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Abstract sitions, a framework is required that offers the requirexi-fle

Mashup platforms and end-user centric composition tools 'Pllity and simplicity for the end-user. In particular, wegp
have become increasingly popular. Most tools provide Web POS€ the seamless integration of HPS into service mashups.

interfaces and visual programming languages to create com N this context, we refer to these human augmented service

positions. Much of the previous work has not considered mashups asocially oriented mashup&SOM) because of

compositions comprising human provided services (HPS) Phenomena like (sub-)task delegation to other humans dur-
and software-based services (SBS). We introduce a novelnd the execution of the mashup. Furthermore, if we con-
HPS aware service mashup model which we call socially Sider humans as part of service mashups, we add automat-

oriented mashups (SOM). The inclusion of HPS in service ically reasoning capabilities to the mashup. Thus, we make

mashups raises many challenges such as a QoS model that sc_ervice mashup flexible and_ ad:_:tptive to unpredictable sit-
must account for human aspects and the need for flexible ex-Uations, where human expertise is needed to adapt to new
ecution of mashups. We propose human quality attributes, S'tUations.

for example delegation, and a context model capturing var- ,—deme

ious information including location and time. The QoS and o
context model is used at design-time and for runtime adap- mode

tation of mashups. In this paper, we show how to model links to
context-aware SOMs that include HPS and SBS and demon- defines

strate the first results of our working prototype.
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1. Introduction P e
The role of humans in service compositions and workflows G—Q senvice with wed!interface ps...human provided service
has gained tremendous attention. With the proliferation of senvoe... software senice

. . ——— consists of B—— P 1inrelation
Web service mashups [21], human aspects became important —
for designers and the end-users as well. The ability of non | T comemtinstance | J cosinsince
experts to create mashup applications for their persoral us
is considered to increase the productivity of employees. Figure 1. Conceptual Architecture of SOM

Currently there is little support for the exploitation of
these dynamic aspects in workflows, where humans are in- _ N -
tegrated into service mashups. In order to tap resources for However, with the additional flexibility we also face a set

the creation of flexible and human oriented service compo- Of challenges which we address in our work. In particular,
we address these challenges with a service mashup model

which includes hooks fazontext informatiorand human re-
lated QoS attributes that can be exploited during the execu-

Permission to make digital or hard copies of all or part of thork for personal or i i
classroom use is granted without fee provided that copeesatr made or distributed tion of the_ mashup (See Flgure 1)' Lo
for profit or commercial advantage and that copies bear itismand the full citation In the first step, we createraashup modetonsisting of

on the first page. To copy otherwise, to republish, to posteswess or to redistribute HPS and traditional SBS using a Iightweig ht composition
to lists, requires prior specific permission and/or a fee. . . .

language. The focus of this step lies on the functional fart o
Copyright@© ACM [to be supplied].... $10.00 the composition. Since HPS offer the same interface as tradi



query: find HPS that can replace SBS
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Figure 2. Context Model for Social based Mashup Applications

tional SBS, we do not require additional considerations con to create social service compositions with a lightweigint se
cerning interface compatibility of HPS and SBS. Consider- vice composition language. The initial results of our proto
ing plain SBS, their description follows the WSDL de-facto type are demonstrated in Section 4. We conclude the paper
standard. By following the HPS concept proposed by [26] with related work in Section 5 and an outlook for future work
we do not require special considerations for the creation of in Section 6.

HPS service descriptions. We use WSDL based descriptions

that serve as interface to HPSs. This abstraction givessus th 2. Context Model for SOM

make thentomposableogether with SBS in a well defined  ¢ontext related information into social service compositi
manner without having to cope with the inherent complexity that are described in a flexible composition language. Our

of human interfaces. _ _ proposed context model aims at satisfying the following
In the second step, we attacbntextrelated information  properties:

to the service composition. We refer to this context as desig ) ) o )
time context in which the creator of the mashup makes 1. The m_odel should be Ilghtwelght_per_talmng information

assumptions about the expected mashup execution context. egarding the most relevant entities in SOM. We do not
The context of the mashup provides information about the ~ &ttémpt to provide a general purpose context model, but
environment and introduces global constrains that must be  rather focus on SOM applications.

met during the execution of the mashup. For instance, a 2. Context information comes from various sources induc-
mashup might not use external services but only internal  ing physical, e.g., physical location context, and logical

ones. sources, for example, a calender containing information

Fine tuning of the service mashup takes place in the third  regarding the user’s location in a given time interval.
step. Within the mashup, the designer is required to define
parts which allow a certaidegree of flexibilitylike delega-
tion or splitting. This activity attaches detailed contéxt
formation to parts of the service mashup which are expected
to change during the execution and the given context. For
instance, in a mashup, there might be a critical HPS which
must not be delegated to others or some services are not a
lowed to be split among several services.

