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Service-Oriented Framework Achieving Interoperability between Networked
Appliancesin HNS Integrated Services

Hiroshi Igaki, Masahide Nakamura, and Ken-ichi Matsumoto
Graduate School of Information Science, Nara Institute of Science and Technology

8916-5 Takayama, Ikoma-Shi, Nara 630-0192

Abstract  With integrated services which make two or more appliances orchestrate, an appliance framework in
consideration of an interoperability problem between multi-vendor appliances should be needed. To achieve the
interoperability, this paper presents a service-oriented framework for multi-vendor home network systems(HNS). We
propose a two-layered design of an appliance, consisting of device and service layers. The device layer corresponds
to the physical device of the appliance controlled by vendor-specific interfaces. The service layer exhibits features
of the device as self-contained services accessible via device-independent interfaces. In our proposed framework,
every integrated services are realized by these appliances appliances which adopt the design. Such self-contained
appliances enable high interoperability between them.

key words  service-oriented architecture, interoperability, evolution, home network system, integrated services

1. Introduction

Several companies have already released commer-
cia networked appliances and home network sys-
tem(HNS) services (e.g., [11, 6]), such as remote con-
trol of the appliance outside home and group control
of lights. Although networking home appliances could
add value to our daily life, the current HNS services are
not so sophisticated that are not far from the conven-
tional remote control. Also, a HNS service is usually
limited within asingle or small number of single-vendor

appliances.

The next step for the industries is to integrate and
orchestrate appliances from multiple vendors flexibly,
in order to provide more sophisticated value-added ser-
vices for home users. We call such the next-generation
HNS service as HNS integrated services in this paper.
For instance, integrating a TV, aDVD player, speakers,
lights and a blind would implement a HNS integrated
service, say, DVD theater service. When a user turns
on the DVD player, the lights become dark, the blind
is closed, and the 5.1ch speakers are selected while the
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volume is automatically adjusted.

In order for the multi-vendor appliances to commu-
nicate with each other, a common network protocol
is necessary for the HNS. For this, severa protocols
(e.g., DLNA [2], ECHONET [3]) are being standard-
ized. Once a common protocol is given, the vendor of
each appliance has to achieve two issues: protocol con-
formance and appliance interoperability. The protocol
conformance isthat each appliance must conform to the
given HNS protocol. On the other hand, the appliance
interoperability is that multiple appliances conforming
to the same protocol must operate together to achieve
the HNS integrated services.

In general, checking the protocol conformance of an
appliance is not very hard, since the conformance test-
ing can be performed within a (single) vendor of the
appliance. However, validating the appliance interoper-
ability is much more difficult, since it requires the ac-
tual integration of appliances under the collaboration of
multiple vendors.

The conventional approach to achieve the appliance
interoperability isthat the alliance of the vendors deter-
mines a reference model with a rigorous specification,
for each kind of appliances[7]. The rigorous specifica
tion minimizes vendor-specific implementation. Thus,
each vendor can perform the interoperability testing in
isolation, by checking if the developed appliance can
work with the reference model. However, this approach
lacks flexibility in changing the reference model, which
significantly limits the evolution of home network sys-
tems. Specificaly, the reference model may prevent
appliance vendors from implementing vendor-specific
features exceeding the model. Also, the variety of in-
tegrated services is aso limited within the reference
model.

To enable the evolution of HNS with sustaining the
appliance interoperability, this paper proposes a new
framework for HNS appliances. The proposed frame-
work extensively utilizesthe concept of service oriented
architectures (SOA) [13].

In order to apply SOA to the networked appliance,
we first propose a two-layered design of an appliance,
where each appliance consists of two layers: device
layer and and service layer. The device layer corre-
sponds to the physical device of the networked appli-
ance. On the other hand, the service layer is a software
application on top of the former two layers, which isa
core of the proposed framework.

The service layer exposes the features of the under-
lying device as services, based on the SOA principle.
Specificaly, the service layer aggregates the features
of the appliance as self-contained services that are in-
dependent of other appliances. Also, for each service,
the service layer exposes a platform-independent and

strictly-typed interface, by wrapping proprietary device
APIs with a certain SOA framework (e.g., Web Ser-
vices [4, 15]). Thus, each appliance can conform to
a platform(i.e., implementation)-independent protocol,
which achieves conformance.

Next, we construct HNS integrated services by com-
bining the (existing) services of appliances, specifically
executing exported methods in a certain order. The ex-
ecution of the integrated service is performed with an
external service integration mechanism. Thus, scenar-
ios of the integrated services are separated from the ap-
pliances.

