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Supporting decisions in real-time has been the subject of a number of research efforts.  This paper reviews the technology and architecture necessary to create an “autonomic supply chain” for a real time enterprise for supply chain systems.  The technologies weaved together include knowledge-based event managers, intelligent agents, radio frequency identification, database and system integration and enterprise resource planning systems.
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1. Introduction

This chapter provides an overview of decision support applications for real time enterprises and then provides a detailed review of an emerging view of supporting real time supply chain decisions.  The emerging view makes use of a number of technologies, some linked to other previous applications, others not always linked with supporting decisions or decision support systems.  It integrates those technologies into an overall architecture that treats the supply chain as a real time enterprise for which we need to develop an “autonomic” system. The paper also examines the DSS roles of such autonomic systems, which ultimately provide support, despite the substantial capabilities built-into the system architectures.
Accordingly, this paper proceeds as follows.  Section 2 investigates the supply chain and use of different technologies in the supply chain. Section 3 reviews some of the previous research in supporting decisions in real time enterprises.  Section 4 summarizes some of the key technologies supporting supply chain decisions in real time enterprises.  Section 5 drills down on some examples of the use of the autonomic supply chain.  Section 6 briefly summarizes the paper and discusses some extensions and reviews the paper’s contributions.
2. Supply Chains
This section presents some analysis of the importance of supply chains in business and the role of technologies in existing supply chains.  In addition, it presents some empirical evidence that supply chains, in real world settings need additional technology. 

2.1 Importance of Supply Chains

Robert Rodin, former CEO of Marshall Industries noted, “Today business is about my supply chain, vs. your supply chain.”  Accordingly, the very survival of multiple related industries is concentrated in groups of firms competing against other groups of firms.  It is not just one firm against another.  This has been reiterated by others (e.g., SAP 2001).  As a result, members of supply chains need to be able to work together.  Processes and technologies need to be integrated within firms and across firms in the supply chain.  Further, since it is a matter of survival, oftentimes the system must work in real time, thus requiring integrated data and processes that facilitate and enable that real time integration.

In addition, in order for the system to respond to a range of environmental events, the whole system must respond.  As a result, the system needs to be adaptive to events that affect the system.  Accordingly, knowledge about events and how to respond to those events needs to be embedded in the supply chain system.
2.2 Supply Chains Need Technology

From a technology perspective, a first concern is “do existing supply chains see a need for technology to facilitate integration and support of real time decisions making?”  As seen in Table 1, the Aberdeen Group’s (2006) survey of over 150 companies found that only 10% of the firms surveyed felt that they had the right technology in place for the supply chain.
Table 1
Extent to Which Supply Chain Technology Meets Needs

Technology Meets Our Needs





10%

Our Technology Needs Improvement




44%

We Lack the Technology We Need





46%

Source: Aberdeen Group (2006)

For example, we can see that 90% of the firms do not have the technology that they need.  Accordingly, one of the purposes of this paper is to identify the appropriate technologies and outline an architecture that can facilitate a range of technologies that meet supply chain needs.
Aberdeen’s survey was based on a sample of 16% consumer goods and distribution, 15% high tech, 13% apparel, 10% aerospace & defense, and 10%construction/engineering, and included firms from other industries including retail, industrial manufacturing and chemicals/pharmaceuticals.  Roughly 30% of respondents were from enterprises with annual revenues of $1 billion or greater, 48% from enterprises with revenues between $50 million and $999 million, and 22% of respondents were from businesses with annual revenues of less than $50 million.

