized by
large mplexity, openness, heterogeneity, etc. and
necessitate substantiated engineering approaches for their
analysis, modeling, implementation, validation and
adaptation. In this article the view is taken that for the
engineaing development of latest software gplicaion
systems their building elements have to be structured in
logicd formations and set into relations to ead other. As
common in engineaing disciplines and as a technicd
approach to systems, software achitedure theory (e.g.
[14]) is applied to and interpreted for software goplication
systems aiming at a building element technology and
abstradion levels. Software achitedures will be
described in their structural [14] as well as operational
properties and spedfics [5]. Since software gplicaion
systems are to be developed into architedural frames,
their partial systems and building elements have to be
clasdfied and substantiated. Therefore achitedural views
are introduced and used by applying architecural view
patterns. The pattern serve the enlightening of application
tedhniques and semantics of partia systems and their
building elements. The use of architecural view patterns
results in substantiated templates programmers can make
use of.
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2 Applying softwar e ar chitecture theory

The modeling of software achitedure takes placeon a
high level of abstradion and is abstraded from
implementation details as well as from concrete
application cases [15]. On this level of abstradion the
common software achitedure theory describes the
structural formation of software systems as coll edions of
exeadtion units (components) together with their
properties and as coll edions of dependencies and relations
(connedors) together with their rules ([1], [15]). Thus, the
software achitecture is a mental, time variant and
technicd artifact which describes ftware gplicaion
systems in a model-based manner and acording to a
spedfic level of abstradion.

To classfy architedural views in software
architedure theory, architecture types and architectural
frames will be introduced at first. Based on this
introduction partia systems are identified and derived.
For their substantiation architedural view patterns will be
applied to in chapter no. 3. Therefore, an approac for the
construction of basic architedure view patterns is being
described. The concept of architedure view patterns will
be used for a substantiated enlightening of interadions in
multi-agent systems throughout chapter no. 4. The aticle
comprises of class hierarchy models, technicd diagrams
and code fragments.

2.1 Architecture types

An architecture type describes the astradion of
properties of components and connedors as well as their
compasition into systems. Despite the structural formation
architedure types describe the operational treament of
software systems like the @nstruction, installation,
adaptation, etc. In figure no. 1 classes are introduced for
the achitedure theory vocabulary [15 and set into
relations to ead other applying concepts of objed-
orientation. This results in an abstraced modeling of a
basic achitedure type for software gplicaion systems
[6]. Using this approach abstradions and compasiti ons of
reusable building elements are enabled. On a meta level
analysis, abstradions, compaositions and ascertainments of
architedure types are enabled again.
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Figure 1. Basics architecture type for software application systems [6]

Of important relevancein figure no. 1 is the assignment of
an explicit semantic status and applicaion tedniques to
the execution units, connedions and their compasitions
into systems. In this approach components, connedors
and systems are modeled as explicit building elements
owning properties like interconnection points (port, role),
protocols, seaurity levels, implementations, etc. In figure
no 1 properties and huilding elements are logicdly
grouped into two aress. The extensional abstradions of
common properties leads to the aedion of the ejui-
vaence dases ‘CRoa’ and ‘CPropertyRoot’

Applying objed-oriented modeling of building elements
architecture types are prepared appli cation-technically and
architecural frames are derived. Architedura frames
represent abstraded knowledge of software developers
[9]. The position taken here is that software goplicaion
systems are to developed into architecural frames|[8].

2.2 Architectural frames

By using abstradions and applying objed-oriented
principles hierarchicdly ordered architedural frames for
classes of software gplicaion systems are derivable [8].
An architectural frame has a descriptive charader. As a
pattern (in terms of [2]) the framework serves as a
template which has to be interpreted for applications. An
architedural frame is derived from an architedure type.
Architedure frames srve

e identificaion, abstradion, classfication, description
of appli cation-technicd building elements

e informal description of semantics

e gpeddizdion of building elements

e prefabrication of re-useable buil ding el ements

e composition and re-use of building elements

e refinement of partial systems and buil ding elements

e requirement survey for platforms and their services.