2. Preliminaries

2.1 Networked Appliancesand I ntegrated Ser-
vices

A home network system (HNS) consists of one or
more networked appliances, which are connected to a
local area network. In general, each networked appli-
ance has device control interfaces (i.e., APIs) by which
users or external software agents can control the appli-
ance via network. Thus, the appliance is supposed to
Oown a processor, a storage (to store device applications
or middleware), and a network interface to handle the
API cdlls.

Controlling only a single networked appliance does
not offer much added value compared to the traditional
appliances [9]. The main advantage of the HNS laysin
integrating the control of multiple appliances together.
This yields value-added and more powerful services,
which we call HNSintegrated servicesin this paper.

The communication among networked appliancesis
performed by an underlying protocol. Assuming that
multiple vendors participates in developing networked
appliances, a number of protocols for the appliances
have been proposed and standardized. Typica proto-
cols include X-10 [16], HAVi [5], Jini [8], UPnP [14],
ECHONET [3] and DLNA [2], athough their purposes
and operating layers may vary. In order for two or more
appliances to collaborate with each other, basically the
appliances have to conform to the same protocol, which
we call protocol conformance.

Checking the protocol conformance isnot very hard,
since it can be performed by individual vendor of the
appliance, independently. Tools for the conformance
testing could be given. For instance, DLNA pro-
vides CTT [7](Conformance Test Tool) for digital au-
dio/video appliances.

01120


研究会temp
テキストボックス
－112－


Networked TV
/ Reference Model

Networked DVD
Reference Model

HNS Integrated

I:I Services
DVD,
Tvref o
— L=
T R
="_Conform .. ,,,,,,,,,,?.;f:,,(;gﬁfgrm:':sﬁ,mwwm
B = ~——
B Tl " —n—
v, v, v, DVD, DVD, DVD,
k Products Products

Figure 1. Conventional approach to assure
the appliance interoperability

2.2 Exampleof HNSIntegrated Services

For amore comprehensive discussion, here weintro-
duce a simple example of HNS integrated services. In
the example, we suppose a HNS consisting of three ap-
pliances (a DVD player, a TV, a speaker). We prepare
the following two service scenarios of the HNS inte-
grated services.

Auto-TV Service: When the user turnsonthe TV, the
speaker’s channel is set to 2ch, and the volume of
the speaker is automatically adjusted for the TV
mode.

Auto-DVD Service: When a user switches on the
DVD player, the TV is turned on in DVD mode,
the 5.1ch speakers are selected, and the volume of
the speaker is automatically adjusted.

2.3 Appliance I nteroperability

Even if multiple appliances achieve the protocol con-
formance, it does not mean that the appliances can suc-
cessfully work together to provide the HNS integrated
services. Mgjor reason isthat the protocol conformance
is validated by each vendor in isolation, which does
not cover the combined behavior of multiple appliances.
Thisissue is known as appliance interoperability.

A straight-forward way for validating the interoper-
ability is to run and test the HNS integrated services
thoroughly on the actual appliance implementations.
However, it isdifficult for the vendorsto predict exactly
which appliances are combined in a HNS by the indi-
vidual home users. Worse in the multi-vendor environ-
ment, the number of possible combinations growsin ex-
ponentia as the number of appliances. Thus, achieving
complete interoperability is a quite difficult problem.

The conventional approach to circumvent this prob-
lem is to introduce a reference model for each class of

appliances [2] [3] with rigorous requirements and spec-
ifications. For instance, let us consider a case with the
networked TV and the networked DV D player with Fig-
ure 1.

Suppose that each of vendors A, B and C wants to
develop anetworked TV (TVa, TVg or TVc) to achieve
Auto-DVD service (see Section 2.2). While, each of
D, E and F tries to develop a networked DVD player
(DVDp, DVDg or DVDg). Then, the aliance of the
vendors determines a reference model for each class of
TV (TV,e) and DVD player (DVD;es). Each vendor
develops the product so that it conforms to the refer-
ence model. Thus, TVa, TV and TV are supposed
to conform to TV,es. Therefore, if DVDp (or DVDg,
DVDg) is developed so that it can work with TV,
then DVDp achieves interoperability with al of TV,
TVg and TV¢. Note that this interoperability validation
can be performed by D without having TV,a, TVg and
TVe.

The method of interoperation (e.g., how to turn
on the appliance and how to change the inputs, etc.)
is dtrictly pre-defined among the reference models.
Hence, the HNS integrated services are implemented in
details according to the reference models.