2.3 Supply Chains as Real Time Enterprises

In a real time supply chain, the supply chain is automated end-to-end so that events can be supported in real time.  Unfortunately, apparently few supply chains are automated to leverage real time capabilities.  For example, the Aberdeen Group (2006) presented results of a survey regarding the extent to which supply chains were automated and integrated.  Those results are summarized in Table 2.  Currently only 6% of supply chains are highly automated.  Virtually all supply chains are fragmented and not integrated at some level.  This means that there is substantial opportunity to evolve those supply chains to include appropriate technologies so that they become real time systems.
Table 2
Technology Maturity in Supply Chains

Highly Automated 







  6%

Some End to End and Cross Functional Process Automation



19%

Department Level Automation






20%

Fragmented IT Approach







29%

Mostly Manual and Spread Sheet Driven





26%

Source: Aberdeen Group (2006)

However, even if the supply chain is automated, what should that supply chain automation look like or how would we expect it to be automated or how might it be automated in the future?  Even if it is automated, how do we ensure that the system is adaptive to the wide range of events that can occur in supply chains?   How can enterprises “see” fragmentation and how can we get rid of fragmentation?  Our next section will examine some of the previous research in real time enterprises to see where opportunities for application exist.
3. Previous Research on Real Time Enterprises
Previous research on supporting decisions in real-time enterprises has focused on many industries and approaches.  The industries provide the basis on which to understand how technology can be leveraged to bring real time decision making to the enterprise.  This section reviews and briefly summarizes some sample applications along with key supporting technologies used in the applications.   This review is focused on those real time applications and their use of technologies, in contrast to, e.g., pricing algorithms, etc., where the dominating concern is economics.  Our concern is with those applications that at some level, technology plays a critical role in the real time aspect of the enterprise.
3.1 Electric Power

Bergey et al. (2003) investigate a system for the electric power districting problem, in order to balance the supply and demand for electricity in real time.  As a result, electricity must be scheduled and dispatched to all of the generators connected to the network in real time.  They propose a solution that allows “visualization” to help decision makers.  Alvarado (2005) investigates the use of a decision support system to facilitate control of power systems using real time pricing for electricity.  By using real time price changes, the plan would be to influence real time electricity use.
3.2 Electronic Markets

Aron et al. (2006) discuss how the use of intelligent agent technologies analyzing real time data in order to help electronic markets evaluate buyers, customize products, and prices in real-time.  Karacapilidis and Moraitis (2001) develop an intelligent agent-based architecture where personal software agents perform buyer and seller tasks in electronic markets and auctions.  
3.3 Health Care

Duda and Heda (2000) investigate business processes in managed health care businesses to attain real time response.  They find that technology integration across multiple databases and systems is a critical part of their design.  Forgionne and Kohli (2000) discuss a decision support system for health care, designed to improve decision making through integration across multiple systems.  They develop a system with integrated databases and intelligent systems used to facilitate decision making.
3.4 Nuclear Power

Papamichical and French (2005) discuss a system designed to operate in real time in the nuclear power industry, in case of radiation accidents, by decreasing the number of alternatives to be considered to a reasonable number.  Using accident-based events, they developed a knowledge-based system based on multi-attribute utility theory, in order to determine how to reduce alternatives and speed solution.  Knowledge about events is generated along with corresponding knowledge about alternatives to help manage the events.
3.5 Telemarketing

Ahn and Ezawa (1997) developed a system based on Bayesian learning that would support real time telemarketing operations.  The intelligent system was designed to support decision making about different kinds of offers to make and whether or not to go to the next customer or promote another product.  That is, knowledge about one event provides insight into a chain of reasoning about the customer.  Again, knowledge about events is captured and used to help manage the process.
3.6 Transportation

Balbo and Pinson (2005) develop a decision support system designed to monitor transportation systems.  If there is a “disturbance” on a public transportation line then the system uses knowledge to follow up on the disturbance as it evolves.  They also propose a multiple intelligent agent – based approach that facilitates disturbance processing.