For a dass of software aplicaion systems an
architedural frame describes building elements and their
relations on an instance level. Figure no. 2 represents the
basic achitedural frame for software gplication systems.

According to [9] the basic achitedura frame for
software eplicaion systems consists of the partia
systems user interface applicaion domain, component-
spedfic services and external resources. The user
interface consists of interface omponents and connedors
for users to input and hand over their tasks and
preferences as well as for administrators. In case of mis-
sing parameters, uncompleted knowledge bases, etc. sup-
porting information will be requested by the system from
users or administrators using spedal assistants. Software
applicdion systems make use of existing data and services
integrating legacy applicaions. The wrapping of
databases, applications, file systems or network con-
nedions istaken over by spedal resource components and
connedors. Basis machines and run time environments are
used by software gplication systems as eda services
provided by a platform. The spedrum of services
comprises of life cycle functions to creae, migrate or
terminate mponents and connedors, of diredory
services, of knowledge and language registers, etc. The
partial system of apgication damnain consists of spedfic
and derivable components and connedors acarding to the
appli cdion semantics. Management components take over
the dlocation and delegation of partial tasks to and the
monitoring of task components using speda connedors.
Task components supply output in the sense of processing
complex orders (e.g. seach, analyze, evaluate).

The grouped partial systems of the basic
architedural frame ae derived by logicdly ordering of
their functionalities. For their engineering substantiation
spedal inspedions — views — are gplied to.



The substantiation of their properties and spedfics is
taken place by model-based views onto their structural
formations and operational treaments.

2.3 Viewsand partial system refinement

The ncepts of separating, deriving and using
architedural views are not unique. In [4] the seach of
architedural commonalities and principles from pradice
led to a loose @upling between code, module, execution
and conceptua views. In [11] the five @ncurrent views
logicd, process physicd and development view are
introduced as an architectural representation.

In this article we ae taking the position that due
to the ommplexity of software gplicaion systems' func-
tionalities, documentations, platforms and technologies
their model-based decomposition into partial systems
offers view on their structures and behaviors in common.
The model-based inspedion is always derived under a
spedfic asped. At every moment of inspedion, spedal
properties are relevant and partial systems are delimited
which have relations to ead other. In the model-based
treament the partial systems are ordered topdogicdly.
Both, adjacent as well as remote partial systems can be
interrelated [5].

The set of partiad systems representing
architectural views is not fixed, but comprises of spedal
views acording to the spedfics of a software gplicaion
system. It is task of reseach and pradice to identify,
analyze model and prefabricae a standard set of
architecural views common to al software-intensive
systems. To this st task view, information view,
organizaional view, resource view, time/schedule view,
etc. can belong to. The use of such standard components,
connedions and (partial) systems can be integrated in al
abstradion and hierarchy levels of architedura
representation.

In this article, models of partial systems represent
informal  architedural views. Different modeling
techniques, eg. UML class diagrams, state transition
flows, code fragments, are gplied and used. If there exist
more than one partial model of an architedure and the
models are dependent (for example not orthogonal) then
an integration model is necessary.

The astraded knowledge on partial systems will
be cmmpiled in complex caalogues, cdled architedural
patterns. For clases of software gplicdion systems
architedural patterns can be prefabricaed and thus srve
as templates. They can be seen as an extension of
architedure description languages.

3 Deriving architectural view patterns

As engineeing inspedions architedural views are gplied
to spedfy structure, behavior, applicaion semantics and
techniques of building elements. Due to abstradion and
reaursion building elements are ayain treaed as systems.

According to the embedded huilding elements of an
architedure type and their mapping onto an architecural
frames applicaion-independent and applicaion-spedfic
views can be identified. Applicaion-independent views
are ommon for a dass of software gplicaion systems.
Examples of applicaionindependent views are
integration of legacy systems, human computer
interadion, serviceintegration. Application-spedfic views
are mainly applied to the gpplication case and domain.

