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Abstract

A good decision is made usually from gathering adequate information, working out the importance of individual factors, and choosing the best course of action. The quantity and quality of the information, the process of highlighting the important factors, and the duration to process the decision are critical. Nowadays, outsource hiring and recruitment companies have played an important role in many industries, for reducing the search duration and increasing the likeliness of employing the right person. However, there are too many human resource (HR) companies in the market. Submitting a request for each of them would need huge amount of time and effort to process. Intelligent autonomous Web services would be the best solution to solve this problem. Further, this can reduce the chance of human errors and bias. Therefore, e-HR Matchmaking Service (e-HR) is proposed to provide a standardized human resource searching, platform via the Web services, returning candidates from many different sources. The e-HR integrates with the sources’ candidate management system and retrieves the relevant candidates matching the requirements. Also, the e-HR weights each result with configurable ranking criteria and presents the best matching results to the requesters, assisting them to make the best decision on hiring and hence reducing the effort of searching and interviewing.

Introduction 

Traditionally, human resource experts would rely on the personal interviews and focus on psychologically questions to the candidates. The recruitment process usually takes several manual steps. Firstly, an HR expert reads the application in heterogeneous forms such as letters, emails, company application forms, etc., then factors out the applicants with strength that is matching the requirements of then post, initiate one ore more personal interviews with the potential candidates, and finally decide the outcome and job assignment. Often, the whole process requires the HR experts having a multi-domain knowledge on the requirements (i.e., knowledge on the job nature of many departments in the company). The procedures of acquiring a potential candidate involve enormous amount of time and effort. There are also chances that HR experts might have bias or error when identifying the appropriate potential candidates, since the functional requirements of the job nature is multi-dimensional and it is impossible for the HR expert to distinguish all of them in an efficient amount of time. Therefore automation is one strategy.  However, for simplicity, often just the application forms are posted on the company’s website so that the applicants submit common attributes in similar formats, such as personal information, work experiences, education background, and skills.
On the other hand, many companies use outsource recruiting. This not only reduces the time and effort spent from the human resource experts, but also increases the likeliness of matching the appropriate candidates. One of the services has arose rapidly in recently years, is from Internet recruiting, such as Monster, Workopolis, and JobsDB. The significance of these services is that they provide automated searching services for both the applicants and companies, matchmaking them based on user-configurable criteria. 
As both Internet recruitment companies and website advertising are often used, there are even more disadvantages. For the company, it receives heterogeneous formats of applications (i.e., application forms in letter, website, emails, and/or outsource recruitment agents, etc.) and to process those is even more tedious than the traditional way. For the applicant, it is time consuming to submit the same personal profile in the websites of different companies and recruitment services.

To address the problem, standardization of the information format is needed. We propose an e-HR matchmaking service, which supports decision making versatile for both the applicants and companies. An applicant needs to submit only one detailed profile to e-HR (optionally a company-specific application letter) while the recruiting company needs to complete only the template functional requirements of the vacancy. Also, the e-HR contains a network of companies and applicants, forming an extended recruitment network with personal profiles and vacancy positions recorded, enabling an effective and efficient way of matchmaking Web services for job exchange, vacancy recruitment, and job hunting.
Web services [1] provide loosely-coupled standard interfaces among autonomous systems within and among organizations in the form of a set of well-defined functions for programming. In particular, Web services support event-driven information integration for timely service provision and interaction. The e-HR searching criteria could be chosen by the clients (i.e., recruiting companies, applicants, etc.) in terms of matching the requirements and preferences. The response of the other party could be dynamic, where salary negotiation, personal interview scheduling, accept or reject of offering, etc. Also, e-HR provides intelligent ranking via comparisons of configurable factors and calculate the score supporting the matchmaking and decision making to all parties.