The rest of the paper is organized as follows. In Section 2
we define our context model for social-based mashup appli-
cations. Section 3 introduces our proposed QoS model with
emphasis on humans. In the following section we show how

Figure 2(a) depicts our context model and some examples
of its usage in SOM (see Figure 2(b)). Our model captures
the well know dimensions of context (e.g., see [@hatde-
noting the activity of an ageniyhencapturing time aspects,
who denoting a person or service, andwa set of actions
that were executed in the course of an activity. On the other
hand (Figure 2(b)) we show examples how to use the context
model in SOM (context queries).

The context model contains aspects related to the design
of mashups and to their execution (i.e., runtime). At design
time, concepts that need to be supported by the mashup tool
areActivity, Agent Role andRequirement



e Activity : Mashup applications comprise a set of activi- 3. Q0S Model for Service Compositions

ties required to model basic flows (processes). HOwever, |, conirast to interface issues, quality aspects of HPSirequ
the context model does not contain details regarding the g cja| considerations with regard to service composition
process model. Inste_ad, context is _r_elated to mforr_nahon Context has strong impact on QoS properties due to chang-
such asigentand theirRolesin Activities roles may in- 4 avajlability of services. HPS exhibit fundamentally-di
clude creator of an activity or contributor. ferent quality than SBS. For example, SBS can handle sev-
e Agent: Both HPS and SBS can contribute to an activity eral hundreds requests at once while humans are limited to
[26]. a small number of parallel requests. On the other hand, hu-
« Requirement A requirement may restrict the set of ac- mans are able to make complex decisions and to handle data

tors, which can be invoked in an activity, the roles, and outside the. original task specificati_on_ while SBS can han-
most importantly the values of QoS attributes. dle these situations only to a very limited extent. Gengrall
speaking, humans maintain a more complex notion of con-
The other model entities address the dynamic nature of text and are able to maintain multiple contexts at a time.
context. AnActivity as well asAgentis associated with a  They also have the ability to resolve context when required.
context change historyContext change, or more precisely, Thus, when combining human and software-based services,
context change events are depictedddsgect Action, and these differences must be considered in the design of com-
Valuetriples. positions. We propose the extension of existing QoS models
with regard to human attributes that reflect human behavior
¢ Events areactions taken by agentsa) in an activity that [15].
is part of a mashup (composition) or b) independent of
an activity (person A moves to a new location X). Inthe 3.1 QoS Attributes
first case, an object (person or service) triggers an action
(the activity acts as the container for actions) while in
the second case, objects change their state independe
of any activity.

Table 1 shows a set of quality attributes, along with their
qefinition, that can be applied to both human and machine-
"Based services or to only one of these two types of services.
The latter fact (i.e., application) is exhibited with theeusf
* Events areactions acting upon agentsSuch an event  the third and fourth columns of the table. Finally, the last c
may capture invocations of SBS or HPS. In other words, ymn shows if it is meaningful to aggregate the same quality
actions capturéunctionalcapabilities (e.g., interface ca-  attribute of both human and software-based services for the
pabllltles) that could Change over time. However, actions Composition‘ If the answer is no, then we can have On|y lo-
are typically driven by the context to enable flexible exe- cal quality constraints on specific tasks of the composition
cutions of SOM. Changing actions are important for the depending on whether the quality attribute is meaningful to
context-based evolution of mashup-based compositions. model the quality of the human or machine-based service
that is mapped to this task.
We are going to analyze the differences between the same
quality attribute for the human and software-based sesvice

Label and Time provide additional metadata to context
change events. Labels provide additional information abou
the action. The value givei the"result of an actiqn, wh.ereasand we are going to argue why we did not model this at-
labels can be regarded as "tags” to further quantify actions i te for one or the other service type in the correspagdin