3.1 Constructing architectural views

The @nstruction of architedura views is an engineeiing
process resulting in architedural view patterns. At firgt,
the dass of software gplicaion systems has to be
determined. An architedural view pattern is a derivation
of a partial system acwrding to a spedfic asped. As
introduced ealier the partia systems are asigned an
explicit building element charader.

The process of constructing architedural view
patternsisrelated to architedural viewpoints [10] defining
concerns and resources to creae achitedural views.

Determination of application class

l

Classification of
partial system

A,

Identification of
building elements

l

Enlightening of
application semantics

l

Enlightening of
application techniques

l

Examination of
properties and specifics

l

Derivation of
platform requirements

l

Determination of
programm-technical realization

Figure 3. Steps constructing an architectural view

Commonly, the building elements component, connedor
and system are described and modeled. They are speda
lized acoording to the dassof software gplicdion system
they belong to. Assigning the building elements to an
applicdion class the enlightening of their applicaion
semantics and techniques has to be taken place
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Figure 2. Basic architecture frame for software application systems

Regarding their applicationtechnicd context the zooming
into their software-technicad properties and spedfics is
enabled. The information derived from the engineaing
examination of partial systems leads to the compil ation of
detail s onto platform services as well as onto the program-
technicd redizaion. Figure no. 3 represents the steps
congtructing an architedural view. The results of
architedural views are stored into architedural view
pattern (table no. 1). As outlined in [3] the pattern has to
mee the IEEE 1741 [10] requirements.

Architedural  view patterns  ®rve the
substantiation of frames' partial systems and lead to the
spedficaion of building elements and their relations to
eah other of a partial system. Requirements onto
platform services as well as templates for the program-
tedhnicd redizaion are compiled in architedural view
patterns. Thus, architedural view patterns are mmplex
caaogues comprising of abstraded and reusable
knowledge. Each dlot of an architectural view pattern
hosts complex information and is represented again by
patterns and models. The pattern dots are not fixed since
spedal patterns can be derived and prefabricated for
spedal software goplication systems.

An architectural view is gedfic for a dass of
software gplicaion systems. An architedural view is a
technicd description and spedficaion of an building
element together with its driking techniques, semantics
and properties. For architedural views gate transtion
models, life cycle models, etc. can be spedfied.

3.2 Compiling architectural view patterns

According to the dass of software gplication system and
its domain spedal view patterns can be derived from the
basic architedural view pattern represented by table 1.
Applying objed-oriented principles concepts of reuse,
abstradion, compasition, etc. of architedural view
patterns are enabled.

Having introduced the wncept of architedural view
patterns the next paragraph will explain the gplication of
this concept for substantiating interadions in multi-agent
systems.



Table 1. Basic architectural view pattern

Pattern: PArchitecturalView

Pattern name pre-fixed by a‘P'.

Class of software application system:

Description of the spedfics and damain of the software gpli cation system.

Partial system:

Delimitation and classfication of the concerns and architedural issues.

Building element:

Classification of the building element (component, connedor, system). (Note:
Dueto recursion a system is being abstracted into a component.)

Stakeholders:
duties.

Identification of responsible spedalists and their audience a well as their

Application techniques:

Analysis and modeling of spedal building elements and processes, e.g. for
task exeaution, services, platforms. Spedal model types are used.

Application semantics:

Analysis and modeling of spedal building elements and processes of adomain
acordingto rules, organizaional structures, etc. Speda mode types are used.

Properties and specifics:

Spedfication of structure and behavior. Description of common and spedal
software-technica properties, e.g. seaurity, mohility, interoperabili ty.
Spedficdion of structure and behavior. Spedal model types are used.

Platform services

Reguirements onto functionaliti es of platform services.

Program technical realization:

Preparation of atemplate.