Beroggi and Wallace (1994) develop a prototype system aimed to facilitate real time control of the transportation of hazardous materials.  Their system was designed to support risk assessment and route guidance for safety and cost, using a hypertext tool that allowed capture and reuse of knowledge.  They were concerned about communication of location types of information using hypertext.  Such an approach can facilitate visualization, and management of knowledge about key events.
3.7 Supply Chain

Supply chain is a rapidly emerging and new application area for real time systems.  Kimbrough et al. (2002) were among the first to use intelligent agents to model the supply chain.  Babaioff and Walsh (2005)examined the use of intelligent agents to facilitate auction-based choices.  Liu et al. (forthcoming 2007) have modeled event management for the supply chain.  Yao et al. (2007) examined key parameters associated with supply chain process integration associated with issues such as vendor managed inventory.
3.8 Summary of Selected Research
A summary of this research is seen in table 3.  As seen in these many applications, a broad base of technologies has been analyzed in previous research, from many industries in an attempt to facilitate decision making in a real time enterprise.  At the heart of many of these applications are intelligent systems and integration across multiple databases and systems.  Further, the notion of knowledge-base event or disturbance processing is consistent with having a system that responds to a set of events that can influence or disrupt the supply chain.  For all intents and purposes, many of the systems contain knowledge-based “event managers,” that monitor and respond to events or sets of events, using knowledge with which they have been provided.  Those event managers have been referred to as intelligent agents and event managers.  Because their purpose is to manage events we will continue to refer to them as event managers.  
This summary illustrates some limitations of the previous literature.  First, in earlier applications there apparently was limited need to gather data and control individual objects.  That is not the case in the supply chain where information about many different objects can be used to facilitate and control the supply chain.  As a result, object identification becomes an important issue.  Second, each of the applications was in a single industry, as a result, there was limited need for integration.  Since these previous real time applications employ these technology approaches, the real time enterprise supply chain architecture discussed here also will employ many of these same technologies.  Third, at least in the literature examined here, visualization has received at most limited attention.  However, technologies such as object identification and real-time data facilitate visualization to aid people’s use of the overall systems.  Ultimately, this whole collection of technologies will be assembled for development of “autonomic supply chains.”
Table 3
Summary of Selected Research
	 Industry
	Real-Time Data
	Object Identification
	Visualization
	System/ Process Integration
	Intelligent Agents
	Event Managers

	Electric Power
	X
	 
	X
	 
	 
	 

	Electronic Markets
	X
	 
	 
	 
	X
	 

	Health Care
	X
	 
	 
	X
	X
	 

	Nuclear Power
	X
	 
	 
	 
	 
	X

	Telemarketing
	 
	 
	 
	 
	 
	X

	Transportation
	X
	 
	 
	 
	X
	X

	Supply Chain
	 
	X
	 
	X
	X
	X


4. Technology to Support Supply Chain Decisions: Autonomic Supply Chains 

As seen in the review of the literature a number of technologies have been employed in developing real time enterprises.  Similarly, a broad range of information technologies can be used to facilitate decision support in real time enterprises for the supply chain.  Although the term “autonomic supply chain” has received attention (e.g., Gill 2003 and Grosson 2004), there is limited research establishing what constitutes the concept.  In order for the supply chain to attain a level of autonomy to provide a high level of support, data and processes across different partners in the supply chain must be able to be integrated.  Further, in order to provide data about the flow of individual objects through the supply chain, a technology such as RFID is needed.   These technologies are summarized in the following table.  Ultimately, the basis for the choice of these technologies is generated by the notion of “autonomic computing” in the supply chain (table 4).
Table 4

Autonomic Supply Chain  and Technology Components

	Autonomic Systems
	Technology

	
	

	Real Time Supply Chain Data
	ERP

	Real Time Object Identification
	RFID

	Real Time "Seeing" the Data and Supply Chain
	Visualization

	Real Time Integration of Data and Processes
	XML/EDI

	Real Time Decision Making
	Intelligent Agents

	Real Time Event Monitoring
	Event Managers


4.1 Autonomic Systems
The overriding structure for the real time enterprise supply chain architecture used in this paper is “autonomic computing.” The term “autonomic” derives from the body’s autonomic nervous systems, so systems can work by themselves, as the nervous system does without conscious human intervention.  The notion of “autonomic computing” originally was proposed so that computers could be more independent and intelligent, operating with minimal human interaction (http://www.research.ibm.com/autonomic/).  Initially, it appears that the focus of such systems was on large mainframe systems and then later, networks.  IBM, Siemens, Cisco and other firms have argued that computing systems need to be more autonomic, so that systems can fend for themselves, rather than requiring substantial human direction.  Substantial human intervention is too costly and too slow.
When we translate the notions of “autonomic computing” to “autonomic supply chains,” this requires a number of elements in order to be executed in a supply chain environment, including the following abilities:
· to get data in real time to facilitate decision making,
· for objects being processed by the system to provide information to the systems, 
· allow humans to visualize the system in order to help them reduce complexity,