The contributions of this paper are as follows: (i) some typical requirements of the e-HR as a template for the clients; (ii) a meta-model of e-HR for design and implementation of the system; (iii) matchmaking mechanism supporting decision making process; and (iv) system implementation architecture with Web services for both programmatic interactions and human participations. The rest of the paper is organized as follows. Section 2 discusses the backgrounds and the methodology overview. Section 3 discusses the related work. Section 4 presents the design and implementation in a Web services environment together with mechanisms for the searching and matchmaking process. Section 6 concludes the paper with discussions and future work directions.
Background and Methodology Overview
When typing “job search” or “career finder” keywords in the Internet search engines (e.g., Google), there would be around 392 million search results; and “personal profile” or “personal resume” keywords would resulted in around 34.6 million search results too. This indicates tremendous heterogeneous demands from both the recruiters and applicants. Heterogeneous demands and resources without a standardized formal methods results in information overwhelming. This has increased the time and effort for both the application and recruitment processes. For applicants, merely the number of resumes sent is not the key to getting a job. For companies, depending on luck or interviewing a large number of candidates is neither the key of hiring the right person for the vacancy.  It is obvious that automated platforms via Web services would definitely increase the efficiency and accuracy of matchmaking for the appropriate candidates.
Figure 1 shows a typical hiring process flow. To start off, a company has a vacancy and a HR expert gathers the information from the department who wants to hire. Information includes the job nature, functionalities, technical and non-technical requirements, salary, compensations, availability, etc. Then the HR expert composes a formal vacancy posting from all the information gathered, and advertises within the corporate or to the public via corporate intranet and websites, newspapers, recruitment agents, recruitment websites, etc. Then applicants would eventually find the post and submit their applications. Formats of the applications may include the company’s application form, application letter, curriculum vitae, or resume from candidates, submitted through electronic or paper mail. The HR department receives all the applications (by a deadline), skims through and filters them, analyzes the leftover, factors out the possible candidates, and then starts scheduling interviews with them. Finally, offers are made to the success candidates with negotiations on compensations and candidate’s availability.
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Figure 1. The Typical Hiring Processes
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Figure 2. e-HR System Overview

Nowadays, although the recruitment services allow candidates to submit their profiles electronically via a web interface, there is no standardized format. Candidates still have to waste time in repeatedly filling out the descriptive working experiences, outstanding skills, education backgrounds, awards and affiliations, target job and location, etc. To address these problems, Figure 2 summarizes the overview of the e-Human Resource (e-HR) system architecture: the candidates, the corporate, and the recruiting companies. The system should provide the request and result for each entity as follows:

HR Databases: These are the existing human resource information system in the company. The data describe the candidate’s skills, work experience, free text description, salary, entry date, language skills, etc. They are gathered by the agent when needed, and converted into an agreed schema that e-HR understands.
Agents: These are the components that wrapped the existing data from the company’s database, and perform the task of query translation, connection handling, and result translation. In terms of matchmaking, each agent contains a matchmaking engine, which will use intelligent search functions such as attribute distance function and complex distance function. In terms of interactions, the agents use the Agent Communication Language (ACL) [7]. It is a language with precisely defined syntax, semantics and pragmatics that is the basis of communication between independently designed and developed software agents. 
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Figure 3. Dataflow of e-HR

Figure 3 shows the message exchange flow of the e-HR built on the Web service architecture (WSA). It aims to connect all network entities (i.e., companies) and presents the candidates profile information to the other parties in a domain specific and precisely described way. As messages adhering to open standards are employed to communicate between different entities, their existing systems such as mainframes can be retained and reused to provide fundamental support to new valuable services. 
1. Related Work
The interoperability of nowadays Web services due to open standards has been recognized and developed over the market. OASIS and W3C are the primary committees responsible for the architecture and standardization. In the past three decades, technology has reduced the costs of storage, transmission, and processing of information by 25 to 35 percent annually. This trend is expected to continue [1, 10]. 
Web services allow companies to reduce the cost of operations, to deploy solutions faster, and to open up new opportunities. The key is a common program-to-program communication model, built on existing and emerging standards such as HyperText Transfer Protocol (HTTP), Extensible Markup Language (XML), Simple Object Access Protocol (SOAP), Web services Description Language (WSDL) and Universal Description, Discovery and Integration (UDDI). However, the real Business-to-Business interoperability between different organizations requires more than the mentioned standards. It requires long-lived, secure, transactional conversations between Web services of different organizations. To this end, a number of standards are under way. Some of these standards are the Web services Conversation Language (WSCL), the Web services Flow Language (WSFL), the Business Process Execution Language for Web services (BPEL4WS), the Web services Choreography Interface (WSCI), the Web services Coordination Specification (WS-Coordination), the Web services Transaction Specification (WS-Transaction), and the Business Transaction Protocol (BTP) [1].

