can be considered as a certaipstract class of services 9.1-based SE m600i [12] support the CDC environment,
provided in the context of an activity. Finally, Activity which brings major advantages for the application
may be provided by a number of users and may alsodeveloper. For example, CDC supports user defined class
belong to a number of categories (depending on theloaders, the reflection APl and thereby meeting
preferences of the audr of the activity). requirements for OSGi container deployment, which was
not possible on CLDC-based devices, and also the ability
4.1.1. Activity scenarios.Activities that are mapped to to interact with native methods via the Java Native
Web Services can be used in a number of ways. The basitnterface (IJNI). CDC on Smartphones enables us to
example is that a user creates an activity declaration alongrogress towards richer Java applications on mobiles and
with a service mapping (e.g., Consulting Service). The also managed services that can be deployed in OSGi
service consumer locates activities (and correspondingcontainers in form of bundles.
services) by searching thctivity Management Service
and may obtain information regarding providers, such as5.1. OSGi container technology and services
coarse grained location information and their published
service endpoints. Two OSGi containers can readily be used for mobile
The consumer may also watd execute an activity or embedded devices, the popular open-source
where, however, no service prdei exists at this stage implementation from Knopflerfish (short KF) with the
(i.e., pending tasKs To illustrate this example in depth, overall size in the minimal configuration of 288kb [4].
suppose the service consumer publishes an activity inThe other option is Concierge [5], an OSGi R3
form of a job description. Interested human service implementation with a footprint of 79kb. In our test
providers may publish a service mapping in the AM environment KF was used on the PocketPC (service
service, hence becoming a potential service provider forprovider implementation) and Concierge OSGi to run the
an activity or task. The consumer will be notified that a Activity = Management Service. IBM’s  Service
matching service is now available, given his task at hand.Management Framework (OSGi container suitable for
This activity or job description may contain a number of PDAs) has not been tested in our framework.
contextual constraints and requirements. An example

filter: (s (& (availabilityStart<=08:00AM) 5.1.1. OSGi-based servicesTo get an idea of OSGi-
(availabilityEnd>=05:00EM)) (& (postalCode=10 based services & dependencies, and expected size of the
40) (physicalMeeting=yes))). The string encodes framework, we provide a list of all required bundles in

the required availability time frame of the service Table 1.
provider, a constraint on the location area (neighborhood We have developed an Activity Management Service
as a district), and the ability to arrange physical meetings. and an Activity Store (i.e., the database) both packaged in
In addition to these two interactions, it is likely that one bundle, listed in Table 1 (1). Nevertheless, AM
services are being developed and made available in fornservice and Activity Store (AS) can be installed on
of archives (e.g., jar archevin Java), possibly including separate devices. For example, the AS can be installed on
activity descriptions. Thes services can then be a super-peer node in a network equipped with large
downloaded and installed on the service provider’s clientstorage and multiple AM services that interact with a
device and be published along with other services. Thisdedicated AS. We have implemented two versions of the
idea is well aligned with the vision of OSGi, where Java store, a non-persistent store and persistent store. The non-
containers may run on embedded devices and modulapersistent store keeps activity-entries, profiles, etc. in the
services (OSGi bundles) thatteract with each other memory, whereas the persistent store utilizes an

through defined interfaces. embedded SQL database based on HSQLDB, listed in
Table 1 (2), to save all activity related information in the
5. Design and implementation file system. All required dependencies are listed at the

bottom of Table 1 (6-9), wibh are needed for Apache

Our current framework is designed to run on mobile Axis as well as kSOAP (details are given in Table 2).
computers (Windows XP laptops), mobile devices
(PocketPC and Symbian platform), and embedded Linux5.1.2. WS-toolkits. In our framework we have used
platforms. The prototype is mainly implemented using toolkits already available in KF's bundle repository —
Java (e.g., the Activity Management) and .NET for a Apache Axis and kSOAP. Both are packaged as OSGi
simple location enhanced activity explorer application. bundles and can be deployed in KF or Concierge.
OSGi was our choice for a pasive service architecture. However, kKSOAP has limited features in terms of Web

Mobile devices are becoming increasingly powerful, Services support, for example WSDL support, and
not only in terms of hardware capabilities, but also performance issues when processing SOAP messages [1].
supporting rich Java APIs. Devices such as the Symbian

2007 IEEE International Conference on Web Services (ICWS 2007)
0-7695-2924-0/07 $25.00 © 2007



Table 1. Basic OSGi bundles and services network neighborhood) for mobile devices equipped with

Bundle name Size Bluetooth and WLAN interfaces tegister their services.
(1) activitymgmt.jar 29kb

(2) hsgldb.jar (persistent store) 629kb 7

(3) axis-osgi_all-0.1.0.jar 1,328kb (58

(4) ksoap-osgi_all-2.0.0.jar 139kb Y

(5) jslp-0sgi-0.7.0.jar 62kb

Dependencies
(6) commons-logging_all-2.0.0.jar (35kb), (7) cm_all-
2.0.0.jar (62kb), (8) jsdk-2.2.jar (34kb), (9) http_all-
2.0.0.jar (90kb)