· to integrate across different systems so that the systems can work together, 
· to operate intelligently, in numerous simultaneous settings that occur in supply chains, and
· to monitor its own operation and decide what to do if particular pre-specified events occur.
We will examine each of these components as part of generating the overall system architecture.

4.2 Real Time Data Generation: ERP Systems 

Real time data for autonomic systems means real time data throughout.  Much of the supply chain data ultimately is captured using the enterprise resource planning (ERP) system.  Accordingly, ERP systems are at the center of much of the real time data generation for decision making.  For example, key data generated or maintained for the supply chain in the ERP system are qualified vendor lists, orders, goods received given the orders, transportation vendors, etc.  Holsapple and Sena (2005) have discussed some of the relationships between ERP and decision support.  
Ultimately, that data, updated in real time is the basis of planning in both the enterprise and the supply chain.  Oftentimes there is a “sharing” of ERP data to facilitate data exchange.  That sharing often occurs by making the data available to others in the supply chain through a data warehouse, accessible from the Internet.  For example, retailers can make sales data available to vendors so that the vendors can use that data for planning or management of the inventory.  The need for data exchange leads to the integration of data and processes among supply chain organizations.
However, real time data from sources other than the ERP system may be necessary.  One of the primary sources of real time data is individual object identification information, including RFID.
4.3 Real Time Object Identification: RFID (Radio Frequency Identification)

Radio frequency identification (RFID) allows enterprises to uniquely identify and track supply chain objects at different levels, including train cars, trucks, pallets, cases, or even individual product items.  RFID provides a unique identifier for whatever the tag is attached to or embedded within, in real time.  Readers at garage doors determine when a truck enters or leaves the garage.  Readers at the rear of a truck can capture movement of goods onto or off of a truck, depending on the object of interest. 
Two retail leaders in the use of RFID in the supply chain are Wal-Mart and Metro.  The extent to which they have embedded RFID into their supply chains is summarized in table 5.  RFID participants include the suppliers, the stores and the stores distribution centers.  As a result, the location and passage of RFID objects can be traced throughout the entire supply chain.   Some retailers, including Tesco (Nielsen 2005) have had difficulties, limiting their ability to implement RFID.

Table 5
Extent to which RFID is Embedded in Supply Chain by Two Large Retailers

Company/Date
RFID Enabled 

RFID Enabled 

RFID Enabled

Suppliers

Stores


 Distribution Centers

Wal-Marta (April 2006)
300


500


 5

Metrob
(August 2005)
  33


  13


 9



Footnotes for table

a- Haskins (2006)

b- Ton et al. (2005)

Accordingly, based on their presence or lack of presence, RFID tags can be used to find what ever has been labeled using RFID at different points in the supply chain.  This can lead to minimizing misplaced inventory, and the corresponding lost sales, etc. that accompany that inventory as it sits, lost, covered and unused in storage.  RFID can also be used to minimize leakage of goods.

Most RFID tags are passive.  As a result, in general, they have no power source, and limited range, but a unique identifying code.  However, because of the unique identifier, passive RFID allows the objects that they embed to become “responsive.”  The tagged goods will not be intelligent per se, however, when queried they can account for their presence.  Object responsiveness is critical for an autonomic supply chain. 

