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Abstract

The potential of agent-based systems has not been realized yet, in part, because of the lack of understanding how the agent technology support industrial needs and emerging standards.   The area of business-to-business electronic commerce (b2b e-commerce) is one of the most rapidly developing sectors of industry with huge impact on manufacturing practices. 


Our intent in this paper is to investigate the current state of agent technology and the feasibility of applying agent-based computing to b2b e-commerce in the circuit board manufacturing sector. We identify critical tasks and opportunities in the b2b e-commerce area where agent-based services can best be deployed.   We describe an implemented agent-based system to facilitate the bidding process for printed circuit board manufacturing and assembly. These activities are taking place within the Internet Commerce for Manufacturing (ICM) project, the NIST-sponsored project working with industry to create an environment where small manufacturers of mechanical and electronic components may participate competitively in virtual enterprises that manufacture printed circuit assemblies.

INTRODUCTION

Agent-based computing is emerging as the next wave in the software development paradigm. The potential benefit of adopting an agent-based approach is to improve the business process and add-value in conducting business-to-business electronic commerce over the web. However, there is a gap between agent community and industry.  The agent community is primarily occupied with agent infrastructure development delivering innovative ways of agent behavior and interactions.   Currently, the community is not devoting significant resources to applying agent technology to industry problems.  The industry, however, lacks experience and expertise to adopt agent technology to solve complex, domain-specific problems.  The purpose of this effort in applying agent technology is to help bridge the gap between agent community and industry.

The work described in this paper investigates agent technology for improving business-to-business (b2b) electronic commerce (EC) and provides technical assistance to the Internet Commerce for Manufacturing (ICM) project in the analysis, design, and development of agent technology for improving supply-chain operations in Printed Circuit Board and Printed Circuit Assembly (PCB/PCA) manufacturing.   

THE ICM PROJECT

The ICM project is a multi-disciplinary effort by the National Institute of Standards and Technology (NIST) involving the Electronics and Electrical Engineering Laboratory (EEEL), Manufacturing Engineering Laboratory (MEL), Manufacturing Extension Partnership (MEP), and Information Technology Laboratory (ITL) organizations at NIST.   The scope of work of ICM includes identifying, integrating, and evaluating existing and emerging standards and standards-based tools into a national testbed supporting electronic commerce in the manufacturing of printed circuit assemblies (PCA) and printed circuit boards (PCB). An objective of the ICM project is to work with industry to create an environment where small manufacturers of mechanical and electronic components may participate competitively in virtual enterprises that manufacture printed circuit assemblies.  The ICM testbed was established to test, evaluate, and demonstrate advanced technologies and standards, particularly web-based solutions, which can enhance business and manufacturing processes. 

Recently, the ICM project has been investigating the potential benefits of adopting an agent-based approach to conducting business-to-business electronic commerce over the web, and the business and technical issues associated with developing such systems. 

SCOPE

 In order to provide a business case for how and where agent-based computing can improve business-to-business electronic commerce functions, we first identify a set of  electronic commerce and manufacturing scenarios where agents can be effectively deployed, such as procurement and supply-chain management operations.  We next define an initial software infrastructure that is open, scalable, component-based, and distributed to support complex EC applications in PCB/PCA manufacturing.  A prototype multi-agent system (MAS) to facilitate the bidding process for printed circuit board assembly (PCB/PCA) is designed and implemented.   In particular, this prototype MAS includes a specialized agent capable of retrieving technical design specification information stored in a standard file format called GenCAM [1].    GenCAM is a Computer-Aided Design (CAD) file specification language being standardized in IPC Consortium.  IPC is the electronics manufacturing industry trade and standards association [2].

Agent Applications in B2B E-commerce for manufacturing
The Internet Commerce for Manufacturing (ICM) project is developing a process-flow model [2], which identifies those internet-facilitated transactions for printed circuit board design, fabrication and assembly.   The model identified the major functions in the PCA production process.  Some of these functions are as follows:

· Board procurement and generation of request for quotes (RFQ) from the original equipment manufacturer (OEM)

· OEM ships the RFQ to a list of approved vendor list (AVL) which referred to as Electronics Manufacturing Service providers (EMSs).

· EMS prepares the bid response by querying the product definition package (PDP) where the PDP contains such items as the bill of material (BOM), the net list, the top assembly drawing, and the PCA design file.

· OEM and EMS often conducts negotiation of terms.

· OEM, if receive several quote, need to evaluate the quotes and select winning bid.

· The PCA assembler, when received the order and PDP, often will perform a manufacturability test and ship the manufacturability report to OEM.

