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Abstract: 

   Web-based collaborations have become vital in today’s business environments. 

They have paved the way for new type of collaborative system. As collaborative Web-based 

platforms develop into service oriented architectures (SOA), they promote mixed user enriched 

services. Due to the availability of various SOA frameworks, Web services emerged as the de 

facto technology to realize flexible compositions of services. Knowledge-intensive environments 

clearly demand for provisioning of human expertise along with sharing of computing resources 

or business data through software-based services. To address the challenges, an adaptive 

approach allowing humans to provide their expertise through services using SOA standards. 

Discovering the right actor in mixed service-oriented systems is challenging due to scale and 

temporary nature of collaborations. We present a novel approach addressing the need for 

flexible involvement of experts and knowledge workers in distributed collaborations. We argue 

that the automated inference of trust between members is a key factor for successful 

collaborations. Instead of following a security perspective on trust, we focus on dynamic trust in 

collaborative networks. We propose a context-sensitive trust-based algorithm called ExpertHITS 

inspired by the concept of hubs and authorities in Web-based environments. ExpertHITS takes 

trust-relations and link properties in social networks into account to estimate the reputation of 

users. 

Keywords: Service oriented architecture, ExpertHITS algorithm, mixed service oriented 

systems. 
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1.  Introduction: 
 The existing platforms do not allow 

users to specify interaction platforms and if 
a web based system has to evolve into 
service-oriented architecture, then it should 

be able to promote composite and user-
enriched services. Open service-oriented 

environments require a flexible yet reusable 
collaboration model because compositions 

comprise interactions between people and 
a number of software services [1]. A mixed 

service-oriented system composed of both 
human-provided and Software-Based 
Services was introduced to support such 

complex interaction scenarios. Mixed 

service-oriented system contains the 
following things. 
1. Service Avatar. This concept is used to 
represent human capabilities as services on 
the Web.  

2. Personal Provisioning. Personalized 
services can provide significant user 
benefits since they adapt their behavior to 
better support the user.  

3. Feedback-based Adaptation. Feedback in 
all sciences is usually considered as a kind of 

a loop from an output of a certain action to 
its input.  

 The following figure 1 explains how Mixed 
service-oriented system can work. 
 

 
 
 
 
 
 
 

 
 

 
 
 
 

 
Figure 1.1 Components of mixed service-oriented system 

 

2. Related Work: 
The notion of service orientation is 

not only applicable to web services. Service 
orientation in human collaboration is 

becoming increasingly important. Major 
software vendors have been working on 

standards addressing the lack of human 
interaction support in service-oriented 

systems. WSHT [2] and Bpel4People [3] 
were released to address the emergent 

need for human interactions in business 
processes [4]. These standards specify 

languages to model human interactions, the 
lifecycle of human tasks, and generic role 

models. Role-based access models [5] are 
used to model responsibilities and potential 
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task assignees in processes. While 
Bpel4People-based applications focus on 
top-down modeling of business processes, 
mixed service oriented systems [6] target 
flexible interactions and compositions of 

Human-Provided and software-based 
services. Open service-oriented systems are 

specifically relevant for future crowd 
sourcing applications [7]. While existing 

platforms (e.g., Amazon’s Mechanical Turk 
[8]) only support simple interaction models 

(tasks are assigned to individuals), social 
network principles support more advanced 
techniques such as formation and adaptive 

coordination. 
 

Task-based platforms on the web 
allow users to share their expertise [9]; or 

users offer their expertise by helping other 
users in forums or answer communities 

[10], [11]. By analyzing email conversations 
[24], the authors studied graph-based 

algorithms such as HITS [12] and PageRank 
[12] to estimate the expertise of users. In 

[13], an email analysis in enterprises, 
defining information flow metrics in the 
social interaction graph was presented. The 

work by [14] followed a graph-based 
approach and applied HITS as well as 

PageRank in online communities (i.e., a Java 
question and answer forum). While the 

above cited works attempted to model the 
importance of users based on interactions; 

they do not consider that interactions 
typically take place in different contexts. 
Approaches for calculating personalized 
PageRank scores [15] were introduced to 

enable topic sensitive search on the web. In 
contrast, we presented a model where 
expertise analysis is performed considering 
context information. We proposed an 

algorithm that can be computed online, 
while most other approaches demand for 
offline calculation due to computational 
complexity.  
 In this paper, we utilize Human-

Provided Services (HPSs) enabling flexible 
interactions in service-oriented systems. 