In contrast to passive tags, there are active tags that have their own power source, and longer range, but are larger and more expensive.  Rather than just being “responsive,” active tags can facilitate “intelligence,” since each object can interact with other objects.  For example, different chemicals that are tagged can respond to each other, to note, for example, that they could spontaneously combust or that the goods they carry have “expired.”  Intelligent tags also can keep a history of events faced by the object, for example, temperature changes, thus facilitating intelligence at the object level.  Even knowledge based systems can be generated and used at the specific object level.

In an autonomic supply chain either “responsive” or “intelligent” objects meet the needs of being able to have objects in the system provide information back to the system.  In some applications, more intelligent objects can be more “helpful” than others (e.g., if they could spontaneously combust).  However, in most applications, “responsiveness” is likely to be sufficient.  Although this section has focused on RFID, other technologies, such as satellite communications, also are emerging for object identification.

4.4 Real-Time “Seeing” the Data and Supply Chain: Visualization

Individual object identification (e.g., RFID) can facilitate visualization, which can be used to address complexity that comes with multiple agent systems.  As a result of the ability to keep track of individual items, visibility of the goods is strengthened.  So much so that in one discussion, the CEO of a company noted (Rhode 2004), “I can actually sit in my office and follow where all of the pallets are going.”  Whether or not the CEO should be concerned about specific pallets is another issue, but we can see that RFID can definitely facilitate visibility.  Further, this technology is consistent with previous research in real time systems that promotes “visualization” – maps of the flow of goods marked with RFID can be used to determine where bottle necks are slowing processes.  In so doing they can determine where bottlenecks are and work to mitigate them in real time.  
4.5 Real-Time Integration of Data and Processes: EDI and XML
Supply chains cross many boundaries, both inter and intra firm.  Accordingly, information must cross those same boundaries, systems must to talk to systems and processes must be integrated across those boundaries.  Further, in order for data flow to occur in real time, systems must be integrated.
Beyond allowing access of others to internal systems, such as data warehouses, there are a number of technologies that can be used to facilitate system to system integration.  Historically, large firms have counted on electronic data interchange (EDI) using value added networks (VANs), pricing smaller firms out of the possibility of EDI integration.  However (Hamblen 2002), recently Wal-Mart adopted Internet-based EDI, with software costing potential integration partners only $300 per year, making data integration a cost effective capability.
Extensible mark-up language (XML) offers another technological capability to facilitate data integration.  XML does not require classic value added networks that were used to support EDI.  Further, there is substantial flexibility in the definition of XML standards, since XML does not specify the semantic content of data exchanged.   In addition, although EDI is more batch focused, XML is more amenable to facilitating real time interactions, and companies can continually go back and forth with XML conversations.

However, critical to XML use is the development of semantic standards that can be used across the supply chain or industry.  Meta data management at the enterprise, supply chain and industry level is required.  Common definitions must be created so that XML-based exchanges result in real information exchanges.
However, data integration is only part of the story.  In addition, processes need to become integrated and managed.  For example, RosettaNet (http://www.rosettanet.org/Rosettanet/Public/PublicHomePage) provides a set of standards designed to facilitate exchange of process information along the supply chain.  
For the semi conductor industry, RosettaNet defines about 1000 dictionary items defining different product types, ultimately laying out a semantic map of the products so that user’s systems can talk the same “language.”  RosettaNet also defines PIP (Partner Interface Processes).  PIPs are XML-based system to system dialogs that define data exchange between partners.  They also have over 100 different PIPs defined, that standardizes or plans to standardize the exchange of information between different members of the supply chain.  PIPs don’t really care about processes leading up to the exchange, as long as that data exchange continues.  However, data exchange and process impact are laid out with the exchange.  Although RosettaNet is for the semiconductor industry and not appropriate for the other industries, the same conceptual approach would be appropriate, providing standard information exchanges across the supply chain.
In the retail supply chain, Procter & Gamble also uses XML and EDI to accept invoices for payment (http://www.pgsupplier.com/AP_General_Information.htm), however, they prefer a change in the overall process of invoices.  In particular, they prefer to either pay off their invoices based on computing the amount of the inventory they have used or the amount of inventory that they receive, speeding the process even more.  This illustrates that in some situations, processes, along with technology can drive the change.  However, technology must accommodate the exchange of information and integration of processes.
4.6 Real-Time Decision Making: Intelligent Agents