· Engineering change order (ECO) occurs and need to be evaluated and authorized if warranted, to be process similar to an order for a new PCA 

 OPPORTUNITIES FOR AGENT DEPLOYMENT

Agent-based computing can assist in performing a variety of tasks.  For example, agent software is typically applied to searching, discovering and information filtering.  Agent software also has been successfully applied to perform translation and transformation services between human, software, databases, and files in overcoming the limitations of current interface approaches.  Agent research communities are building intelligent agents for performing negotiation, mediation, and brokering services.   Agent technology also encompasses expert systems approaches that can perform complex scheduling, monitoring and alerting type of services. 

There are many potential areas for agent application in manufacturing services.  First, Flexible Customer-to-Supplier Interfaces, points at the opportunity for agent approaches to ‘wrap around’ or completely circumvent the existing form-based interfaces on the Web that have pre-defined syntax, implicit semantics, unpublished interaction protocols and, instead, enable automated, on-demand b2b interface construction.  
Second, Optimized Negotiation of Service Cost and Terms, points to the fact that an expert human is solely responsible to negotiate ‘optimal’ set of terms and costs of service.  This decision making approach requires an expert human, who, often has only a limited view of the business situation and cannot react immediately to new business situations.  Agent approaches carry promise of embedding significant decision making capabilities.

Third, Efficient Intra-Enterprise Technology Adoption and Adaptation, points at the issue that currently, few means exist to accelerate adoption and adaptation of new e-commerce technologies within an enterprise.  An opportunity exists for agent approaches to provide for easier integration with legacy systems through usage of shared languages and ontologies and efficient updates of interaction protocols.  

Fourth, Efficient Engineering Change Order (ECO) Processing, indicates that currently, processing ECOs require each human participant in the engineering and manufacturing process to manually sign-off on the change and to make sure that the change is appropriately reflected in the part of the process for which the human is responsible.  Agent technologies hold potential to make this process much less tedious and error-prone.

Fifth, Efficient Inter-Enterprise Interaction Technology Support, indicates that currently, very few means exist to accelerate adoption of new b2b communication technologies across enterprises so that the enterprises can quickly engage in new inter-enterprise interactions.
The following sections describe an agent-based system developed to address the opportunity to develop flexible customer-to-supplier interfaces.  The system illustrates a potential for agent-based systems to provide an automated b2b interface construction and wrapping of content exchanged among customers and suppliers within a higher-level, agreed-upon protocol.
AN AGENT-BASED PROTOTYPE

A prototype multi-agent system is developed at NIST within the ICM project to demonstrate and test the feasibility of using agent-based computing to support a manufacturing scenario.  This prototype multi-agent system, consisting of a collection of autonomous software agents of specialized expertise is constructed to facilitate the bidding process for PCB/PCA.  It helps the original equipment manufacturer (OEM) to automatically handle the request for quote (RFQ) in interaction with potential bidders called the electronic manufacturing services (EMSs) via internet.  In particular, this agent system makes used of the technical design specifications of the board stored in the standard GenCAM files to provide EMS necessary information for forming a bid.

REQUEST FOR QUOTE SCENARIO
This section describes the RFQ scenario in which the agent system will operate.   After a printed circuit board (PCB) is designed, an OEM may wish it be custom-built.  Typically, the OEM sends “Request For Quote” (RFQ), via the Internet, to board manufacturers (EMS) selected from a list of Approved Vendor List (AVL) to invite them to submit bids for the board (with the required quantity and delivery date specified in the RFQ). OEM and EMS then communicate with each other to negotiate terms of the bid (e.g., price). It is often the case that the EMS needs additional technical information of the board design (e.g., the number of the holes on the board and their diameters, maximum length and width of the board, etc.) from the OEM in order to form a bid. It is assumed that the design specification of the board is already written or partially written in a GenCAM file. GenCAM is a CAD file specification language being standardized in IPC Consortium. It is therefore imperative that the OEM be able to access the GenCam file and properly extract required information from the file, and send it to the EMS. 

Current State of RFQ Process
Figure 1 below depicts a portion of a possible RFQ scenario involving GenCam files.  Many steps listed in the Figure are currently done by humans (managers, specialists). One of the overall objectives of employing the agent system is to automate as many human operations as possible by software agents so that the operation cost and time can be significantly reduced and operation quality improved (reducing human operating errors). 
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Figure 1 – The RFQ Scenario

GenCAM MULTI-AGENT SYSTEM (GCMAS)

GCMAS consists of a collection of autonomous software agents implemented in variety of programming languages, each of which has its own functionality that can be used to realize some operations of the RFQ process. These agents collaborate with each other and with other resources in the system to achieve the common goal, namely to complete the entire RFQ process.

The prototype agent system for RFQ consists of two services agents and three special agents.  The two service agents are:

· Agent Name Server (ANS),

· Broker Agent (BA), 

And the three special agents are:

· Gateway Agent (GA), 

· Web Assistant Agent (WA), and 

· GenCam Specialist Agent (GCA). 

