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Abstract

A recent trend in network systems is the advanced techndtodynamically
handle changes in the system. An important basis relieseomtagration of
capability and statusepresentation and their semantic descriptions, which
is currently not expressive enough. In this paper, we prembnified
Capability and Status Representation Framework (Uni@$®) handling
several aspects related to capability and status. A seeisamodeled by
UniCS to show how a network system exhibits adaptable behavio

1 Introduction

Telematics Architecture for Play-based Adaptable Syst@&PAS) uses aTheater
Metaphorto model a network system in the same way a play is played irihbater.
Anyone, who has acting skills, can become Actor playing aRolein a Play. An
Actor playing a Role is described aR@le Figure The Role of an Actor is defined in a
Manuscriptcontaining the behavior of the Role Figure. An Actor is likedypbecome any
Role Figure. However, factors such as sex, age, appearaacéray skill are the obvious
barriers that allow some Role Figure to some Actors. Thederfmare theCapabilities
of an Actor. It is the job of théirector of a Play to determine a fitting Actor to play a
Role. In this task, the Director requests help froBeavice Management System

In a network systemiNodesare typically network processing units such as mobile
phone, stationary computer, laptop, printer and routdrmtbssess particul&@apabilities
At a specific time point, &tatusis a system state with respect to the number of active
entities, traffic situation and Quality of Service (Qo0S). €bis applies to overall system
as well as Nodes. The Capability and Status concepts willdmidsed in Section 3.

Nodes have generigctors which normally inherit Capabilities and Status from the
Nodes. The ability of an Actor to play a Role, which is modelscaaExtended Finite
State Machinan a Manuscript [5], depends on thRequired Capability and Statusf
the Role and théffered Capability and Status a Node where an Actor is going to
play [1]. Employing an appropriat€apability and Status Representation Framework
will help the Director and the Service Management Systeracs¢he best Actor for a
certain Role Figure. However, current Capability and Stagysasentations lack well
integration of theSyntactic Representatiand theSemantic DescriptianThis will lead
to the difficulty when the Director does not understand ¢tjgae meaning of a Capability
or a Status. Though two Actors with slightly different Capities can play a specific
Role interchangeably, the Director unfortunately does awelsuch knowledge and thus
cannot assign the Role to a working Actor in case that the atherfails.



This paper presents an approach to capture and represerkrsawledge in a formal
way. Capability and Status are integrated wimantic Descriptioand Configuration
Rulesto enhance the reasoning process. Section 2 gives basi@tidarof theTAPAS
Architecture An overview of Capability and Status is provided in Section [Sext,
Section 4 describes the definition of tRéay View Capability and StatusThe Unified
Capability and Status Representation Framework (UniS§j)roposed in Section 5. In
Section 6, a scenario demonstrates how to use UniCS to motkef adhtaining dynamic
behavior of an adaptable network system.

2 TAPAS Architecture

The Telematics Architecture for Play-based Adaptable@ygTAPAS) intends to be an
architecture foradaptable network systentisat givesrearrangement flexibilityfailure
robustness QoS awareness andsource control propertie§3]. In analogy with the
TINA architecture principles, the architecture is sepaatah aService Architecturand

a Computing Architecture The Service Architecture is an architecture showing the
structure ofServicesand Service ComponentsThe Service Architecture consists of
Primary Service Providing Functionalitiesnd additionaBervice System3hese Service
Systems are:

e Service Management Systemdefinition of new Services, deployment and
invocation of Services and Service Components

Capability Management Systemegister, de-register, update, transform, provide
access to Capabilities and manage Capability ontology.

Status Monitoring Systerprovision of a view of the offered Status.

Configuration Management Systenoptimization of Service Systems initial
configuration and re-configuration with respect to Capabdiand QoS.

Mobility Management Systerihe handling of various Mobility types.

The Computing Architecture is a generic architecture fomtioeleling of any Service
Component. The Computing Architecture has three laygesvice ViewPlay Viewand
Network View The Service View works seamlessly with the Service Arahitee to
provide the modeling of an adaptable service. The Play Vewheé TAPAS specific
concepts given in the introduction. The Network View corisepre the basis for
implementing the Play View concepts, which again are thécldas implementing the
Service View Concepts. In the other way around, the Servie/\doncepts are mapped
into the Play View concepts, which again are mapped into teevhirk View concepts.
The Play View concepts are seemingly rearrangement fléyibiliented. TheCapability
and Statusoncepts, however, give a basis for the further design dithee robustness,
the survivability, the QoS awareness and the resourcealgrtiperties.