One of the ways to make systems autonomic is to employ intelligent agents to perform many of the system tasks.  But an even more important factor leading to the use of intelligent agents is simply the sheer number of activities happening at any one time and the number of items in play in the supply chain.  For example, when Gillette announced that it was going to use RFID, they purchased 500,000,000 tags (Schwartz 2003).  Humans cannot keep track of 500,000,000 different items, so necessarily, intelligent computer agents are required.

Using intelligent agents in the supply chain is not a far fetched tale for the “real world.”  For example, as discussed in Thomas (2002), SAP, the large ERP software vendor is pursuing the use of intelligent agents: “SAP announced the enhancement of … (its supply chain management software) through the use of new intelligent agent technology.”  SAP (2001) further notes that 
… intelligent agents will automatically trigger a variety of problem resolution techniques resulting in the optimization of the adaptive supply network. Intelligent agents are the next stage of adaptive planning and execution. … The ultimate goal is to create a truly adaptive supply network that can sense and respond to rapidly evolving conditions so that partners can intelligently cooperate to keep demand and supply in close alignment and efficiently coordinate the fulfillment process.  We believe that intelligent agents will be key to resolving the increasing challenges companies are faced with in participating and managing global adaptive supply networks.
Intelligent agents can be used to provide a number of capabilities to the supply chain.  Cisco Systems was one of the first firms to adopt the use of intelligent agents in the supply chain, employing intelligent agents in a number of supply chain activiites (Cisco Systems, no date):

· Configuration Agents – Verify Configurations

· Pricing Agents – Search for Product Prices

· Lead Time Agent – Check Lead Times

· Order Status Agent – Monitor the Status of Orders
· Invoice Agent – View Invoices, Credit Memos and Debit Memos
· Orders Extract Agent – Take order information at Cisco and download it for local use

Intelligent agents also could be employed in circumstances similar to those of other real time enterprise applications.   For example, intelligent agents could be used in bids to determine where goods might be manufactured.  Further, intelligent agents could be used to schedule production activity or transportation activity.

4.7 Real-Time Event Monitoring: Event Managers

As with applications in other real time systems, such as traffic or nuclear power, supply chain systems need to define events that can happen and how to manage the supply chain if those events do happen.  For example, if a supplier can not provide a particular shipment of raw materials, what should happen?  In this case, we might have an intelligent agent that is notified and that agent takes responsibility for choosing another supplier.  As another example, if there is a weather event, and a shipment is interrupted, what should happen?  In this case, an intelligent agent can be charged with finding another supplier or another approach to shipment or possibly contacting another intelligent agent that might try to rearrange the production at a particular facility in order to accommodate a late shipment.
Using a knowledge base, event managers can be established for not just independent events, but also chains of events.  For example, if a weather event occurs interrupting a shipment, then that triggers a sequence of other events.  The event manager can be built to include knowledge about those chains, and sets of dependent events, not just independent events.  Event managers generally are intelligent agents that are designed to process streams of events.
Event management allows for development of a system that will be adaptive to the events happening in the world around it.  However, it can only be as adaptive as the event list knowledge and contingencies that are captured and maintained in it.  Organizational and supply chain knowledge is captured and used to understand what to do in case of each of the contingent events or sets of events.   For an autonomic system creating a knowledge base of events and the contingencies associated with each of those events is a critical step that enables the system to be autonomic. 