Let us discuss two example context queries as depicted e that can be drawn from the last column of Table 1.
by Figure 2(b) to explain the role of contextin SOM: Throughput: Defines the maximum number of requests
that can be completed in a given time interval. Again, there
is no conceptual difference between humans and software-
based services beside the scale of the respective throughpu

Availability : SBSs are usually available 99.9 percent of
their time. On the other hand, the availability of humans
varies as it also depends on their context and current load.
However, there are usual patterns inferred from users gbnte
where availability can be approximately defined for humans
* Restriction and filteringRind only services iLocl but  (e.g. user's usual working schedule, days off and holidays,

not $Loc4): This query selects and filters services based health and mental situation, etc.).

on location information (e.g., exclusive combination of Data quality: This attribute expresses the quality of the
input variables $Locl and $Loc4 expressedR@sjuire-  data produced by the service. In the way we define HPS, this
men). TheHistoryis used to determine whether an agent, attribute has the same meaning for both service types that we
for example, a person has moved to a certain location consider. Moreover, this is an attribute for which we cannot
(changes in location context). definitely say that its value is better for one service type

¢ Replaceabilityfind HPS that can replace SB&ttempts
to discover a set of HPS that can replace SBS that might
be, for example, unavailable due to faults or other techni-
cal problems. The HPS must satisfy functional interface
characteristics and capabilities in terms of QoS proper-
ties. For example, slower response time of a human is
acceptable in a given SOM.



Attribute | Description | SBS | Human| Aggregation

Throughput | The number of completed service requests over a time period yes yes yes

Availability Availability of the service provided to customers yes yes yes

Data Quality | The ability of a data collection to meet user requiremerdfinéd as| yes yes yes
the proximity of a value to a valuev’ considered as correct

Trust Indicates the service’s trustworthiness yes yes no

Delegation Ability to delegate task to another service no yes no

Soft Completion| Ability to end a task’s execution untimely due to time residns but| no yes no

with a concrete result produced

Table 1. Service Quality Attributes

Attribute | Metric/Type/Unit/Monotonicity | Aggregation Pattern
Throughput | Maximum/Positive Integer/(Calls/Sec)/Positive th, (CEP) = Ininsp:me epn Y e - th;
Availabilty | (Upime/Torl-Time)/Realin [0.0, 1.0 TPositvean, (CFP =T e v
Data Quality| MAPE [17]/Real in [0.0,1.0]/~/Negative dg, (CEP) = mi(rtlijsﬁfeiip dg;
Trust —/Real in [0.0,1.0]/~/Positive try (CEP) =1] (f;l;f CE;*]-

(ti,s;)€ECEP

Table 2. Service Quality Metric and Aggregation Pattern

than the other one. Depending on the application domain 3.2 Quality Aggregation Analysis

and the context, the situation changes so there is no Winninggeyera| quality attributes can be associated with a service
service type. Finally, the data quality of an HPS can in@eas g, ch attribute would have a short definition, a metric, a@alu
becag§e a human can learn frqm the repgtmon of a.task or bytype, a monotonicity and an aggregation pattern associated
exploiting the knowledge acquired or derived from its sbcia ;i it Monotonicity concerns the way the values that the
network. , L . dimension takes can be compared. In this paper, we distin-
_ '_rrust: The way this quality is _measured for these en_tltle_s guish between positive and negative dimensions. A dimen-
is different because for humans it depends on both subgectiv. gjq, s positive (negative) if the higher the value the highe
and objective criteria while for SBS it depends on only 0b-(jqer) the quality or energy level. The aggregation patter
jective criteria [29]. Moreover, an SBS's trustis usuallgma ot 5 gimension defines how the value of this dimension for a
constant as compared to a human's trust. So, we believe thag,ompasite service can be determined based on the value of
itis not meaningful to aggregate this quality for a compdsit  the component services. In this paper, we have considered
service containing both human and software-based services,ny the most significant and widely-used quality attritsute
Delegation This attribute concerns the ability of ahuman 4 appear in many research approaches. Table 2 summa-
to delegate a part or the whole task he is running to other ;a5 these attributes based on the above analysis.
humans, including this human’s coordination capability in CEP denotes a concrete execution plan [13] of a com-
coordinatipg thg splitted task’s gxecution. SBS can Fﬂytia} posite service (either HPS or SBS). E&@ch P can be trans-
support this attribute by delegating a whole task's executi  ¢5med [1] to many (e.g.K) concrete execution paths sym-
to other instances of the same service. However, they cannoy, yjized with epy containing a subset of the tasksof the
easily delegate parts of a task and coordinate them, ifthe ta - p |n addition. each execution pat;, has a set ofub-
hag a_llready exeguted, as this req_uwes.spemal mechanlsmspaths(i.e. paths not having parallel tasks) that are indexed by
So it is not meaningful to model this attribute for SBS. m and denoted byp* . Every execution pathp; is associ-
Soft Completion: Soft completion refers to the incom- 04 with a set of aggregated attributes denoted with, .

