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Abstract

Semantic VWeb services (SWSs) extend current WWeb ser-
vices standardsto help facilitate their usages. While current
SWS approaches have shown some early promising results,
they have focused on somewhat unrealistic use-cases that
make various problematic assumptions and focus on some-
what farfetched usage scenarios. In this paper we present a
category of use case scenariosfor SWSsthat centersaround
keeping human users in the automation process while facil-
itating their activities. We demonstrate our approach with
a simplified scenario and highlight some of the details of
our architecture and implementation. Finally, we also dis-
cuss how our approach could be extended and applied in
other domains; namely, the domain of asset-based business
approach to creating I T computing infrastructure.

1. Introduction

Semantic Web services (SWSs) [17] efforts have focused
primarily in trying to automate or semi-automate design and
runtime tasks performed by service consumers, e.g., ser-
vice discovery, service composition, and so on. These ap-
proaches assumed that various services are available and
annotated with agreed and common ontologies. The seman-
tic annotations form the basis for programming the automa-
tion. Naturally, the heterogeneity of the Web and resulting
services make this assumption somewhat problematic. Inin
some ways one could argue that the Web's success is di-
rectly related to the low barrier of entry to publishing on the
Web which is also the cause of its heterogeneity. As a re-
sult SWSs technologies have not yet seen widespread de-
ployment in the large or even in enterprise settings.

Furthermore, some of primary use case scenariosfor the
current SWSs assume that a common ontology is used to
represent the needs of service consumers, which can be
used to match-make other available SWSs. Additionally, if
no available services are found that can meet the needs of

the user, matchmaking mediators can determine if a com-
posed service can be dynamically established by creating a
sequence of calls from the available services[23].

We overcome parts of both assumptions of the current
SW s use cases by focusing our approach on adifferent cat-
egory of use cases. Instead of automating the design time
and runtime tasks of human users of SWSs we focus in-
stead in using SWSs to facilitate and augment human activ-
ities [ 7] while keeping the human agents in the automation
process. Thisresultsin use cases, we believe, that are closer
to widespread adoption, achieves real value, and does not
necessitate many readily available and annotated services.

IBM’s unified-activity management (UAM) [18, 19]
computing environment incorporates the loose and mal-
leable characteristics of human activities by representing
activities as first-class OWL [16] instances that are inter-
connected using a semantic network of relationships repre-
senting the context and evolution of the activities. One of
the thesis of activity-based systemsis that they tend to bet-
ter reflect actual human work than rigid workflow-based
approaches. We implement an activity-based system that in-
cludes an upper ontology for activities. The upper ontology
defines the basic concepts and relationships for all activi-
ties. Thisincludes the concept of Activity which associates
with other Activities, includes Artifacts, and involves Ac-
tors. Domain-specific lower ontologies extend our upper
ontology to represent the intricacies that activities typi-
cally havein the domain.

For example, an employee appraisal activity lower ontol-
ogy would contain the concepts of Achievement, Goal, Re-
sult, Impact, ApproverActor and so on; as well as specific
relationships such as quaterlyGoal to represent the goals of
an EmployeeActor for the appraisal time span. An employee
appraisal activity-based application would allow the human
actors to create instances of the domain concepts and inter-
relate them using the various defined relationships as well
asthe variouswork activities that the empl oyee participates
in and how the results hel ped her achieve her goals.

In this paper we investigate the use of SWSswith our ac-



tivity environment. Our primary contributionsare in explor-
ing the use of SWSsinto a new class of use cases that con-
sider keeping humansin the automation loop. A secondary
contribution is in showing the advantages and possible us-
ages of our activity environment’s semanticsin the growing
world of semantically rich Web-based services on the inter-
net and on the intranet. A final contribution is in creating
new classes of SWSs applications resulting in newer incen-
tives for Web service providersto add domain semantics to
their services.

1.1. Organization

The remainder of this paper is organized as fol-
lows. Section 2 illustrates and motivates the usage of SWSs
in human-based activity computing environment. Sec-
tion 3 givesageneral overview of our framework. Section 4
presents the details of our demonstration for a simpli-
fied domain of activities. Section 5 compares and con-
trasts related literature on semantic Web services and
activity-based computing, with ours. Finally, Section 6 dis-
cusses how our approach can be applied to aricher domain
and draws some key directions for future work.