@

Figure 3. Gumstix embedded Linux platform

Particularly on PocketPCs, we have only a subset of
the J2SE APIs available as Java on mobile devices is Note, Gumstix boards can be configured to act as
supported through the J2ME platform (Java 2 Platform WLAN access points or Bluebth PAN (Personal Area
Micro Edition). The J2ME specifications define the Network) servers to enable IP connectivity for situated
Connected Device Configuration (CDC), which is a Laptops, PocketPCs, or SmartPhones and could thereby
subset of J2SE, and the Connected Limited Devicefunction as gateways to the Internet. A summary of the
Configuration (CLDC). In contrast to CDC, CLDC (tested) configuration of our testbed is given in Table 2
provides libraries such as the Connection Framework(K is abbreviated for the KF container and C for
suitable for devices with a small memory footprint but not Concierge):
part of J2SE. IBM's J9 is a widely used JVM that

supports both specifications, CLDC and CDC. We use J9 Table 2. Configuration of testbed
for our PocketPC based WS-provider implementation. Tp Role Platform K/IC | Dep.
our knowledge Apache Axis, listed in Table 1 (3), cannot Service | Laptop (WinXP) of/- (3,5,6,7,8,9)
be run on J9 due to a number of missing dependencie®rovider| PocketPC o/ (4,5,8,9)
that are not supported by CDC. For that reason we us€basic (Windows Mobile)
kSOAP, Table 1 (4) to provide Web Services on bundle$ | Smartphone -fo (4,5,8,9)
PocketPC-like devices. (Symbian v.9.1)

Aside from the dependencies, the Apache Axis OSGi Activity | Laptop (WinXP) -[e (1,2,3,5,6,7,8,9)
bundle has a rather large footprint in its current Mgmt./ | Gumstix -Je (1,3,5,6,7,8,9)
configuration, thus not being the best choice for mobil¢ Registry | (Linux v.2.6)

devices. Note that Apache Axis includes WS-client and
WSDL generation features, which can be removed to Note that, for the mobile service provider only the
reduce the bundle footprint. basic OSGi bundles including dependencies, as defined in
Table 1, are listed. The actual collaboration services, GPS
Moreover, we are experimenting with embedded position provider, etc. are not listed as they depend on the
Linux platforms such as Gumstix [8] to host OSGi specific collaboration use case.
services (Figure 3). It is well possible to install a JVM
(e.g., JamVM — an open-source Java virtual machine fors 1.3. Service discoveryThe service location protocol
Linux) on such boards. The board shown in Figure 3 (SLP) can operate in ad-hoc as well as infrastructure
features a 400 MHz (Intel XScale PXA255) CPU, 16 MB mode. If a large number of nodes reside in a particular
flash memory, onboard Bluetooth wireless connectivity, network segment or neighborhood, a directory agent
and can be extended by connecting a Wifi expansion(DA) can be deployed which results in multicast
board. Boards can be flashed with a full Linux (being suppression behavior. When a directory agent detects a
shipped with pre-flashed Linux v.2.6). We deployed the probe or resolution request sent by multicast, the DA
Activity Management Service along with the Activity sends an announcement (DA advertisement) for itself. By
Store on this platform using the Concierge OSGi |istening for these announcements, clients detect directory
container including the Apache Axis and kSOAP bundle, aggents and switch to the DA-specific protocol. If a DA is
listed in Table 1, (3) and (4) respectively, as means tounresponsive, clients revert back to use the multicast
provide embedded Web Services. We envision a casgrotocol.
where Activity Management Services and Service  For our purposes we can utilize SLP in different
Registries are deployed on a number of such embeddeghodes to discover services. First of all, a Service Lookup
platforms to provide a local point of attachment (i.e., component could act as an SLP UA (User Agent) that

2007 IEEE International Conference on Web Services (ICWS 2007)
0-7695-2924-0/07 $25.00 © 2007



scans the network for matching services by means ofidentifier. Methods 4 and 5 can be used to retrieve
multicast requests. Secondly, the Activity Managementactivity entries by specifying a search filter, either as
acts as a SLP SA (Service Agent) announcing the AMRFC1960 compliant string (method 5) or by passing a
service that can be discovered by mobile devices (i.e.BasicFilter as argument to method 4 (the BasicFilter is a
mobile service provider). Thirdly, the Service Registry complex XML data type as opposed to the string
implements a DA registering all via SLP announced representation). Finally, method 6 allows the removal of
services. an activity entry.