In the Network View, Nodes are installed with ti@ore Platformy which has the
execution support for the Play View concepts. Nodes pultl&ir Capabilities and
Status through a Capability Management System. HoweveC#pability Management
System is beyond the scope of this paper. This paper covergyntlae representation
of Capability and Status, which are managed by the Capabilapddement System and
used by any Service System.
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Figure 1:Teleschool environment in TAPAS
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3 Capability and Status

We will provide an introduction to Capability and Status bgwing the learning facilities
of a school illustrated in Figure 1. A classroom is employeithWAPAS to enhance the
adaptability of the classroom facilities. From the FigureNbde A is the smartphone
of a student with a Bluetooth Capability. Laptop E has a Bluétddapability and a
Wireless 802.11b Capability. These Nodes can connect toatveonk through Computer
B using the Bluetooth Capability. In addition, the Laptop E cannect to the network
via Wireless Access Point C.

Computer B has an Ethernet and a Bluetooth Capability. ComputemnBtalled with
a TAPAS Director, a Service Management System and a Capddidihagement System.
Computer D controls the printing jobs of Printer F and PloGeAll Nodes are installed
with the Core Platform and publish their Capabilities and &tdhrough the Capability
Management System. Students are assumed to use their oves Mad have the Wireless
Capabilities such as Smartphone A and Laptop E. With thesel#ies, the students
can remotely watch lectures live outside the classroom.

Capability

The general definition of Capability in TAPAS is an inhererdggerty of a Node or a User,
which defines the ability to do something. Capabilities carclassified afResource,
Function and Data

e Resources: physical processing or storage componentsnantission channels
with finite capacity

e Functions: pure software or combined software/hardwanretfans, which perform
particular tasks

e Data: just data, which interpretation, validity and lifeagpdepend on the context
of the usage.

Table 1 shows an example of the Capability list of Computer B.iQlsly, physical
hardware components are categorized as Resources, whidiecadependent Nodes
or dependenHardware Components The Hardware Components, such as CPU and
memory, are devices that cannot offer functionalities pedelently and must be hosted by
a Node. Functions are softwares that either work interraliyrovide external interfaces
to other Nodes. The examples of the internal function andettternal function are
Operating Systems and Web Services respectively. Dataisiréogical information that



is utilized or processed by functions before other Nodesusan The Data shown in the
Table 1 are a username and a password that are accessible pswific user.

Capability Primitives | Variety Arrangement
CPU = Pentium(R) 2GHz resource replaceablel shared
Memory =1 GB resource absolute shared

Disk Storage = 100 GB resource absolute shared
Network Card = 100 Mbit/s resource replaceablel shared
Bluetooth = USB 2.0 Bluetooth | resource absolute shared
Capabilities = Speaker resource replaceablel exclusive
Operating System = Windows XP function absolute exclusive
Web Server = Apache 2.0.46 function replaceablel shared
Username/Password = john/***** data absolute exclusive

Table 1:The list of capabilities of the devidomputer Bn the three primitive dimensions

A Capability can also be classified invariety Dimensiorwhether it isreplaceable
or not. If a Capability is replaceable, it can be adjusted plaged by another Capability
with the similar properties. From Table 1, the CPU can be gedmmwn to save energy
when battery is low. In addition, the Web Server can also hakgreplaced with a new
version when there is a functionality that has been fixed fseourity threats.

In an Arrangement Dimensigra Capability can be shared or exclusive depending
on the visibility and the availabilitto other Nodes. For example, the Nodes’ CPU
information must be visible. This allows the fastest Nodé¢oselected. On the other
hand, a password must be hidden. In addition, the Web Semesides a service
exclusively to the local computers within the domain whematks in the exclusive mode.
Otherwise, it provides the service to all computers in theaesti mode.