2. Motivations

We further motivate our SWS approach to activity-based
computing by briefly considering the general motiva
tions for SWS and by discussing the details of a sce-
nario example—which also constitutes a primary use case
for our example implementation demonstration in Sec-
tion 4.

2.1. Semantic Web Services M otivated

The Web services standards give a common XML inter-
face and protocol for accessing and invoking services. Ser-
vices are business functions exposed for remote consump-
tion by Web agents (human or software). While the current
set of standards enableinteroperation and access to services,
their current descriptions lack semantic contents to enable
easi er automated discovery, selection, and composition. The
OWL-Services (OWL-S) [21, 10] proposed service ontol-
ogy try to overlay semantic descriptions on top of the stan-
dard Web servicesin order to enable some of the aforemen-
tioned service usages.

Using OWL-S described services or semantic ser-
vices, software agents can be programmed to automatically
discover services matching a consumer’s service needs.
The agents matchmake the consumer’s needs with avail-
able semantic services (described using the OWL-S Profile
sub-ontology). The matchmaking process enables auto-
mated discovery of a service's capabilities. Further, the
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Figure 1. Reading group activity scenario
overview; including the reading group activ-
ity widget application, the widget’s discovery
window, the activity datastore, and an exam-
ple Book SWS.

agent could also automatically compose primitive ser-
vices to create a hew composed service that match the
consumer’s needs by using the OWL-S Process ontol-
ogy for the primitive services. Sycara et a. [23] describe
initial works and results for OWL-S-based SWS.

2.2. Scenario; Use Case

In order to demonstrate the use of SWSs into our activ-
ity environment, we selected the ssmple scenario of knowl-
edge workers (or students) sharing common reading activi-
ties, e.g., alist of items to read. The point of sharing such
activities is to not only have al actors involved in the ac-
tivity read the items in the list but importantly to share in-
formation and maybe uncover insight that otherwise they
would not have individually.

Our activity environment can be easily tailored to pro-
vide the facilities needed to manage reading group activi-
ties. However, since much of the work in a reading group
activity, besides the actual readings, will encompass using
the Web and making use of available servicesand sites, such
as the Amazon.com Web site, Google searches, and others,
we would like to enable semi-automated discovery and in-
tegration of these types of services using the semantics of
our activities.

Figure 1 shows the various components of our scenario



including a wireframe version of the interface for an end-
user activity-based reading activity application widget and
its discovery window.

Briefly, our activity-based application uses a lower on-
tology for reading group activities. This ontol ogy, described
in[12], extendsthe activity upper ontol ogy and uses a Read-
ing Document ontology. This ontology includes concepts
such as Book, BookSection, Article, WebArticle, and so on.
We expose OWL-S semantic services that are annotated
with our Reading Group Activity and Reading Document
ontologies to alow the creation, modification, and query
for the various objects and relationships involved in read-
ing group activities. For example, we have services to find
aBook artifact in areading activity.

We create a simplewidget activity-based application that
gives an interface for the human actors involved in reading
group activities. By creating a ssimplified semantic version
of Amazon.com ECommerce Services (Amazon ECS) [1]
(which proxiesthe real Amazon ECS) that we annotate us-
ing the Reading Document ontology we can automatically
discover available cover art pictures and list pricesfor book
reading items as well as Amazon’s community informa-
tion on the books, e.g., ratings and comments on books.
These reading item attributes are discovered by matching
the semantics of the activity SWS and the simplified Ama-
zon ECS SWS and can be automatically added, after human
user selection, to the activity-based applications.

3. Framework

We now give a complete overview of our activity-based
framework and how we expose a services API to alow the
creation of activity-centric applications. We also show in
more details how the services are annotated with semantics.

3.1. Architecture

Our activity environment comprises a RDF datastore
which keeps OWL instances for all activities, artifacts, ac-
tors, and their relationships according to the activity upper
and domain specific ontologies [12]. To expose a services
API for our activities that maintains the domain-specific se-
mantics, we created an activity operator ontology which al-
lows the definition and generation of Web services repre-
senting the operations to create, add, modify, and find aci-
tivity objects.