plete result of a service execution which is still useabte fo The set of services, to be executed for a tagk are called
.« ey . K3
further activities. For example, a HPS that analyzes images ,ndidate serviceand are denoted with;. Each service;

for the occurrence of objects (e.g., trees) might not qyalif 55 5 specific set of attributestr; derived from its service
all objects. However, it might be the case that only a yes/no

decision of object occurrences is necessary in the context o
the mashup/workflow. This is not true for the side of SBS, as 3.3 QoS and Context

they hf_i\_/e to end all their activities before they can produce yyq argue that QoS attributes are driven by the context in
a specific and complete output. which they are measured. In this regard, we refer to context

profile.



free QoS attributes and context sensitive attributes. ile co 2. Runtime With the use of uniform WSDL interfaces we

sider QoS attributes like availability as context sensifior lay the foundation for a later generation of BPEL work-
HPS, because the location context of the human (provided flows. The composition model is deployed in #dashup
service) influences the availability quality attribute r Fo- Execution EngineAn activity is usually performed by

stance, if the location of a human changes, the human might invoking a set of services. We call these invocatians

not be able to provide the service. Another example for a  tionsthat can be performed in a context-aware manner.
context sensitive attribute is delegation. Delegationhhig Thus, theService Invocation Handlenterprets context

not be allowed in scenarios where a certain instance of a  associated to activities to obtain context information via
HPS (e.g., expert that provides an expertise service) is re- queries from theContext Storelnteractions with HPS
quired. In contrast, context free quality attributes areafo and SBS (service request and service response) happen
fected by context. An example is a valid security certificate in an equivalent service oriented manner through the ex-
which is required to invoke a service. In the next section we  change of SOAP messages. Notice that our approach
discuss the use of context and QoS in our proposed mashup is not limited to BPEL, since the abstract definition of
model in greater detail. mashup can be transformed into other languages as well.

4.1 Flow Editor

For a proof of concept prototype implementation, and to il-
lustrate the end user support, we used ExpressFlow [31]. We
integrated concepts that are required for the creation-of so
cial service compositions in Expressflow, with regard to the
limitations imposed by HPS and SBS in service mashups.
In our approach, a service mashup structures activities and
‘defines context channels which encapsulate context related
information. With the help of a graphical tool (see Figure
4) we support the mashup design process. At this level, the

4. Architecture and Implementation

The main concepts of our approach were defined in the pre-
vious sections. This section is dedicated to analyzing the a
chitecture and implementation details of our approach. As
discussed earlier, our goal is to benefit from both, human
flexibility and the efficiency of SBS for tasks. Conceptually
the composition process consists of two main steps as de
picted in Figure 3.

§) Design.of 2) Output of Design mashup designer defines the basic structure of the mashup
Flow Editor o using different activities. The tool also provides basic se
vice registry features which supports the designer in selec
Design ? Relevant ing services that are suitable in a given context (e.g.rifiite
O\ ;3 Process I of all services that operate at certain locations).
S |
. I e Comext Query | T
( Context Query o -
R @ Context Channel
Mashup Execution Serviee | /| /7 N T i‘
Engine Invocation )
Handler L
. ﬂ' Context Store ?
Runtime ;\I:Service Request Actvity2
% €]
o \El'\'icc Response é
°
Invoke Activity HPS +SWS
4) Context-aware
XML Result Execution of Mashup
Figure 3. Architecture and Deployment N