Status

In addition to the Status definition given in the IntrodunticGtatus and Capability are
related in the way that a Capability always has Status but m®tother way around.
The Status of a Capability is considered the Capability stAt&tatus can be derived,;
for example, we can define that a computer is working off-irfeen either its network
adapter is not functioning or the network is not working. sTtiefinition is denoted as a
Configuration Rule saying that the off-line state of a compigtelerived from the states
of network and network adapter Capabilities.

Another important aspect about Status is the value rangehw basically of two
types: symbolic or numeric The challenge is to provide unambiguous semantic to the
value range: for instance, the Connectivity Status of a Nadehe defined in only 2
distinct symbolic values: on-line and off-line. The senaof the off-line state explains
that a Node becomes offline when it has lost the connectiatyat least 5 minutes.
Quantifiable Statusi.e. numerical status, can be defined from three definitighe
semantic of the upper/lower bound, the unit/precision d®litmpact when the value
is changed. An example of the upper/lower bound semantidedithe more harddisk
space a Node has, the more possibility to install a new soffwaAn example of the
unit/precision semantic can be “a 100 GB disk is larger thA@@&MB one”. An example
of the value impact semantic can be “a program uninstatiatave needed when harddisk
space is used more than 80%”.



?enumeration? ?enumeration? ‘ Mapping
ArrangementType VarietyType Semantic Actor
+ SHARED + NEGOTIABLE /
+ EXCLUSIVE + ABSOLUTE ff
offers
has
Network View Status }—
f gives
Node Network View Capability g?ga\éiiﬁg
- variety: VarietyType .
\—> - arrangement: Arrangement Type // requires
has - updatable: Boolean / i
/A\ Mapping requires
| T ‘ Semantic Role
‘ Resource ‘ Function ‘ Data ‘
Network View Play View

Figure 2:General Capability Model in TAPAS

The Ontological Capability and Status Framework

Capability and Status give extra knowledge to improve thesae@mg power of the
Director and the Service Management System. However, densg just the solid
information about Capability and Status may limit the powiehe reasoning mechanism.
For example, if a printing system chooses a target printsedbaon printing-related
capabilities, the system may not be able to understand hattepland printer are different.
As a consequence, it would redirect a billing report to alggsibtter. Thus, it is not
sufficient to define that two printers can be used interchalplgevhen they supply the
same printing-related capabilities. Some constraintsaxahomy hierarchy are needed;
for examples: “The cost-per-page difference of both prgtaust not exceed 10%.” or
“The plotter is categorized as high-resolution printer amel high-resolution printer is
available exclusively to a large document.”. These requénets constitut€onfiguration
Rules which can be used to make a common understanding of a sp€eapeability
and Status. Configuration Rules also provide the relationbbigveen well-defined
Capabilities and Status. In this way, @mtological Capability and Status Framework
can be created.

4 The Play View Capability and Status

To properly perform the reasoning mechanism in adaptabtevanks, the proper
understanding of Capability and Status is needed. A systesigrtky can compose a
Play to fulfill this requirement by combining several ConfiguratiRules that consist
of Capabilities Status Axiomsand Constraints However, the system designer would
have to design the Play that covers all possible Capabilities Status of any Node.
Alternatively, we propose the use of an abstraction layeZagfability and Status for the
Play composition. Capability and Status are considerecdeiiNgtwork View and the Play
View as illustrated in Figure 2. What up to now that has beersiciened as Capabilities
and Status of a Node are denoted as Network View CapabiliidsStatus, abbreviated
as NV-Capabilities and -Status respectively.

A Play View Capability abbreviated as PV-Capability, is the function that an NV-
Capability offers in the Play View. It is aabstractionof an NV-Capability that

1. provides a unified representation with well-defined sdmato describe a
Capability in the Play View,



2. maps two or more NV-Capabilities that potentially give saene functionality,
3. simplifies thePlay creation process from the direct use of NV-Capabilities,

4. has specific meaning in a Domain.

Let’s consider the Teleschool environment given in the Feglu Here we encounter
two mobile Nodes with dissimilar Wireless NV-Capabilitie$he Smartphone Aises
Bluetooth to connect to other Nodes, while ttegptop Econnects to the network with its
802.11b Wi-Fi. If the Director wants to execute a Play to deédl Nodes with Bluetooth
or 802.11b NV-Capability, the Director will have to find ouede Capabilities iteratively
from all Nodes. If a student owns a laptop with a newer versibWwi-Fi 802.11g, the
new NV-CapabilityWi-Fi 802.11gmust be included in the Play. Otherwise, the Play is
not applicable to all possible Nodes.