The services parameters are typed using the domain-
specific activity ontology. We maintain the semantics of the
domain by creating OWL-S Profile and partial Process de-
scriptions for the generated services that are annotated with
the domain ontol ogy and the domain-specific activity ontol-
ogy. Figure 2 gives an overview of our architecture.
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Figure 2. Architecture overview. The activity
datastore contains OWL instances according
to the activity upper ontology and the domain
ontologies. The activity operator ontology al-
lows the definition of activity SWS for the do-
main; each generated service is augmented
with OWL-S descriptions.

As an example, for our Reading Group Activity ontol-
ogy we expose SWS with operations to createReadingAc-
tity(), addBookReadingltem(), modifyReadingltem() pass-
ing attributes such as author, description, and so on, accord-
ing to the Reading Document and Reading Group Activity
ontologies.

3.2. Exposing and Consuming SWS

With the activity operations exposed as semantic ser-
vices, alowing the creation of activity-based applications
that maintain the activities' semantics; we would next want
to use the semantics to enrich these applications with ser-
vices available on the Web. Specifically we want to ease the
burden of discovery and integration by making use of the
activity semantics. To that aim we exposed the services us-
ing the OWL-S ontologies.

For each generated activity SWS, we create an OWL-
S Service instance (or individual) containing a Profile in-
stance, an AtomicProcess instance for each method in the
generated SWS, and a Grounding instance. The Profile in-
stance contains information to advertise the service, such
as, the contact information and its text description. The Pro-
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Figure 3. Screen shot of properties discov-
ered from Amazon ECS SWS.

cess instances describe the details on how to use each op-
eration of the service. The Grounding instance pointsto the
WSDL file for the service which describes the details on
how to bind, format, and send SOAP messages to the ser-
vice.

To understand how the semantics of the activity ontolo-
gies are annotated to the generated servicesit's useful to un-
derstand the details of how the Profile advertisements and
the Process instances are created. For each method sup-
ported by the service, there is one, or two, messages asso-
ciated with the service’'s WSDL: a request and potentialy
a response message. OWL-S annotation consists of creat-
ing a Process instance for each message and associating pa-
rameter descriptions to each. The parameters are instances
of Input, Output, Precondition, and ResultVar [11]. Unlike
their WSDL counterparts the parametersin OWL-S are de-
scribed using the appropriate OWL classes from the ontol o-
gieswherethe conceptsare defined. Section 4.1.1illustrates
in more details how services are annotated with the seman-
tics defined in OWL-S.

4. Demonstration

We now demonstrate our implementation of the scenario
discussed in Section 2.2. Figures 3 and 4, show screen shots
of the running application.

The first figure shows the discovered properties which
can be selected by the user. Figure 4 show the running
reading activity application focusing on a Business Read-
ing activity which contains four reading artifacts, each with
abook reading item for an actor named Max. Note that each
reading artifact contains the discovered and selected prop-
erties of book cover art and list price.
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Figure 4. Screen shot of reading group ac-
tivity widget showing discovered properties
from the Amazon ECS SWS—a proxy SWS to
the real Amazon ECS Web service. The im-
ages and price list for each book reading item
are discovered dynamically from the Amazon
ECS SWS.

4.1. Dynamic Discovery and I ntegration

To discover and integrate properties from services into
our domain-specific activity-based application, we needed
to have available services in that domain. Since there is a
lack of SWS currently publicly available, we took the ap-
proach of overlaying an existing Web servicethat dealswith
reading documents with our semantics. The Amazon ECS
isan obvious choice, sinceit allows access to the properties
from the book department of Amazon’s Web site along with
the variousinformation gathered from the Amazon commu-
nity of buyersand sellers.

4.1.1. Simplified Amazon SWS We created simplified
versions of the Amazon ECS specifically exposing capabil-
ities related to our reading document ontology.