2.4 Problem on Conventional Approach

The conventional approach with the reference model
currently gives a redlistic solution. However, in the
near future it will place serious obstacles in evolution
of HNS, which are summarized as follows:

E1: Evolution of reference model

Since the reference model is tightly coupled with
all the appliances, it is quite difficult to change or up-
date the reference model. Any changes in the refer-
ence model force the vendors to update all the appli-
ance products, which would corrupt the interoperabilty
among the new and the existing appliances.

E2: Evolution of networ ked appliances

The reference model rigorously prescribes over the
multiple vendors how the appliances should behave.
Each appliance has to be strongly aware of how the ap-
pliance should be interoperated with other appliances.
Also, al appliances conforming to the same model are
regarded to be equivalent. These facts would signifi-
cantly limit the vendor-specific features, which prevents
the evolution of the appliances.

E3: Evolution of integrated services

The HNS integrated services are implemented in
a ready-made form by appliance vendors or service
providers, according to the reference model. Hence,
developing integrated services requires vendor’s expert
knowledge, and customizing the integrated services is
limited within the framework of the reference model.
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Thus, the reference model would limit the possibility of
future programmabl e services, where home users inte-
grate arbitrarily appliances as they like and create their
own integrated services.

3. Service-Oriented Framework of Home
Networ ked Appliances

To achieve the appliance interoperability in a more
flexible way, we introduce the concept of the service
oriented architecture[13] in the HNS.

3.1 Keyldea

Our key ideaisto apply service oriented architecture
(SOA [13]) to HNS in order to eiminate the reference
model, without loosing the appliance interoperability.

SOA is a system architecture to integrate different
systems distributed over a network. Each system ex-
ports own features to the network as a unit of service(a
set of tasks, which is coarser than an object). Each ser-
vice is self-contained, that is, a service operates inde-
pendent of the context or states of other services. The
internal logic and implementation are encapsulated in
the system. The system exposes only interfaces of the
service in form of strictly-typed exported methods. To
achieve the SOA-based framework in HNS, we assume
that each networked home electric appliance satisfies
the following conditions.

Condition C1: Each appliance has device control in-
terfaces that can be accessed by software (eg.,
APIs).

Condition C2: Each appliance has a storage to store
application software (server and device control ap-
plication), a processor to execute the application,
and a network interface.

Device control interfaces of each appliance change
with kinds of the appliances. In our proposal, this dif-
ferenct is generalized by the application installed in ap-
pliance strage area(C2). Self-contained services of the
appliances are realized by implementing such applica-
tions as the service of SOA. The HNS integrated ser-
vices are created as a service set of appliances. Such
integrated services are not influenced by implementing
for every appliance, or the dependency between appli-
ances. As aresult, the interoperability in the HNS inte-
grated services improves.

Our originality here is to apply SOA extensively
to the home network system, where heterogeneous
and multi-vendor appliances (satisfy Condition C1,C2)
must collaborate to provide the HNS integrated ser-
vices.

Figure 2 represents an overview of the proposed
framework, involving the same set of appliances shown
in Figure 1. As will be explained in the next subsec-
tion, each appliance has two layers. service layer and
device layer. HNS integrated services are created for
each combination of appliances, by combining services
provided by individual appliances.

Integrated
Services

Service Layer[TV, Service | [TV, Service ] [ Tv. Service ] [DVD, Service] [DvDg Service | [ DVD: Service

DevlceLayer- w-H-‘ Hﬁ —

el

Services Services

Figure 2. Overview of the proposed frame-
work

3.2 Two-layered Design of Appliance

To achieve the basic principle, we propose a two-
layered design for networked appliances. Specifically,
we divide each appliance into two layers: adevice layer
and a service layer, as shown in Figure 3.

The device layer refersto the hardware portion of an
appliance. According to Condition C1, each appliance
has a set of APIs, by which a software application can
control the appliance. The device layer can also involve
amiddleware to drive the APIs.

On the other hand, the service layer is implemented
as a software application installed in the storage of the
appliance (see Condition C2), which is a core of the
proposed framework. The service layer aggregates the
features of the appliance asa set of services, and exports
the services to the network with exported methods.

As depicted in Figure 3, each service invokes a set
of APIs of the underlying device layers, in order to im-
plement a self-contained feature of the appliance. The
communication between the service and the device lay-
ers may require vendor-specific procedures and/or pro-
prietary protocols, which is depicted by dotted arrows
in Figure 3. Then, the service layer exhibits the inter-
faces of the service as a set of exported methods (de-
picted by boxes on the services). The exported methods
are opened to network with a strictly-typed interface
definition. These methods can be accessed (executed)
from external software in adevice-independent manner,
which does not depend on the underlying device imple-
mentation of the appliance. For this, we use a generic
SOA framework such as Web services (with WSDL and
SOAP/XML).