4 Architectural view on masinteractions

Multi-agent systems (mas) provide new approades to the
interadion, take-over and execution of tasks. With their
charaderistic feaures, such as autonomy, mohility or the
ability to negotiate, they make grea demands on analysis,
modeling and development and at the same time open up
new fields of application. The relations between agents
are apeadliarity in multi-agent systems. They have to be
complex, variant and negotiable. The interadions between
agents are granted an explicit modeling status. Building
blocks for interadions in multi-agent systems which can
be identified as application-spedfic interagent connedors
are avstraded, modeled and prefabricated. By applying of
architedural view patterns the demands on interagent
connedions, the analysis and modeling of classes of
interagent connedors and their matching assignment to
spedal agents are ducidated.

4.1 Thearchitectural view on interconnections

4.1.1 Determination of application class

A software agent is a cmputer program working
autonomously and goal-orientedly in the name of an
authority [14]. An agent has got its own execution profile
and is able to exeaute tasks on its own initiative and
cooperating with other agents during its life cycle.
Interagent connedors serve the communication and inter-
adion between agents in an agent system. Interagent
connedors provide protocols regulating the interadions
between agents, enabling the use of the functionality of
other agents or allowing accessto external resources [7].
An agent system contains agents and interagent connec
tors and manages the relations between them. It provides

operations that alow the generation, interpretation,
exeadtion, termination of agents and enables the
establishment of connections between agents and
authorities as well as between the agents themselves [7].
Based on the objed-oriented analysis and modeling of
agents, interagent connedors and agent systems, complex
architedure types and have been emerged and
architedural frames where derived from (e.g. [6], [7]).

4.1.2 Déimitation of partial system

Figure no. 2 outlines instances of building element classes
dlocding them to partial systems of the achitecural
frame. Hierarchies of architedural frames can be derived
corresponding to architecdure types. Along these
hierarchies an increasing application-spedfic context of
building elementsisidentified [9].

In this article we ae going to apply architecural
inspedion for the partial system of service integration.
Services are based on applicaionindependent building
blocks and concepts. They are derived and developed by
examining, analyzing and abstrading applicaion
technicd requirements on platforms. Applicaion
technicd building blocks for interagent connedions will
be identified, classified and prefabricaed. Composite
building blocks are structured into and huild of singular
elements. The gplicaion of objed-oriented principles
enhances this approach [6]. In contrast to applicaion
domain, the refinement of platform services is not based
on the dlocation of prefabricated building element classes
and their mapping as appli cation-spedfic building blocks .




4.1.3 Classifying the building elements

The achitedure-based approach assgns a building block
charader to interadions in software gplicaion systems.
Next, we ae going to focus onto the building elements
cdled interagent connedors.

As peda classes of interagent connedors e.g.
ClAlInvo cation Connector |, ClATaskConnec -
tor , ClIAInter face Connector have been anayzed,
modeled and prefabricaed [13]. Interagent connectors for
serviceintegration are gpli cation-independent.

4.1.4 Determination of the application semantics

The interagent connection is a spedal interconnedion
type and is based on speda classes of interagent
connedors. In the behavioral assgnment interagent
connedors edfy the moperation of agents for the take-
over and processng of tasks. Therefore the locd behavior
p (p for port) of the gent ra (ra for requesting agent)

portp , role "oa

=

requesting agent (ra)

must be adgned corredly to its corresponding
interconnedion party pp, (pa for providing agent). This is
redized by a consistent and coherent merging of their
behavior into an interagent connector coupling protocol
CPrapa: Figure no. 4 represents the behavioral assignment
of corresponding interconnedion parties in an abstraded
manner. It represents a mplex process assgning
providing to requesting behaviors. An extension of this
concept is represented by figure no. 5.