Figure 5 shows parts of our simplified SWS overlayed
with a partial OWL-S description. We only show a subset of
the Profile and portions of the Process description for one of
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Figure 5. Simplified BookService with partial
OWL-S annotation. Heavy dashed gray lines
show which part of the service the semantic
annotation refers to.

the service’'s methods. The remaining methods would also
be described likewise, i.e., with appropriate Input and Out-
put semantics pointing to the correct concepts and ontolo-
gies. In addition aGrounding instanceis a so attached to the
Serviceinstance to point to the WSDL for the service.

4.1.2. Semantic Discovery of Properties Similar to the
simplified Amazon SWS, the generated activity SWS are
overlaid with the appropriate OWL-S descriptions. For in-
stance, we depl oy aserviceto query and retrieve the Readin-
gActivity and ReadingArtifact instances, and these have
OWL-S descriptions annotated with the Reading Group Ac-
tivity lower ontology and the Reading Document ontology.

For each service, we create an extended version of a ser-
vice agent [14] that proxies the service. In a nutschell our
service agents are software components with methods re-
flecting the servicesthey proxy with additional methodsand
with their own thread of control. These agents are config-
ured to parse the various parts of the OWL-S description for
the SWS. In addition, we added capabilities to these agents
to help in the dynamic discovery of new properties to en-
hance the reading group widget.

The discovery process is realized by matchmaking the
description of the SWS that the agents' proxy with the se-
mantics from other SWS. Each agent runs a matchmaking
algorithm that is similar to [23]. The algorithm looks for
Process descriptions from SWS for which the Input seman-
tically matched the Output from the activity SWS.

w

4.2. SWSMatching Algorithm

Our matching algorith is sketched in Listings 1 and 2.
The agorithms are sketched in Python using a framework
which we use to parse the available SWS and ontologies
and allows us to operate on various semantics annotations
directly asfirst class objects.

Listing 1 showsthetop level of our algorithm. Itiscalled
prior to showing the list of discovered properties (Figure 3)
to the user. Line 2 assumesthat the set of SWS for our read-
ing group activitiesdomain areavailable. Line 3isthelist of
SWS that we need to potentially match with. The for loop
at line 4 iterates over each potential matching service and
looks to see if it is in the same domain as our application
(from variable self.domainOnto). We then look for match-
ing properties that are obtained from matching the the out-
puts of the dServices.

Listing 1: Matching agorithm. Matches the reading group
activity SWS with discovered SWS in the same domain.

#...
dServices = ... # list of domain services
services = ... # get from registry of SAS (

currently fixed)
for s in services:
if s.owls.profile.sParameter .uri ==
domainOnto:
props = self.matchProperties( s,
dServices )
self .displayProps( props ) # displays
DiscoveredProp

self .

#.

Listing 2 shows the details of our matching property al-
gorithm. It consists of three procedures:

matchProperties. Iterates over al domain services and
looks for matching properties.

findM atchingProperties. For each atomicProcess in the
service s we try to match its inputs with the outputs
of the domain service. Note that the output are decom-
posed to reduce them to individual elements of the on-
tology (where possible) in order to increase the likely-
hood of a match. Line 23 iterates over each ouput and
looks for a potential match with one of the input (call-
ing the matchlnsOut function of line 32). If one exists
the list of input is reduced in line 25 and collected in
line 26. If al inputs are matched then a property is dis-
covered and thus created and added to the map that will
be returned.

matchlnsOut. The matching of inputs and output occurs
by iterating over al inputs and seeing if the output
class is the same or is subsubmed by the input class
(line 34).
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Listing 2: Properties matching algorithm. Matches proper-
ties that can be generated by using the outputs from one
SWS to the inputs of another.

# @return a map of matches properties for
discovered services
def matchProperties( self ,
props = {}
for s in dServices:
self.findMatchingProperties( service, s,
props )
return props

service, dServices ):

# @return a map of discovered properties object
def findMatchingProperties( self,
dService, props ):
for atomicProcess in service.atomicProcesses:

service ,

matched = 0
inputs = atomicProcess.inputs
params = []
for output in dService.profile.outputs: #
decomposed output
if self.matchlnsOut( inputs,
inputs.remove( output )
params. append( output )
if len( inputs ) == O:
dProp = DiscoveredProp(atomicProcess
, params, dService)
props[ atomicProcess.name ] = dProp

output ):

# @return true (1) if there is one input matching
the output

def matchlnsOut( self, ins,
for i in ins:

out ):

if out.class == i.class or i.class.subsumes
( out.class ):
return 1
return O

5. Related Work

We divide the works related to oursinto two categories:
semantic Web services and activity-based computing. For
each category, we compare and contrast rel evant and recent
worksthat are closest to ours.