In addition, given the effectiveness and efficiency of adopting technology for matchmaking, the following technologies have been widely adopted:
Agent Communication Language (ACL): As mentioned above, ACL is a language with precisely defined syntax, semantics, and pragmatics. Figure 4 shows the full set of ACL message parameters. Those are the generic and atomic parameters in the common process of exchanging messages. Custom defined parameters could also be used in transferring message with the “x-” prefatory string. The intention of ACL is to allow heterogeneous agents from different sources to communicate one another, with the message “understand” followed by appropriate action(s) or negotiation(s), or reply with the message “not-understood” message to the sender. 
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Figure 4. FIPA ACL Message Parameters

Language for Advertisement and Request for Knowledge Sharing (LARKS): The approach of this language is to connect heterogeneous agents in open environments like the Internet. The process of a requester finding an appropriate provider through a middle agent is called matchmaking. The provider advertises its capabilities to a middle agent, the middle agent stores these advertisements, the requester asks middle agent for providers with the desired capabilities, the middle agent matches the request against stored adds and returns result to requester, then finally the requester can communicates with an appropriate provider. 
Document imaging refers to the set of technologies for converting paper documents into electronic format. The process involves scanning or electronically converting files into high resolution images, which are saved on a storage media. It helps to reduce the paper cost and errors caused by the human processing [1]. For personal information security, technologies such as document integrity, authentication, and authorization are widely adopted. There are several technological implementations to ensure documents have not been tampered with: file creation and modification dates, read-only files, password protection, checksum methods, watermarking technologies, and public key cryptography. They can reduce the security risks in the application process, which are handled by people [11].
Recently, the standard of HR-XML [17] has been recognized. It is an open data exchange standards based on Extensible Markup Language (XML) targeted for staffing and recruiting, and has been widely used by many Internet recruitment services for reducing the time and effort to establish and implement various information interchange mechanisms. However, applications of retrieving and ranking candidates are yet to be developed.
To make e-HR as a more achievable approach to satisfying the needs of human resource searching, the e-HR is built upon Service Oriented Architecture (SOA), and it offers the following advantages over the current technologies employed in the recruitment service industry. The e-HR connects a network of company which run in different systems and platforms with a set of standard protocols and data formats which mentioned above. The e-HR is encapsulated as a secure entity and the only visible part is a Web service as a public interface, which can meet the security concern of the industry. The e-HR is a composition of distributed systems of separate companies to provide strategic matchmaking workflow. As a result, it helps to form a paperless human resource and hiring process.
System Design and Implementation
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Figure 5. System Architecture of e-HR
Figure 5 summarizes the overall system architecture of the e-HR that contains the Web service Agent, Application Layer, Ranking Module, and Database Connection Module. After presenting the overall conceptual model in the following sub-section, we shall proceed to discuss these modules.
1.1. Conceptual Model
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Figure 6. UML class diagram of e-HR

Figure 5 shows the conceptual model of the e-HR system in class diagram. The Candidate Request class represents the object which is created when the requesting a particular candidate with a set of requirements. This class contains attributes such as requester profile, candidate requirements, and other relevant information. It also contains classes Requirements and Preferences. Both classes contain the candidate matching requirement from the requester such as required working experiences in relevant industry, specific skill sets, education requirements, availability date, targeted salary, etc.

The Candidate class is the actual class containing the candidate information. It is created by the CandidateFactory. The CandidateFactory is created by the ProfileFactory, which stores the candidate Profile. These factories internally represent the source for the candidate instance and profile instance which is currently available. The Profile class contains the candidate information, such as objective, education history, work experiences, professions and affiliations, personal attributes, availability, current and expected salary. These data will be stored in a file or a network resource (e.g. database).

When CandidateRequest is passed into the MatchMaker class, the MatchMaker class will then compare and match with the CandidateFactory and returns the Candidate. It uses the ranking class Ranker to “choose” one or more best-fit result. The Ranker class consists of information for comparing and the requirements. The ranking criteria can be configured with different weights to enable multi-dimensional and more dynamic choices. The results is then returned to the WSProvider and presented to the requester.