Figure 4. Screenshot of ExpressFlow online tool
1. DesignFirstly, one needs to define the structure of the

service mashup. The structure of a service mashup de- We incorporate context related information directly into
fines from an abstract perspective how services and hu-the code of the mashup. This approach enables context un-
mans cooperate and which services are used by humansaware services to be fully integrated into context aware
and vice versa. We support this activity with a online tool mashups. By following the separation between context and
that enables the creation of social mashugsw Edi- services we gain the needed flexibility to integrate humans,
tor). It must be noted that the flow model contains addi- HPS respectively, into mashups. We discuss the implemen-
tional information regarding theelevant contexthat is tation and integration of the basic concepts and their imple
used during execution of the process model (e.g., contextmentation in a top down manner in the following subsections
queries). and illustrate our approach with short XML examples that
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are generated by the Expressflow tool, after having specifiedto Viennaand the time contextoday It it worth noticing,
the mashup graphically. that, unless specified differently, all activities are pefadilt
executed sequentially (Activity 2 follows Activity 1).
Activity: Activities structure actions which are the hooks
for the actual service invocation. The example in Listing 3
Mashup: In service mashups, we embed context channels shows an activity Activityl) which copies three different
to structure context information and group actions in activ values @ppid, streetandcity) to the variablevariable7for a
ities. These elements can be structured with construas lik sequential invocation of two SBSQAPInvoke&ndSOAP-

4.2 Modeling Context-aware Mashups with
Expressflow

if then elseor parallel. Listing 1 illustrates two parallel con-
text channels with different context information usiRgr-
allel and ParallelBranchconstructs. Each context channel®
specifies a context scope (e.g., location, time). During thg
execution these branches are executed in parallel with th

context being evaluated independently. s

6
<Process efid=5c21c032- 091f - 45a0-aaf4..." 7
name= OOPSLA Servi ce Mashup Denp" 8
type="Servi ce Mashup" > 9
<Parallel name=Parallel 1" type=Activity" > 10

<ParallelBranch-
<Context name%Cont ext Channel 1"
type="Cont ext Channel "
location='Vi enna" time="Today">

</ Context>

</ParallelBranch-

<ParallelBranch-
<Context name%Cont ext Channel 2"
type='Cont ext Channel "
delegationZNo" availability="100">

</ Context>
</ParallelBranch-
</ Paralleb
</Process

Listing 1. Definition of Mashup Comprising Two Parallel
Context Channels

Context Channel: Context channels act as flexible con-
tainers for service related context information which issp ,
ified during the design of the mashup. Conceptually, a co
text channel defines the scope and the type of context (e.d|
location, time, delegation) for nested activities. Durthg
execution of the mashup, all activities of a context chann
access the predefined context information and perform t
context dependend actions (e.g., data transformatiorghwhi °
are retrieved from a context store.

o o

<Context name=Cont ext Channel 1"
type="Cont ext Channel "
location=Vi enna" time="'Today">
<Activity name=Activityl"
type="Activity" previousZnull"
<Activity name=Activity2"
type="Activity" previousZActivityl"
next=" Assi gnnment 1" />

</ Context>

>

Listing 2. Context Channel Example

Listing 2 presents an example for a context channel,
which defines the location context of all included actiatie

Invoke4 which share the same input parameters.

2| <Assignment name=Assi gnment 1"

)

<Activity name=Activity2" type=Activity" >
type="Activity ...
<Copy nanme=" Copyl' type=" Activity"
copy_from"YD-9G7bey8IXxQP6rxl.fBFGgCdN;j.."
copy_to="$Variable7.appid previ ous="null" ... /
<Copy name="Copy2' type=" Activity"
copy_from=" Argentinierstreet+8
copy_to="$Variable7.city
previ ous="null" next="null" />
<Copy nane=" Copy3' type=" Activity"
copy_fron¥" Vienna'
copy_to="$Variable7.city
</ Assi gnment >
<l nvoke name="SOAPInvoke3 type="SOAPInvokée
i nput="Variable7' output="Variable8 ... >. ..
<l nvoke name="SOAPInvoke4 type="SOAPInvokée
i nput="Variable7' output="Variable9 > .