5.1. Semantic Web Services

Adding semantics to Web services has received a lot of
attention in the Semantic Web, Web services, and multi-
agent systems (MAS) communities. Initial works from the
DAML-S (now OWL-S) codlition laid the groundwork for

most of the current SWSideas [3, 17]. As previously men-
tioned, our matchmaking algorithm is based on the ago-
rithm by Sycara et al. [23]. However, our purpose is not to
create a composed service but rather to discover new prop-
erties that we allow the user to select and enhance the wid-
get application.

Akkirgju et al. [2] propose a lightweight approach to
adding semantics to Web services called WSDL-S. In their
approach, the semantics of the service's operations are di-
rectly added to the WSDL file. This facilitates the deploy-
ment as well as usage. Since we do not use the full fea-
tures of the OWL-S Process sub-ontology, we believe that
WSDL-S may be a promising simplification for our appli-
cation and purposes.

The Web Services Modelling Ontology (WSMO) [24]
provides a comprehensive framework for SWS and takes a
mediation approach for dataand process by elicitating goals
from the users of their environment. Two key differences
with ours are that: (1) we focus on human-based activities
and (2) we do not require our agentsto explicatetheir goals.

Recent work by Sheshagiri et a. [22] describe using
SWS to support mobile-based applications. They take an
agent approach, to discover and integrate avail able services
in the mobile environments. However, unlike our work, they
do not try to facilitate any types of activities and currently
constrained themselves to mobile contexts and devices.

Our service agents continue our own previous work in
overlaying services with agents that are programmed to au-
tomate some aspects of the service consumption[13, 14]. In
particular, the service agentsfacilitate the parsing of the ser-
vice's OWL-S semantics and helping the discovery of new
properties.

5.2. Activity-Based Computing

Our current work on adding SWS to activity-based com-
puting extend previous works on activity described in [18]
and [19]. Muller et al. [20] describe an activity explorer ap-
plication which is aso part of IBM’s UAM initiative and
has influenced our work.

Initial work on activity-based computing by Kreifelts
et al. [9] represent activity-based computing as distributed
shared tasks. IBM’s UAM supports the distributed shared
tasks concepts but additionally adds semantics to the activ-
ities which in return enables the type of dynamic discovery
processes described in this paper.

Kaptelinin, Bardam, and Dragunov et a. [8, 5, 6] are
other activity-based systems. They capture low-level user
events and try to recognized them as clustering into higher-
level activities. They differ from our efforts in that we al-
low activities to be created from simpler events as they do
but also directly at the higher level notion of human activi-



ties. This flexibility is mainly due to the semantic represen-
tation of activities using OWL and RDF.

Finally, none of the activity-based systems that we have
reviewed looked into merging the worlds of activities with
SWSs. Since the semantics of our activities use the same
language as the Semantic Web and the effortsin SWS, we
are able to use the same ontol ogies which may result in eas-
ier dynamic integration.

6. Discussion

Our environment is acomprehensive system that enables
activity-based computing. Essentially, our environmentis a
semantic datastore of interrelated activity instancesthat rep-
resent the loose and dynamic structures of real-life activi-
ties. To enablethe creation of avariety of activity-based ap-
plications, especially applications that are specific to a do-
main, we expose an extensible ontology and a remote API
that maintains the semantics of the activities.

The activity ontology is designed to be extended with
domain-specific ontologies (or lower ontologies) that en-
compass the concepts and relationships in the domain. In
this paper we presented how a simple domain-specific lower
ontology can be added and used.

To enable the creation of external applications, we ex-
posed a Web services API that maintains the semantics
of the activities involved. The exposed APl is customiz-
able in order to account for the domain-specific concepts.
We achieve this by defining an ontology for the exposed
SWS. In addition, using the lower ontology, we generate
OWL-S annotations for each of the SWS with the appropri-
ate grounding information pointing to the generated activity
Web services WSDLs[11].