1.2. Web service Agent Module
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Figure 7. Web service Operation[12]
Web service Agent is implemented based on the Web services Architecture (WSA), composing of three atomic entities (See Figure 7): Service Broker, Service Provider, and Service Requester. Service providers publish services to a service broker. Service requesters find required services using a service broker and bind to them [1]. The Web service Module is designed to communicate with the third parties’ Web service interface such as the recruitment companies and other company. The agent uses standard protocols to describe the form and semantics together with legitimate sequences of messages. This module makes use of XML, WSDL, and SOAP technologies for data exchange, and XML is the core syntax within e-HR system. It standardizes the message structure and schema within different parties for data exchange. For example, the Web service Agent Module needs to transform the same candidate profiles into different format in terms of matching the other recruitment company’s message structure as well as to transform the returned profiles into e-HR data structures using the XML Stylesheet Language (XSL).

Web Service Definition Language (WSDL) is a specification defining how to describe Web services using common XML grammar, and it describe the interface information describing all publicly available functions, data type for message requests and response, binding information about the transport protocol to be used, and address information for the specific service. Simple Object Access Protocol (SOAP) [13] is a way for a program running in one kind of operating system to communicate with a program in the same or another kind of an operating system. It specifies exactly how to encode an HTTP header and an XML file so that a program could communicate with one another and exchange information. As a SOAP client, e-HR creates an XML document containing the information needed to invoke the method from the recruitment company. While e-HR acts as a SOAP server, it listens for profile requests and process the message later. 

1.3. Application Layer Module
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Figure 8. Activity Diagram of Profile Request
[image: image9.jpg]Receive Candidate Profile

(Candldalc Profile vahdauon)%@xmpuon Hnndlmg)

isvald

Retrieve Attributes Weighting
Format and Display Results

H

i





Figure 9. Activity Diagram of Profile Response
The Application Layer Module controls and monitors the flow and communications between different modules. It performs some validations on the incoming message before passing it to the Web Service Agent Module that generates SOAP messages. Also, it communicates with the Database Connection Module to obtain the existing profile information. Figure 8 and 9 show the activity diagram of the candidate profile request and response, respectively. The Application Layer Module also performs exception handling. These exceptions might caused by timeout, invalid message format, insufficient information retrieved, and so on. 

1.4. Web Service Security Module
Security is one of the major issues in the e-HR system, since the service is provided via message exchange; invalid messages might retrieve candidate information. The message could be modified or read by antagonists, or an antagonist could send messages to a service that lacks appropriate security claims to warrant processing. Security tokens combined with digital signatures could be used to protect and authenticate SOAP messages. One example is X.509 certificate that claims and binds between one’s identity and public key. Message integrity is provided by XML Signature (XMLSIG) in conjunction with security tokens to ensure that modifications to messages are detected. Message confidentially applied with XML Encryption (XMLENC) in conjunction with security tokens to keep portions of a SOAP message confidential. Figure 10 shows an example of a custom security token and the associated signature [14]. 
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Figure 10. Custom Security Token and Signature in XML
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Figure 11. SSL handshake example
e-HR also make use of Secure Sockets Layer (SSL) connection for a more secure “tunnel” for exchanging messages. SSL protocol makes use of a public key infrastructure (PKI) to operate. It initiates with an SSL handshake, where the client and the server exchange information with each other regarding the encryption information indicated by the SSL certificate. Once the handshake is completed, the client and server know the way of encrypt and decrypt the data. Figure 11 shows a general idea of how the SSL handshake processed between the client and server.

1.5. Ranking and Decision Making Module

The Ranking and Decision Making module is responsible for searching, matchmaking, and manipulating the candidate profiles returned from the recruitment companies and other sources. It also generates a ranking in a logical order. The profile includes many components, such as descriptions, professions, age, address preferences, desired job, job history, education history, special skills, languages, date specifications, etc. A weighting system is designed to assign the importance factors to each component according to the requester’s preferences, and e-HR will calculate the score of each returned candidate profiles.
To describe the profile in details, the standard of parameters for the profile attributes has to establish. First of all, it defines the atomic attributes is needed before defines other complex types. Veit [4] suggests that the concrete type in the following table should be defined for the purpose of multidimensional matchmaking, to simplify the process of matchmaking, and to preserve the special semantics of these types.
	Atomic Type
	Descriptions

	Keyword
	Nouns of a natural language (e.g. English, Chinese, etc.)