Research is beginning to be focused on event management.  For example, Lui et al. (2007) propose using a petri net approach to model a real time event supply chain.
4.8 Autonomic Supply Chain Architecture: Summary
These technologies are brought together under the label of autonomic supply systems for the real time enterprise.  ERP systems provide a central source of data for the system.  XML and PIPs (and equivalents) are used to integrate data flows across the multiple actors.  RFID is used to attach a unique identification to each object so that it can be followed throughout its life in the supply chain.  RFID can be attached to virtually all objects of interest in the supply chain: Trucks, pallets, cases, and items.  RFID can be used to facilitate visualization and responsiveness.  Intelligent agents gather and process information about the objects so the system can be autonomous.  Intelligent agents are linked to the knowledge-based event manager that helps the system respond to changes and perturbations in the environment.  Event managers capture knowledge about contingent events and event sets, and use that knowledge to help manage the system in real time in response to events that occur.  This architecture is summarized in figure 1.
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Figure 1 – Autonomic Supply System Architecture
Although the focus of autonomic systems is on working autonomously, the systems still need and provide the basis for supporting supply chain decisions.  Visualization allows users to see build-ups of product in bottlenecks, and other types of problems.  Intelligent agents inform the users of problems and potential solutions, and help the system respond to problems that are encountered.  Event managers provide information about discrete events and potential solutions, and inform users about event disruptions that require intervention.  However, the huge magnitude of millions of objects interacting, and the requirement that the system function in real-time, requires a certain extent of autonomy.
5. Supply Chain Monitoring and Management: Examples
The purpose of this section is to illustrate the use of the autonomic supply chain with some extrapolated example applications of support from such systems.
5.1 Example: The Case of Procter & Gamble
Procter & Gamble has generated a vision into what they think the supply chain systems that are designed to support decisions will look like.  This section briefly summarizes and extends that example vision as discussed in Anthes (2003).
The example starts in 2008, where Procter & Gamble has plans to shorten the replenishment cycle for a box of detergent to one day, from four months.  Whether or not that cycle actually goes to a single day is not the issue.  Although such a radical change may not occur by 2008, even if the cycle can become a week or two that is a huge change in the way that they will do business, and the corresponding inventory in the supply chain.

In 2008, Procter & Gamble will have a number of highly flexible production facilities that have rapid turnaround capabilities.  DSS will support the decision for where goods will be produced. In particular, intelligent software agents will help determine what is produced in those facilities and help facilitate supplying those facilities.  Intelligent agents will bid for different jobs, based on production facility’s current loads and future loads to which they have committed.  Computer-based agent bidding should speed the production allocation process.

Event managers will monitor data on a wide range of different events.  For example, intelligent agents will monitor conditions so that if supplies are delayed due to weather or traffic or major strikes or other causes, the agents will be able to create alternative delivery schedules to ensure that the production facilities get the appropriate supplies in sufficient quantities.   Event managers will monitor that flow of event information and help determine what needs to be done in response to those events.  Humans will facilitate solutions to anomalies.
In the long run, Procter and Gamble anticipates that RFID will be embedded on trucks, pallets, cases and at the individual item level. Data will be integrated along the entire supply chain allowing true vendor managed inventory.  Goods will become “responsive” and unique objects.  Thus, it will be possible to easily determine the location of particular goods in the supply chain.  As a result, the distribution chain through to stores will provide Procter & Gamble with substantial real time information about movement and sales of goods sent them.  For example, Procter & Gamble might track how long goods stay in the back room or on the selling floor.  When goods are sold, Procter & Gamble will know about it in real time so that they will be able to track their sales over time.  Shelves will become intelligent and ultimately report their needs directly back to Procter & Gamble.  They will be able to monitor the goods on them and track when the shelves need to be replenished.  When the number of units becomes small enough the shelves can request replenishment to the back room, the warehouse or even Procter & Gamble. Procter & Gamble will know which retailers have the lowest inventories and which retailers will need immediate inventory replenishment.  Accordingly, as the goods are produced, Procter & Gamble will dispatch the shipments to those customers where the inventories are low, and they will know how much to produce. As a result, stores will increasingly become “smart stores” and the supply chain will become “autonomic.”
Because a range of objects will be embedded with RFID, visualization will be able to be used to “see” where those objects are and manage accordingly.  Accordingly, tagging and visualization will eliminate many information asymmetries in the supply chain.
In such a vision, objects become responsive, shelves become intelligent, stores become smart, and the entire supply chain together becomes responsive to the environmental strains put upon it, in order to create an autonomic supply chain.