Our framework does not force the appliance vendors
to adopt any reference model. Moreover, for a given
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Figure 3. Two-layered design of an appli-
ance

Figure 4. Appliances with the SOA frame-

appliance, how to implement the service layer is com- work

pletely up to the vendor. Also, it is possible for the ven-
dor to modify or update the device and the service lay-
ers, as long as the interface definition of the service is

not changed. What must be achieved intheservicelayer ~ SS2: Auto-DVD Service (with TV, DVDp, Speakerp)
arethat; 2.1 DVDp.onQ); /*DVDp is turned on*/

2.2 TVA.ONO; /*TVa is turned on */
Requirement S1: Each service must be self- 2.3  TVa.InputSelect(DVD); /*Input is set to DVD*/
contained, which does not depend on the 2.4 Speakerp.power (ON); /*Speakerp is turned on*/
context or states of other appliances. 2.5 Speakerp.input(DVD); /*Input is set to DVD*/
2.6 Speakerp.channel(5.1); /*5.1ch is selected */
2.7 Speakerp.volume(80); /*Sound is set to 80db */
2.8 DVDp.play(Q; /*DVDp plays contents*/

Requirement S2: The service must be executed with
device-independent communication using a stan-
dard SOA framework such as Web services.

Requirement S3: Once the service is deployed, itsin-
terface definition must not be changed.

These requirements are quite reasonable in the context
of SOA.

Figure 4 shows an example design of the networked
TV, DVD player, Speaker and Light. In the figure, we
assume that Tv,, DVDp and Speakerp are developed by
different vendors A, D, P, respectively, with the pro-
posed two-layered design. The role of each method
is as read in the figure. We assume that for each ex-
ported method, a usage manua and an interface defini-
tion specifying the type of parameters and return value
are given by the vendor.

3.3 Service Integration to Achieve HNS Inte-
grated Services

We implement an integrated service by executing
exported methods in accordance with a certain order.
For example, let us implement Auto-DVD service with
TVa, DVDp, and Speakerp shown in Figure 4. Then,
the following two sequences of method invocations can
achieve an implementation of these integrated services.
In the following, an invocation of an exported method
m() of an appliance App is denoted by App.m(). Also,
the sequences are called service scenarios, denoted by
SSo.

To execute the exported methods over different ap-
pliances, we need a certain service integration mecha-
nism. For this, two different methods in SOA can be
used.

The first method is to use a standard service inte-
gration framework in SOA, such as BPEL4AWS [1](as
shown in Figure 5(a)). The framework specifies an ex-
ecution order and logic among distributed services, and
integrate and execute them as a business wor kflow[10].

The second method isto del egate the service integra
tion to the appliance themselves, so that the integrated
services are executed in an autonomous and distributed
way (as shown in Figure 5(b)). In our previous work
[12], we put an application module (depicted by an oc-
tagon in Figure 5) into the service layer of each appli-
ance. The module dynamically selects and triggers an
appropriate exported method, according to a given ser-
vice scenario.

No matter which method we use for the service inte-
gration, a HNS integrated service can be implemented
as a sequence of invocations of exported methods.

4. Discussion

If our proposed framework is achieved, then it would
be unnecessary to take problem E1 (see Section 2) into
account. In the proposed framework, each appliance
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Figure 5. Service integration mechanisms

provides its features in a form of self-contained ser-
vices with a standardized interface. Here, the appliance
can export any serviceswithout concerning how the ser-
vices are used by other appliances.

The vendor of each appliance can freely update and
modify the implementation of the appliance, aslong as
the vendor does not changetheinterface definition. This
would help to cope with problem E2.

A service designer just chooses a set of exported
methods and specifies an execution order and logic. For
this, the designer just has to know the interface defini-
tion of the exported method, but does not need to con-
cern implementation or dependency among the appli-
ances. With an appropriate assistance to understand the
interface definition, even a home user would be able to
design own services. This would help to resolve prob-
lem E3.

5. Conclusion

In this paper we have presented a service-oriented
framework for networked appliancesin HNS. The pro-
posed method extensively used to enable flexible evo-
lution of HNS with sustaining interoperability. We are
currently developing tools to support non-expert users
to construct integrated services easily. To design inte-
grated services, a service designer has to first choose
appropriate services for each appliance, and then un-
derstand the service interface definitions. This would
impose a tough task for non-expert users.
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