Wouldn't it be nice if we can define shortly a Configuration Ruiethe play “all
Actors possessing wireless PV-Capability must turn offrtBeiund PV-Capability before
entering a Domain that is offering classroom PV-CapabifityVith the assumption that
all NV-Capabilities can be mapped to PV-Capabilities, theymlan be designed in a
simpler manner from the PV-Capability requirement instefadsing the NV-Capability
directly. PV-Capabilities can be categorized into an orgglbierarchy; for example:
wireless PV-Capability can be further separated to the lamge, mid-range and short-
range transmission functions. The PV- and NV-concept ae applicable to Status the
same way it is used for Capability. However, examples willlm®given.

5 Unified Capability and Status Representation Framework
(UniCS)

From earlier examples, we have given the examples of the Goafign Rule, which are
used to formulate a Play. However, these rules are not medetperformed by us. They
shall be enforced by the network system. Therefore, a fomaglto capture and make
use of the Configuration Rules is required. In this section,apgsal for the formal
representation of the NV-Capability and -Status and the PdaBitity and -Status is
given in a unified framework denoted as the Unified Capability &tatus Representation
(UniCs).

Network View Capability and Status Representation

The Network View Capability and Status, abbreviated as NVabdjy and -Status, are
used to describe Capability and Status extracted from Nddwesr representation should
provide a well-defined structure with precise semantic tstdadable by the network
systems. Though any representation can be used with the Weldy and NV-Status
because they will be eventually transformed into the PV-Gdipaand -Status, using
a single standard accepted by all Domains is recommendedh &\&ingle standard
representation, the system does not have to worry aboutdogatl and understand the
semantic of the representation since it is what everybodgydgaeed on. There are and
will be a lot of ready-to-use tools and supports for the staddepresentation. In addition,
only one set of Configuration Rules is required to map stangeddiV-Capabilities and -
Status into PV-Capabilities and -Status. Using a singleasgrtation therefore simplifies
the integration of the instances of Capabilities and Statura many Domains.
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and Status

One of the emerging standards in networking data modé&asimon Information
Model (CIM) from Distributed Management Task Force (DMTF). The staddabased
on the attempt to integrate all management information. I@nkasis of UML used
in the model, CIM is an easy-to-use model with a lot of graphicadeling tools and
Application Programming Interfaces (APIs) on many compyijplatforms. The model
comes with sufficient pre-defined physical, logical and serentities with the possibility
for extensions. The CIM serialization in the Extensible Mark.anguage (XML-CIM)
inherits an important property of XML, the machine compredible. The example of
modeling the NV-Capability and -Status in CIM is illustratedFigure 3.

CIM provides only the basic semantic to each entity in the rhod® cope with
this limitation, we develop a framework that improves thpressiveness of CIM models
by constructing XML Declarative Description (XDD)-basedr@iguration Rules with
axioms, constraints and a reasoning mechanism to faeilggdtitional semantic to the
model entities. XDD [11] is an expressive XML-based knowjedepresentation that
works seamlessly with all models, syntax and ontologies tigreling ordinary well-
formed XML ground element with variables. Aagesen et al. egaa example of a
dynamic configurable system in the Network View with CIM and XI[2].

Play View Capability and Status Representation

In the Play View, an Actor inherits Capabilities and Statumrfra Node. These are
Play View Capabilities and Status, abbreviated as PV-Capadiid -Status. Unlike the
NV-Capability and Status, the PV-Capability and Status gpeesented in a unified and
platform-independent representatiétesource Description FramewofRDF). Each PV-

Capability is an RDF resource withlniformed Resource Identifier (URhat belongs

specifically to a domain. An RDF statement is composead lxyple consisting Subject,
Verb, Objectthat resembles an English sentence. Even though the RDRwgUs

simple, it provides sufficient constructs to describe PVdlslgies and -Status. In
addition, the standard ontology languages on the web sutifed®DF Schema (RDFS)
and the Web Ontology Language (OWL) are also based on RDF. Tianees the
reasoning mechanism by the creation, manipulation andagxgehof the ontology of the
PV-Capability and -Status across Domains. Anutariya etrab@sed an RDF Declarative
Description (RDD) framework, which shows the effectivenetsising the ontological

language such as RDF, DAML+OIL and DAML-S with the ConfiguratiRules described
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in XDD. [4]. The RDD framework is the basic idea of employing-Répability and PV-
Status in TAPAS.