5.2 Example: Tainted Dog Food and Spinach

In late 2006 and early 2007 there were at least two incidents of problems with products in the food supply chain.  Apparently tainted ingredients in dog food poisoned and killed a number of dogs, while tainted spinach apparently made a number of people in the United States and Canada sick.  How might an autonomic supply chain support mitigating those problems?
The ERP system would provide order and shipment information relating to the particular vendors that were responsible for the tainted goods.  Given identification of a particular batch of tainted goods, RFID could help us to determine the specific vendor or shipments that were affected.  Further, with RFID information, any other shipments from identified vendors could be rapidly found and examined.  Data about vendors and shipments on a map would greatly facilitate visualization of the flow of tainted goods, allowing us to trace back to the source or sources.  Accordingly, integrated data would allow us to rapidly gather data from multiple sources to facilitate the generation of data for visualization.  Event managers could lay out steps necessary to respond to receiving tainted goods.  For example, they could indicate the need to contact the authorities, allow the search for alternative sources of goods and any other activities that would need to be pursued.  
6. Summary and Extensions
This paper has summarized some of the applications illustrating decision support for real time enterprises.  In addition, it has also laid out an architecture for an autonomic system approach to supply chains.  In order to have a system that can act on its own requires substantial ground work.  In the architecture described here, we have multiple integrated systems, with integration across organizational lines to include processes.  In addition, we have intelligence built into the system in a number of places.  Using RFID, objects can be “intelligent,” and at a minimum, “responsive.”   Further, intelligent agents acting autonomously can perform specific duties assigned to them.  Finally, event managers can coordinate the overall system in response to particular events.  Knowledge about a wide range of events is built into the event manager who is responsible for marshalling resources to solve particular problems to help the system adapt to requirements placed on it.  Visualization technologies that allow tracing the location of different objects can play a key role of assisting people “see” where problems are located to facilitate attention.
6.1 Extensions

How can the discussion in this paper be extended?  First, the set of technologies reviewed might be extended within categories.  For example, object identification could be extended from RFID to include satellite-based technologies that are more broadly accessible from longer distances.  Second, additional categories of technologies might be included beyond those of visualization, integration, real time data, intelligent agents and event data and managers.  For example, organizational simulation models might be added to facilitate problem analysis and solution.   Third, the architecture presented here is more aimed at generating data and running a supply chain on a day-to-day basis.  In addition, there could be a focus on simulating the supply chain to understand what could and most likely will happen.  For example, so-called “mirror worlds” provide the opportunity to model organizations and anticipate the future (Gelentner 1992).  Perhaps the supply chain could be a good domain for a mirror world application.  Fourth, in order to have information all along the supply chain, there must be information sharing.  Unfortunately, there are more than just technical issues associated with information sharing, such as trust, etc. (e.g., Li and Lin 2006) as noted earlier.
6.2 Organizational Issues2
The scope of this paper has been to generate a technological architecture for an autonomous supply chain to facilitate the real time enterprise.  However, making a supply chain work ultimately requires more than just a strong technological structure.   Over the years many frameworks have been provided to analyze the successful use of technologies have been generated and technologies.   For example, Bradach (1996) discusses the well-known “7 S’s,” development by Waterman et al. (1980).  Strategy, structure, systems, style, skills, staff, and shared values need to be aligned with any technology implementation.  Ignoring any one of them can lead to a solution that will not work.  Again, “systems” are only one of the 7 S’s.  Other models also could be used to elicit other factors, including Pfeffer (1994).

Further as we expand to supply chain issues with multiple interacting partners, other issues such as incentives and trust become important.  If supply chain partners do not trust each other then the most basic integration and real time data flows become problematic.  If partners have no incentives to bring their technology in concert with others in the supply chain, then the rest of the supply chain will suffer.
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