In our prototype implementation we focused on the  Alternatively, as mentioned before, the Service
second and the third option. An SLP service URL Registry can be operated in SLP DA mode. It would then
basically consists of three elements, the URL schemarespond to multicast probew requests by responding
“service:”, the service type, and the service addresswith DA advertisements. For that purpose we have used

specification [11]. The syntaxservice: URL = and extended an open-source Java-based SLP API (jSLP,
"service:" service-type ":" site url-path. [6]) that currently supports SLP UA and SA mode.
We defined the AM service with following service-url:  Service provider could for example register a “Document
service: activityMgmt: Review” activity by specifying”’documentReview” as
http://dan.tuwien.ac.at/activitymgmt. The the abstract SLP service-typthe url-path defining the

part “activityMgmt” denotes an abstract service type service endpoint, and additial properties such as:
(class of service types). In addition, services may have an 1. activityName = WS-articles-review
unlimited number of name/value pairs, called attributes 2. activityDescription = Expertise in gSOAP TK

(attr-id "=" attr-value). An example for the 3. userld sjohn.doe@domain.com
Activity Management’s attributes:
1. persistent = true (i.e., collocated with AS) The Service Registry updates the Activity Store upon
2. addressLine = Argentinierstrasse 8 receiving service gistrations (i.e.activity mappings).
3. city = Vienna
4. postalCode = 1040 5.2. Service provider client

The first line denotes whether registrations are saved
persistently or not. Lines 2-4 denote the store’s address We have extended Knopflerfish’'s AWT Desktop
that can then be retrieved from devices to determine theitbundle (small footprint of 75kb suitable for mobile
approximate  semantic  location  (neighborhood). devices) allowing the (mobile) user to manage his
“Semantic location” refers to the location information personal services. A “GPSproducer” bundle is used to
which can be interpreted by humans (e.g., street, city) a®btain GPS traces from an texal Bluetooth enabled
opposed to low level sensor information (e.g., GPS GPS receiver via the BluetdoSerial Port Profile. GPS

coordinates). position information can then be consumed by other local
bundles. If a service provider reveals his physical location
Listing 3. Activity management interface by allowing GPS coordinates to be requested from the

(1) public Address getStoreAddress()
(2) public boolean
registerProfile (UserProfile profile)

provider's Web Service, the map (MapPoint service) can
be refreshed periodically to visualize the location

(3) public String information in. real-time (Figure 1 7). AIternaFiver, if thg
putActivityEntry (ActivityEntry entry) service provider does not disclose detailed location
(4) public ActivityEntry[] information, still a location estimate can be given at a
gig?g;iﬁgz?tmes (BasicFilter[] higher level of granularity by returning the address of the
(5) public ActivityEntry[] Activ_ity Management Servic8Ervice Registry where the
getActivityEntries (String rfcFilter) provider is registered.
(6) public boolean
removeActivityEntry (String authKey) 6. Related work

The actual registration of services (e.g., activity- The background of our activity-centered perspective

serwcg mappings) 'S. then ma}de by |nvok|n.g WS- on human collaboration is situated in the CWE domain,
operations on the service. The simple interface is shown

e L motivated by aspects of Acity Theory. Dustdar presents
in L|§t|ng 3. Method 1lin L!stlng 3 allows ?onsumers and an activity-based management system for globally
service providers to retrieve the store’s address, for . ;

. L ! operating teams for process-aware collaboration and
example for visualization on a map. Method 2 provides S , :
the ability to reaister public available user-profiles coordination [3]. Christensen and Bardram hypothesize
) pility 9 publig P that computer systems must handle human work activities
including addresses. An activity entry can be added by

) . . ; as first class objects [9]They introduce an Activity
invoking method 3, which returns a globally unique Management Subsystem capable of supporting mobile
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users in ad-hoc collaboration, specifically targeting the device capabilities, we are investigating algorithms such
healthcare domain. In contrast to our work, they do notas Logic Scoring of Preferea (LSP) to rank services and
employ a service-orientedcitecture. Bardram discusses to select the most suitable service.

an Activity-based Service Discovery approach based on The issue of mobile WS-providers implemented for
Jini and UPnP [10], however, not considering mobility Java ME, however, remains challenging. WS APIs such
aspects. An important asgt of CWEs are workflow as the JSR-172 only support the WS-consumer model,
management systems (WfMS) and the WS-BPEL while kSOAP lacks the support of RPC proxies/stubs
specification. In the context of mobile computing, (serialization/deserialization of SOAP objects). The EU-
Hackmann et al. introduce a BPEL-workflow process IST project Amigo (Ambient intelligence for the
execution engine for mobile devices [7] and similar to our networked home environment) addresses this problem by
work, utilize the kSOAP package to implement a SOAP extending kSOAP’s features (e.g., stub binding).

server on embedded devices. In our framework we aim at

supporting ad-hoc collaboration, as opposed to ratherg, Acknowledgements

static business processéke BPEL workflows. Note,

however, that mining of such ad-hoc interactions could  part of this work was supported by the EU STREP
reveal patterns which may serve as an input for workflow project inContext (FP6-034718).

modeling. Rellermeyer and Alonso present R-OSGi [6], a

project with the goal of providing a seamless and 9. References
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Since two or more services of the same type may be

provided by different HpS, potentially having different

7. Conclusion
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