Figure 3 shows the transformation from the Computer B’s NV-®Gdiparepresented
in CIM instance to the equivalent PV-Capability in RDF. Due te #ipace limitation, the
complete RDF diagram is not given.

Domain Oriented Representation

In TAPAS, aDomain taken care by a single Director, is a part of a big systemesoimigy
Nodes that are related in terms of location, functionalityservice. The Internet is a
good example of a Domain System. Computers on the Internatiated into groups
with uniqgue domain names. UniCS is a domain-oriented reptasen, i.e. the semantic
of Capability and the Status may vary from place to place, ftione to time or from a
specific situation to others. Since it is not possible todacsingle semantic framework
to all systems, &€ommon Semantis used to resolve semantic conflicts in different
Domains.

In Figure 4, each Domain is supplied with its own semantitiwhie relationship to the
Common Semantic. The Common Semantic provides the relatphbshween identical
Capabilities and Status from various Domains. It is used $olve possible conflicts
from Capabilities and Status with different semantic and tinake it possible to combine
them. For example, the Smartphone concept is defined in a Damsaa mobile phone
that requires Microsoft Windows Mobile Edition for Smargpte. This is because the
Domain can only supply support software for this platfornyokiowever, the case might
not be the case in some Domains where the Smartphone Ope$gtstem can vary from
Symbian, Microsoft Windows Mobile Edition or Linux.

The concept of Domain applies to both NV-Capability and 1&a&nd PV-Capability
and -Status. Nonetheless, UniCS handles the NV-Capabilidy-8tatus differently.
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The semantic of the NV-Capability or an NV-Status is mappedivadently to one or
more PV-Capabilities or -Status defined in the Domain. Thisices the complexity of
handling the semantic differences of NV-Capabilities antts across domains, and
thus provides a unified framework to the Capability and St&tasagement by using the
PV-Capability and -Status. In addition, UniCS allows the tidiinteroperability with
other architectures that encode Capability and Status fardift syntax and semantic.
With Configuration Rules supplied, the Capability and Statysesentations in those
architectures can be transformed equivalently into th&23rg PV-Capability and -Status.

6 Using Play View Capability and Status

We have briefly shown how Capability and Status in TAPAS areasgnted in UniCS.
Basically, UniCS separates NV-Capability and -Status fromdRyability and -Status.
Configuration Rules, which constitutes the Play in TAPAS, areated from PV-
Capabilities and -Status. The representation layer shotriagepresentation used in
UniCS is illustrated in Figure 5. We are now ready to use theCRyability and -Status
to create Configuration Rules for a scenario in the teleschoat@ment.

Figure 6 reveals the facilities of a network classroom. 8iiichas been recently
reported that many students don’t turn off their mobile p®mvhen they are in the
classroom, the teleschool administrator is asked to cacts& play in the TAPAS
environment to automatically detect and request the simang Nodes to turn off the
Sound PV-Capability Fortunately, the students’ smartphones are installet e
TAPAS Core Platform that provides support for the Play-basettepts.

Itis assumed that all PV-Capabilities that produce sound brigirned off separately.
Therefore, the system administrator must create a Playrity el PV-Capabilities of the
Actors hosted in the students’ Nodes, i.e. the smartphdhiedes have PV-Capabilities
that are thesubclasse®f the Sound PV-Capabilitythe Director will send &Disable
Manuscript” to turn them off. Based on UniCS, three Configuration Rules acg@teas
illustrated in Figure 7.