We discuss the discovery and interactions in 
mixed service oriented systems comprising 

HPS and software based services (SBS). 
Experts offer their skills and capabilities as 

HPS that can be requested on demand. In 
this work, we present the following key 
contributions: 1) estimation of user 

reputation based on a context-sensitive 
algorithm. Our approach, called ExpertHITS, 

is based on the concept of hubs and 
authorities in web-based environments. 2) 

An approach for community reputation (the 
hub-expertise of users) influenced by trust 

relations. Dynamic link weights are based 
on trust and user rating influenced by the 

query context. ExpertHITS is calculated 
online, thus fully personalized based on the 

expert-requester’s preferences (i.e., the 
demanded set of skills). 3) Implementation 
and evaluation of our approach 

demonstrating scalability and effectiveness 
of our proposed algorithm. 

  
3. Expert Discovery System: 

  Expert Discovery System 
contains the following modules. 

  3.1 EexpertHITS Algortihm 
  3.2 Expert Hub Discovery 
  3.3 Expert HITS Model  
  3.4 Metric calculation 

  
3.1 EexpertHITS Algortihm: 

 The basic approach is to use a metric 
to calculate the overlap of two sets A and B, 
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A straightforward way to define overlap 
similarity. An algorithm is presented for 
matching preferences through calculating 
overlap similarities of sets of properties. 
These preferences have impact on matching 

of skill properties on lower levels. As 
mentioned before, all nodes in the skill tree 

that do not have successor nodes are called 

leaf nodes. For simplicity, we do not 
consider unbalanced trees or complicated 
branching structures. An algorithm for 
matching elements which may have 
interaction data (RFS-based interactions) 

and user profiles holding skill information 
and also calculate hub and authority scores 

(shown in algorithm 1).  
 

 
Figure 3.1.1 ExpertHITS Calculation steps 

 

 ExpertHITS Algorithm: 

Input: Given a query context Q to discover 
expert hubs. 

Output: Ranked elements 
Algorithm: 

Step 1: Find experts matching demanded 
set of skills. 

Step 2: Start from the root node and match 
the query to the root node. 

Step 3: Iterate through each level and 
calculate overlap similarity of property in 
query at current level i. If the node will be 
empty then go to next node. 
Step 4: Calculate hub-expertise of expert 
given query context Q, For each expert 

calculate hub score. Hub score can be 

calculated as the rating through authorities 

based on delegation behavior.  
Step 5: For each expert calculate authority 

score. Authority score can be calculated as 
the rating through hubs based on reliability 

in processing delegated tasks. 
Step 6: Ranked expert are listed 

 
3.2 Expert Hub Discovery: 

   

The basic Expert discovery model as 
shown in the given figure 3. The discovery 
and selection of expert hubs and authorities 
(Fig. 3a and 3b) followed by the definition 
of delegation patterns and ratings (Fig. 3c 

and 3d) is shown. 
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Figure 3.2.1 ExpertHITS discovery model, advanced interaction patterns, and feedback 
ratings. 
 

3.3 Expert HITS Model: 

 In this section, we discuss the formal 

model for our proposed expertise ranking 
algorithm consisting of two components. 1. 

Hub score of user u in query context Q and 
2. Authority score of user v in the same 

query context Q.  
 
3.4 Metric calculation: 

 Metrics support fast and reliable 

responses and neglect others such as costs. 
Calculate metrics in the scope of  
interactions (Request for support).For fast 
and reliable use metrics such as response 
time and success rate. 
1. Response Time 
2. Success Rate 
Response Time is calculated as the duration 
between sending (or delegating) a request 
to a service and receiving the corresponding 

response. Success Rate is an RFS is 
considered successfully processed is the 
success rate. 
 

4. Conclusion and Future Work: 

Unlike traditional models found in 
process-centric environments, we proposed 
the combination of preplanned process 

steps and ad-hoc activities to solve 
emergent problems in distributed 

collaboration environments. Our approach 
is based on the Human-Provided Services 

concept enabling knowledge workers to 
offer their skills and expertise in service-

oriented systems. Expert discovery is 
greatly influenced by (behavioral) trust and 

reputation mechanisms. We demonstrated 
a novel approach for estimating expert 

reputation based on link structure and trust 
relations. Trust information is periodically 
updated to capture dynamically changing 

interaction preferences and trust relations. 
We have shown that ExpertHITS can be 

computed in an online manner, thereby 
enabling full personalization at runtime. 

Existing approaches in personalized 
expertise mining algorithm typically 

perform offline interaction analysis. Our 
empirical evaluations have shown that 
ExpertHITS exhibits the desired properties; 
trust and rating weights influence hub- and 
authority scores. These properties ensure 
that our algorithm discovers experts which 

are well-connected to other experts. 
Although we have focused on the 

application of ExpertHITS in human-centric 
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and social collaborations, we believe that 
the underlying trust-based interaction 
model can be applied to coordination 
problems in distributed systems in general. 
In our future work, we will study network 

effects of two-sided markets in mixed 
service-oriented systems. Also, we plan to 

make the system available for public use. 
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