Due to their charaderistics the agents trea
interagent connedors as explicit building elements.
Therefore, the interagent connedors have to fulfill
spedfics like non-deterministic connedions,
heterogeneity of participating buil ding elements, volatili ty
of connedion, dynamic behavioral assignment, laterality
of connedions, etc.

role g

o,

portp,,

providing agent (pa)

-
P \

interagent connector (iac)

!

hehavior X |

‘\\\-behavior C

Figure 4. Behavioral assignment to corresponding interconnection parties

4.1.5 Modeling of the application techniques

Due to its gedfics the interagent connedion is based on
severa phases during its gate transition. The phases of
interagent connedion describes the asignment of
corresponding behavior acwrding to syntadicd and
semantic corredness.

Ppa

providing agent

.

query or
query-ref

This assgnment is traversing several phases wherein the
interagent connector will adopt different stati. The phases
of interagent connedion comprise of construction, locd
and global matching, tuning of assgnment, interadion of
corresponding parties, destruction. The sequence and
applicdion of interconnedion phases is represented by
figureno 6.

reqesting agent

L
]
L

inform inform

Done(action)

failure
reason

(iota x (result action) x)

Figure 5. Behavioral assignment as intra-protocol selection
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Figure 6. Sequence and application of interconnection phases

4.1.6 Modeling of the building element

Compiling of the information from the engineeing
substantiation of interagent connedions, a basic model
type [5] of interagent connedtors can be given [13]. The
class CinterAgentConnector is creaed by the
composition of speda interface state, environment,
protocol and language dasses.

(“model type interagent connector )

The represented class model in figure no. 7 serves the
program-technicd redization. Prefabricaing, the spedal
clases CProactiveRole , CReactiveRole and
CSensingRole  are derived as geda profiles for
interagent connedors. Figure no. 6 represents the model
type of an basic interagent connedor.

building block classes property classes

CAgentRoot
4N\

Clnterface

VI

CAgentSystem

CPropertyRoot
T Y
CState

COntology

CAgent connects

0

CProtocol

Figure 7. Model type of an basic interagent connector



4.1.7 Requirementson platform services

The program-technicd redizaion and execution of

connedions prerequisites gedal services oriented

towards concepts and models of the achitecture-based

approach and meding the requirements of applicaion-

spedfic building blocks. Therefore, requirements for the

partiadl systems will be determined. These requirements

are acordingto [13]

e agents, connedors as appli cation-technicd blocks

e prefabrication and re-use of agents and connedors

e anayss, clasdficaion, compaosition of agents and
connedors

e gpeda services for separated management, assgn-
ment of agents and connedors

¢ dynamic management and assignment of connedors

e enabling primitive, complex behavioral assgnments

e management of phases and states of task execution
and interagent connedions

e gyntadicd and semantic matching

e information as to properties, state, type, history, etc,
on agents and connedors.

The identificdion, analysis, abstradion, modeling and
prefabricaion of clases of interagent connedors was
done on the level of architecture type modeling and thus
independently on implementation details and abstraded
from concrete gplication cases. To implement and map
interagent connedors as sparated, explicit and pre-
fabricated building blocks with own semantic status onto
services of platforms, it has to be substantiated and
refined as atechnicd model. The refined service structure
has to meet the requirements of the achitedure type-
based approadh, of applicaion-technicd interagent con-
necdors and phases of the cmmon processng model [12].

4.1.8 Program-technical realization

Code no. 1 represents the IDL spedfication of a common
classof an interagent connedor. It spedfies the mmposite
structure of figure no. 7 and its operationa treament.