When the smartphone A, with an MP3player, a Loudspeaker anduatdgith
PV-Capabilities, enters the classroom, two PV-Capabilittke Loudspeaker and the
MP3player, will be turned off. This is because they are tHecksses of the sound PV-
Capability. With the provided subclass-superclass ontoltte Director create lay
Configurationinstructing an Actor in the smartphone A, smartphoneA-Agenturn off
these PV-Capabilities with a Manuscript. The executionltesghown in Figure 8.
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Rule 1 — Determines Manuscripts
required when a new Actor wants to
play the Silent Student Role.

1a) Any instances of the Actor can
become the Silent Student Role
Figure. However, they must execute a
collection of Manuscripts.

1b) A list of Manuscripts will be
constructed. The xet:SetOf
constructs the list of Manuscript
$E:manuscripts based from the
constructor specified within
xet:Constructor.

A Manuscript is the disable script
(specified by the script id). The
parameter of the script is the name
of the PV-Capability to be disabled.

The xet:SetOf function will be fired
exclusively for all PV-Capabilities of
the Actor $S:actor that are
subclasses of the Sound PV-
Capability. This implicitly ignores all
irrelevant PV-Capabilities

Rule 2 — Find out the PV-
Capabilities of an Actor that are
subclasses of a PV-Capability.

2a) Any Actors $S:actor can have
PV-Capabilities that are subclasses
of a PV-Capability
$S:superClassOfPVCapability

2b) This body represents the
structure how an Actor $S:actor
possesses the PV-Capabilities (in
the RDF collection model).

2C) The restriction stated in this
body shows that all applicable PV-
Capabilities must be the
subclasses of
$S:superClassOfPVCapability. The
restriction will be proved by the
third rule.

Rule 3 — Prove if a resource is
the subclass of another resource

3A) A resource $S:class can be the
subclass of a resource $S:superClass.

3B) If for all instances of resource
$S:class are a subclass of another
resource $S:superClass2.

3C) And $S:superClass2 is the
same resource as $S:superClass

Figure 7:The Play to turn-off all kinds of PV-Capabilities that produce sound.
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Figure 8: The execution result of the Play in Figure 7 and the PV-Capabilities with sapplie
ontologies.

7 Conclusion

By using UniCS’s PV-Capability and -Status, the semantic ofGapability and Status
models of network systems can be enriched. As a result, agalagd network system, led
by a Director, can orchestrate itself to behave properlynithere are changes occurring.
This reasoning mechanism serves as a principle aeangement flexibilityhat is one
of the three basic required properties for taptable systemNevertheless, there are
still more works to do regarding the rearrangement flexipbgince the simple subclass-
superclass relation is not expressive enough in all sdoatiWe are working on the next
version of UniCS to provide more ontological ingredientse Tiiture integration with the
RDD framework will enlarge the scope of the ontological framek in UniCS, and thus
will make the ontological model suitable in most situatiohsaddition, the model must
be combined with other works regarding failure Robustneds@source load awareness
and Control in TAPAS. The final model will then serve as the tgueunding for the
Adaptable System.

8 Related Works

CIM is used in many projects to resolve the interoperabilityptems between systems.
Examples are the Web-Based Enterprise Management (WBEM) andDitectory
Enabled Networks (DEN) from DMTF [10]. However, the framekslack a mechanism
to enable the dynamic behavior. The Automated Policy-b@desburce Construction
by Sahai et al. employs CIM as the underlying Capability mo8&¢l [Nevertheless,
the policies are constructed mainly by the defined congtraihe lack of expressive
axioms limits the system from deriving new knowledge, whichnfortunately needed in
adaptable environments.

There are several attempts trying to provide a unified fraonkew model syntax and
semantics using XML and RDF. This is again emphasized by Tim&srLee when
he encouraged developers to start building RDF triples thiatiaen ad-hoc ontologies in
the WWW2004 conference. Patel-Schneider andésimemploy an RDF mediator to
allow XML dialects in the applications [7]. Although this @uite relevant to our work,
their research focuses on providing the semantic reasdaistatic models. Thus, it is



not well-suited in the world of network application. The Rb&sed system can also be
found in the world of network management. Shen and Yang usdRDF to describe
models created by the next generation structure of manageniermation (SMing) [9].
However, the work tends to focus mainly on the resource Jewal Capability. Another
attempt by Motik and Glavigito create model for querying RDF knowledge in the Agent
Architecture is limited to the RDF and not applicable to otbetological languages [6].
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