>

/>

Listing 3. Asynchronous Activity

Action: Actions represent invocations of services that
are executed in the context of an activity. Listing 4 shows
how actions are modeled in ExpressFlow. Because of hav-
ing specified the context on a higher level, we do not require
to specify context attributes on this level. Consequesty,
vices do not need to be aware about the contextin which they
are executed. We discuss how we handle the actual service
invocation in Section 4.3.

il <Invoke namexSQAPI nvoke3"

type="SOAPI nvoke"

input="Vari abl e7"
<Resource
uri="http://1ocal.yahooapis. conf MapsServi ce. . .
appi d=$Vari abl e7. appi d&anp;
street =$Vari abl e7. ci t y&anp;
city=$Variable7.city" />

</Invoke>

output=Vari abl e8" >

Listing 4. SOAP Invoke Example

4.3 Context Store and Service Invocation Handler

Our prototype stores context related information ina MYSQL
database. Our database layout is based on the SOAF data
model [30] and the context model of Figure 2(a). During
runtime, we query the context store for context related ac-
tions (e.g., service request transformations) using awicee
invocation handler. The service invocation handler exsrac
context information (e.g., time, location, delegatiorrir
SOAP message headers. In our current implementation, we
use a simple keyword based search to query for context spe-



cific transformations which are represented as XSLT trans- context-aware mashups. The work described in [19] presents
formations. These transformations are retrieved as string a services mashup system which is able to perform context-
(streams respectively) for the use of Apache XALAN to aware service composition in a semi- or fully-automatic way
transform the request according to the context. Notice that and to adapt the results of the composition according to the
in our current implementation, we support the transforma- user’s context. Finally, “remash!” [4] offers a framewohiat

tion of incoming SOAP requests, but do not transform the enables the flexible binding of services at runtime dependin

output accordingly. This is planned for future work. on the changing availability of services or the situation-
specific requirement of the application.
5. Related Work Context and its quality can affect the QoS of a service [7].

Generally speaking, mashups are applications created of ex Q0S has been widely studied and researched for SBS discov-

isting online resources. [16] categorizes mashups adogrdi €Y composition [13], and adaptation[1, 8, 11]. However, n

to four main dimensions: a) what is mashed up, b) where QoS-related research work has been conducted for mashups

to mashup, c) how to mash up, and d) for whom to mash O human-based workflows.

up. Based on this categorization, there are tools that of-

fer similar functionalities with our approach like “JackBe 6. Summary and Future Work

Presto® , “Procession” [20], “Serena Mashup Suite’

“Swashup” [22], “JOpera” [25] and “remash!” [4]. However,

none of these tools is able to offer a context-aware and QoS-

based mashup development and execution environment.
Context is any information that can be used to charac-

terize the situation of entities [12]. Context-aware Syste

(CASSs) are able to adapt their behavior to the current contex

without explicit user intervention and thus aim at increas-

ing usability and effectiveness by taking environmental-co

text into account [2]. The behavior of a CAS can be adapted

through context in three levels/dimensions [L0§er inter-

In this paper we presented a framework for the integration
of humans in socially oriented service mashups. We illus-
trated the mechanisms to accomplish this with regard to
QoS and context. We presented our initial prototype and dis-
cussed how we addressed implementation challenges con-
cerning the interpretation of context during the runtinre. |
future work, we will elaborate our approach with regard to
the adaptivity of mashups and extend our core context model
with complex actions (e.g., reordering of service invoca-
tions in context channels). We are going to extend our QoS
. . . model with attributes like accuracy or presentation gualit
face conter_u andsgrwce Moreqver, this adaptatlon can .be and study these in the context of mashups. Furthermore, we
performed ina statlc_ or dyngmlc way by different combina- will extend our current prototype with ExpressFlow to BPEL
tions Of. Services which are independently selected on these[32] transformations to generate executable BPEL code and
three dimensions. L . study alternative approaches (e.g., using scripting laggs
Contgxt has been used n d|scover_y, composition, and or document based approaches [27]). And finally, we will
adaptation of SBSs. Concerning SBS discovery, context hasevaluate the performance of our proposed approach thor-

lqeen used for_rquest (e Iocatlpn info) and mputl comple- oughly and study larger examples for service mashups and
tion (e.g. missing input) so as to increase the quality of the context

discovery result [6]. Various approaches [9, 23, 24, 28hav
been proposed for SBS composition that use local [33] and
global contextual constraints for selecting among the tand ACknowledgment
date SBSs for each task of the composite SBS in a static orThe research leading to these results has received funding
dynamic way. from the European Community Seventh Framework Pro-
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