1) I

) /I cinteragentconnector.idl

®3) "

4) /I Class for basic interagent connector
(5) Interagentenkonnektor

(6) "

@) I M. Kupries

()] /I Solaris 2.5

9) "

(10)

(11) #i f ndef __ CinterAgentConnector_idl__
(12) #def i ne __ CinterAgentConnector_idl__
(13)

(14) #i ncl ude " cagentroot.idl"

(15) #incl ude " cproactiverole.idl

(16) #include " creactiverole.idl"

17) #i ncl ude " ccouplingprotocol.idl"

(18) #incl ude " ciacstate.idl"

(19) #incl ude " cagentsystem.idl"

(20) #incl ude " cagent.idl"

(21) #incl ude " ciacfilter.idl"

(22)

(23) I

(24) /I Klasse CinterAgentConnector

(25)

(26) i nterface CinterAgentConnector: CAgentRoot {

(27)

(28) attri bute CReactiveRole Destination;

(29) attri bute CProactiveRole Entry;

(30) at tri but e string Description;

(31) attribute enum Type;

(32) attribute enum Mode;

(33) attribute int MaxConn;

(34) attribute int MinConn;

(35) attri bute CCouplingProtocol Interaction;

(36)

(37) at tri but e string Result;

(38)

(39) attribute ClAState Status;

(40)

(41) attri bute CAgentSystem Affiliation;

(42) attri bute CIACFilter Filter;

(43)

(44) voi d SynchronizelnterconnectionPoints

(45) ( i n CCouplingProtocol interaction);

(46) int  GetNumberOfConnections();

47) CIACFilter AssignFilter

(48) ( i n CCouplingProtocol interaction);
(49) int  ComputeMaxConnections()

(50) CIACState ReportState()

(51) CAgentSystem  GetAffiliation( i n CAgent agent)
(52) voi d RegisterConnectiontype( i n enum mode);
(53) int  AbortConnection();

(54) voi d ReleaseConnection();

(55) voi d ResetConnection( i n CProactiveRole entry,
(56) i n CReactiveRole destination,

(57) i n enum mode);

voi d TimeOut();
h

#endi f /| CinterAgentConnector_idl

Code 1: IDL specification of an interagent connector

4.2 Compiling the view pattern

Table no. 2 compiles the information of the engineeing
examinations on interagent connectors into an
architedural view pattern. The pattern represents complex
knowledge and is reusable for deriving spedal classes of
interagent connedors.

The spedal classes of interagent connedors CIA-
Invo cation Connector , CIAResource Connec-
tor , CIATaskConnector , ClAlInterface Con-
nector can beunderstoodinterpreting the view pattern.

5 Conclusion

For the engineaing substantiation of partia systems in
architedural frames architedural views are described and
derived via amethodicd processresulting in architecural
view patterns. Architedural view pattern comprise of
complex knowledge of architeds and serve the
enlightening of detailed information on properties,
spedfics, applicaion tednniques and semantics of
building elements. The gproach of architedural view
patterns results in a spedficdion and thus siits the
overhanding of the results of engineaing analysis and
clasdgficdion to software developers.

For clases of software gplicdion systems
common architedural views can be prefabricaed.

The mplex approach of architectural view
patterns was applied for interagent connedors. The
architedural view pattern on interconnedions in multi-
agent systems comprises of detailed information on
interagent connedors represented again by complex
models and petterns[13)].



Table 2. Architectural view pattern for interconnections in mas

Pattern: PlnterconnctionView

Class of software application system:

Multi-agent systems.

Partial system: Serviceintegration.
Building element: I nteragent connedor.
Stakeholders: Middeware spedalists. Analysis, modeling, implementation of

communication resources.

Application techniques:

Traversing the phases of construction, locd and global matching, tuning of
assgnment, interadion of corresponding parties and destruction.

Application semantics:

Dynamic behaviora assignment of providing ports to requesting ports.

Properties and specifics:

Composite dassmodd (figure no. 7).

Platform services

Spedal interagent connedion service

Program technical realization:

Template avail able via mde no. 1.

6 Outlook

The concepts of the achitecture-based approach as well as
the principles, building elements and patterns will be
applied, validated and extended within in a German
fundraised projed deding with information logistics in
hospitals “Agent system architecures for adive medicd
documents — information logistics in multi-contextual
domains’. For further details on the achitedure type-
based approach as well as on ADE please refer to the
URL <http://www.cs.uni-potsdam.de/soft/taxt/ >,
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