All of these agents (except ANS) and their interrelations and relations to external entities are depicted in Figure 2 below. 
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Figure 2 – GCMAS for GenCam RFQ Scenario
The Agent Naming Service (ANS) maintains an address table of all registered agents, accessible through the agents’ symbolic names.   It serves as the central repository of physical addresses of all agents in the system and provides white pages-like service. A newly created agent must register itself with the ANS with its proposed symbolic name, physical address and possibly other information.

 The Broker Agent (BA) agent serves as a dynamic information hub or switchboard.  It registers services offered and requested by individual agents and dynamically connects available services to requests whenever possible.  

The Gateway Agent (GA) connects the agent system with the rest of the OEM. In particular, it does the following.

1) Receive the “Ship RFQ” from human  

2) Convert “Ship RFQ” to the format suitable to WA and send it to WA for the latter to solicit bids from EMS;

3) Receive the final bids from individual EMS, convert the bids to the format suitable for OEM’s consumption, and then return them to OEM as “Ship Bid”.

This agent can be expanded latter to handle additional tasks such as bid evaluate/selection and negotiation of terms (e.g., prices, delivery dates/quantities).

The Web Assistant Agent (WA) attempts to automate the web operations at the OEM side when the OEM communicates with EMS during the bidding process. It consists of two modules, the agent-based module and the Web-based module. The agent-based module handles all communication tasks with other agents, while the Web-based module handles the internet communication with EMS. The interface between the two modules may be as simple as direct function or methods calls, especially if only one EMS and one RFQ is involved at a given time (i.e., there is only a single communication thread at a time). Otherwise, it may be much more complicated so that multiple communication threads can be handled properly.

The GenCam Agent (GCA) is an information retrieval agent.  PCA design data is organized as a GenCam Object Base (GCOB). A set of access methods (written in Python) is developed to query (and manipulate) these objects. In the initial implementation, the GenCam Specialist Agent, when requested by other agents (say, WA), extracts certain GenCam data by calling some pre-defined methods.  This agent can be expanded later to handle other tasks such as processing complex, compound queries beyond simple invocations of pre-defined methods and realizing certain access control.

The GCMAS software agents communicate with each other using a common representation language called Knowledge Query Manipulation Language (KQML) [4].  KQML is developed by the DARPA Knowledge Sharing Effort.  It is intended to be a high-level language to be used by knowledge-based system to share knowledge at run time.  KQML is a language for programs to use to communicate attitudes about information, such as querying, stating, believing, subscribing, and achieving.  Examples of  KQML’s performatives are “advertise,” “recommend-one,” “ask-one,” “tell,” etc. 

KQML is indifferent to the format of the information itself, thus KQML expressions will often contain sub-expressions in other so-called “content languages.”    The content language for KQML can be any representation language, including languages expressed as ASCII strings or an SQL statement.  This is because KQML implementation ignores the content portion of the message, except to determine where it ends.  For the initial implementation phase of the project, we are using Knowledge Interchange Format (KIF) [5] which is a first-order predicate logic-based representation language. At a later date, the content language could be XML-encoding [6].

Inter-agent communication in the system is supported by Jackal [6], a Java-based agent communication infrastructure developed at University of Maryland Baltimore County (UMBC).  Jackal provides a set of service agents to provide collaboration among the agent community with common ontology.    

CONCLUSION

A prototype multi-agent system has been presented to demonstrate and evaluate the value proposition for deploying agent-based computing to manufacturing applications.  The current state of RFQ process involves many steps that are currently done by humans (managers, specialists).  The prototype agent application scenario consists of, at a minimum, 2 round trip message exchanges between the OEM and EMS using internet,  n accesses to the GenCAM databases where n is the number of queries made by the EMS, and the composition and conversion of RFQ form to OEM internal form.  With the agent-based computing approach, all these can happen automatically without human intervention.
Depending upon the EC readiness of the company, the agent application could save significant operation steps, achieve reduced time to respond to a bid, and, subsequently, reduce cost.  The agent application scenario also points at the potential for reduction of human operating errors, thus improving the quality of overall RFQ bidding process.  Finally, it is easier to add additional services such as evaluation or negotiation of bids, simply by constructing another negotiation agents to the multi-agent system.  

The future work involves clear quantification of the value proposition for saving steps, saving cost, and improved quality.  More work is needed to define metrics and to quantify the intuition that agent-based computing could provide a desirable capability for flexible production information retrieval and supply chain information integration.  Our intent is to work with both the agents community and the potential users among the manufacturing companies to identify these metrics and quantify the intuitions through a collection of case studies.
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