To show the value of the activity semantics and main-
taining the semantics in the exposed services, we created a
simple domain-specific application. Our domain is reading
group activities and our application alows a group of hu-
man actors to view, share, and manage their reading activ-
ities. Using the exposed semantics in the activity SWS we
were able to discover and integrate new information about
the reading artifacts from external services that use a com-
mon ontology as our Reading Group Activity lower ontol-

ogy.
6.1. Asset-Based Business Activities

Although our demonstration used a simple domain and
asimple activity application, it can be extended for a more
complex domain that involves many activities with differ-
ent actors and various artifacts. One such example is the
domain of asset-based I T businesses.

Current IT service businesses are going through a
paradigm shift. They are transitioning from a human-

intensive business to an asset-based business [4]. In this
new business environment assets (e.g., computer soft-
ware and hardware, software byproducts, software li-
braries, and so on) constitute an important aspect of the
capital value of the business. Therefore, managing, shar-
ing, using, and reusing assets become important day-to-day
activities for service engineers. We posit that such activ-
ities can benefit from our activity environment and the
activity SWS.

Similar to the Reading Document ontol ogy we can imag-
ine the creation of an Asset ontology defining the concepts
within the domain and their relationships. For example, the
notion of an Asset would be specialized with subclasses
such as HardwareAsset, SoftwareAsset, and DocumentAs-
set. Every asset would have relationships such as authors,
lastUsed, usageHistory, ratings, relatedTo, and requires.
These relationships could then be further extended and ad-
ditional relationshipscreated for the specialized asset types.

Assuming the IT services business would keep a data-
store of the various assets it owns, we could then create
a domain-specific activity ontology for asset activities and
build applications for adding, searching, and sharing asset-
related activities. Similar to the reading activity scenario,
an equivalent scenario for using the assets would be to dis-
cover, within the intranet and Internet, asset-related ser-
vices.

For instance, let’'s assume that within the organization,
groups of service engineersthat create and use software as-
sets, also collaborate to share their opinions on these assets.
The opinions would include comments but also links to re-
lated assets, inside and outside the organization. For exam-
ple, links to open-source projects and online documenta-
tions, Web articles, and code snippets that show how the
software asset can be further reused and applied. Building
the applications and exposing services as we have demon-
strate in Section 4 would enable their dynamic discovery
and integration as part of activity-based applications.

Toillustrate this point, let’s assumethat siteslike Source-
Forge.net and Oreilly.com, would respectively expose their
software assets and software documentations and discus-
sion assets annotated with the common Asset ontology.
Then by exposing their functions as SWS, our activity-
based applications would be able to discover and integrate
the new functionalities and knowledge dynamically and en-
rich the capabilities and experiences of service engineers.
Thisin turn would potentially lead to more effective usages
and sharing of assets and therefore add value to the busi-
Ness.

6.2. FutureWork

Supporting new domains such as the asset-based busi-
ness discussed in Section 6.1 would allow us to validate our



SWS environment and also allow opportunities for the cre-
ation of other rich activity-based applications in different
contexts; which indirectly would hel p usfurther validate our
activity-based environment.

Another interesting direction, that hel psaddressthe chal-
lenges of requiring a common ontology, is to take advan-
tage of the social networking aspects of our activity envi-
ronment. Since users of particular activity-based applica-
tions participate in the same domain, we could program our
applicationsto allow these human agents to annotate (using
the avail able semantics and using freeform tags) the SWSs
or other artifacts of the activities. Thiswould allow usto po-
tentialy create a folksonomy [15] for the different domains
which can then be refined and used to annotate services and
our activities.

Finally, an important direction for future work is in the
discovery and integration of SWS. Currently the number of
publicly available Web services that are annotated with se-
mantics is small. An incentive for businesses to spend the
time moving to a Service-Oriented Architecture and then
adding semantics to their services would be to show the
gains of such efforts, e.g., dynamic discovery, integration,
and selection of these services by using the semantics. Ad-
ditional resultsin thisline of research that relate to the busi-
ness values gained would go a long way to encourage the
creation of SWS and applications, thereby furthering the vi-
sion of the Semantic Web.
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