	Boolean
	True or False

	FreeText
	Combinations of words, special characters, and numbers

	Number
	Real number

	Interval
	An array of the type v1,v2 where vi ε [-maxreal; maxreal] for i = 1, 2

	DateInterval
	In the type of d.m.y – d.m.y where d ε {1..31}, m ε {1..12} and y ε {1970..maxint}

	Time
	An array of the type y : d : h : m : s : ms, where y ε Ν, d ε {0..365}, h ε {0..23}, m ε {0..59}, s ε {0..59}, ms ε {0..99}

	Geographic
	Regional Preferences

	ProperName
	Any proper name


After the atomic concrete types are defined, a more meaningful complex type could be defined based of the above table, for the domain of the human resource. Figure 12 shows an example of the document type definition (DTD) in XML format. It defines the document structure with a list of legitimate elements [18].
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Figure 12. XML Document Type Definition

Context sensitive search is needed in the e-HR system, since candidate profile’s components includes free-text type. It is the search algorithm using distance functions, inverse document frequency factor, and other matchmaking engine to perform intelligent searching. Figure 13 shows an example of incremental context-based search [16].
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Figure 13. Pseudocode of the incremental algorithm for context-based search
For the other components that could be described by float and single keywords, such as years of work experiences, years of skill sets, personal attributes, which could use the weighting and ranking system to identify the highest score profile. Figure 14 shows an example of weight XML. The e-HR system searches the database and calculates the divergence of the returned results and the expected result. For example, the manager receives 2 candidate profiles and these profiles only consist of 3 components.

	Profile Components
	A
	B
	Expected

	Years of experiences
	3
	5
	4

	Salary
	10,000
	13.000
	12,000

	Availability
	1
	0.5
	1


Then the e-HR subtracts the potential candidates’ components value with the expected value. The following table shows the result values.
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Figure 14. Sample of weight XML

	Profile Components
	A
	B

	Years of experiences
	-1
	1

	Salary
	2,000
	-1,000

	Availability
	0
	0.5


The manager has weighted the components with the scale of 1-10 from the weakest to strongest as follows.
	Component
	Weighting

	Years of Experiences
	8

	Salary
	5

	Availability
	3


Then the e-HR calculates the total score for each profile by a formula, and a simple one would be as follows [1]:
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This formula can be expressed in plain English as the e-HR gets the product of weight and variations for each mortgage component and then sum up all the products and find the score for a particular profile [1]. The ranking table would be calculated as follows:

	Profile Components
	A
	B
	Weighting

	Years of experiences
	-1*8 = -8
	1*8=8
	8

	Salary
	2000*5= 10,000
	-1,000*5= -5,000
	5

	Availability
	0*3=0
	0.5*3= 1.5
	3

	Total Score
	9992
	-4993.5
	


So in this simple example, it ranks Candidate A higher than Candidate B based on the scores.
Summary and Future Work

The motivation of this work is the need of powerful, generic and adaptable matchmaking mechanisms in the domain of human resource searching and matching. Nowadays, offer and request based systems are emerging to enable highly dynamic, platform independent mechanisms of negotiation. So, mechanisms are needed to assist the decision making of human experts in ranking offers and requests.
The current problem of human recourse searching can be described as follows: applicants have to search the company’s websites or recruitment service websites to find vacancy, consumed numerous amount of time and effort to submit a complicated profile information, human resource experts have to go through each of the applications in a heterogeneous format and sources, and the process might cause human errors in analyzing applications. The purpose of e-HR is to solve this domain of problems as a Web service inter-mediator, which accepts profile requests and candidates input from the clients, and formats both requests with a set of pre-defined data structure using the standard WSDL. The recruitment companies then returned the candidate profiles and e-HR ranks them and presents to the profile requester. So, e-HR has reduced the time and effort required from the human resource experts and applicants. It also provides a more precise matchmaking results in terms of assisting the requester in decision making.
From the traditional human resource point of view, analyzing how well the candidate to write a resume, especially the formatting of it, would reflect the psychological view point on how the candidate view the vacancy he/she applying. It shows the interest, efforts, and other psychological aspects. Without the “paper” processing and using the automated computerized formatting, this traditional analyzing of the resume would be withdrawn. The importance of this “resume” analyze steps varies among different organizations and different position.
A good extension to work on e-HR is to refine the ranking algorithms and the weighting system. Inappropriate weighting factors would greatly reduce the accuracy of the returned results. Self-learning system for similar profile search would help the requester to fit in the most appropriate weighting factors. There are more ranking functions and algorithms nowadays are more precise than the mentioned one in this paper, and extend it into an intelligent system with the aids of pattern recognition and data mining techniques would have a more effective and accurate matching.
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