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In this chapter, I survey recent developments in supply relationships that have been 

designed to exploit technology. Firms are now in a position to more tightly link themselves with other firms through their use of supply chains in order to attain greater efficiencies.
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1 Introduction

Supply chain processes and relationships increasingly are designed to exploit changes in technology. The purpose of this paper is to summarize some of the changes that have taken place in those processes and relationships. Changing supply chain processes have evolved from classical paper-based systems and documents, towards reengineered processes that involve electronic capture and transmission of less document information. Supply chain relationships have evolved from loosely coupled relationships into virtual organization, coupled with integrated enterprise resource planning systems.

     In particular, this paper elicits a number of specific changes in supply chain processes that have been designed to speed transaction and improve the quality of information, including,

· Electronic data interchange to facilitate speed and quality of information interchange,
· Gathering information directly from the source, rather than have one accountant talk to another,

· Suppliers determining order quantities and order items for buyers,

· Elimination of invoices saving administrative work,

· Using barcoded labels to help eliminate invoices and facilitate improved quality of information,

· Automating the matching of goods ordered and received,

· Developing different payments triggers, such as paying for inventory when received or used.

Further, supply chain relationships have changed to accommodate changes in technology and changes in reengineered processes:

· Firms interfacing enterprise resource planning systems to facilitate inter-organization interchange and access to information, and 

· Firms developing virtual organizations through integration of their supply chains.

2 Supply Chains

At the simplest level the supply chain consists of a single link between a supplier and a buyer, for example, where a supplier provides good to a retailer. In more complex settings there can be multiple interlinking chains, with both extended supply chains into suppliers and out of the buyers, where buyer and sellers role become intermediary roles. In addition, there can be multiple inputs to any buyer or multiple outputs from any seller.

2.1 Sources of Costs in the Supply Chain

There are primary sets of costs in any supply chain: inventory; administrative and information flows; and production and transportation costs. Supply chains are beginning to address issues such as immunization of these costs across the supply chain.

     Inventory: Supply chains are linked by common, often conflicting, interests of getting products to customers in order to meet demand and yet a desire to limit inventory, ultimately system-wide.
Guessing consumer demand is a little like forecasting the weather. So manufactures and retailers usually build up inventories to make up for the imperfections in their predictions. But inventory costs money. Stockpiles take up space, and companies have to pay people to do something as routine as to moving them to one side of the warehouse from another. What’s more they tie up cash that companies could be using for things like splashy marketing and dreaming up new products. (Brownlee, p. r12  1996)

Administrative Costs and Information Flows: In order to control inventory and respond to customer demand, supply chains are linked together through flows of information regarding the purchase and sale of goods. That information is communicated either on paper or electronically on a number of documents. Administrative systems have been built up to process these information flows. In many cases, administrative activities can be shifted from buyer to seller and seller to buyer in the supply chain. However, with a shift of activities there is generally a shift of administrative costs from one party to the other. In some cases, these shifts in administrative costs results in changes in other costs, such as production or transportation costs.

       Production and Transportation Costs: The third category of costs in the supply chain are production and transportation costs. In supply chains, we will see a supplier take on additional administrative costs from the buyer, in order to smooth and/or decrease its production and transportation costs, while decreasing its cycle time.

3 Communication Processes

Classic communication between supplier and buyer was done using paper-based systems. Increasingly, those paper-based processes are being replaced using electronic data interchange (EDI).

3.1 Classic Paper Based Systems

Classic supply chain system documents are paper-based, with a number of inherent limitations. Documents are used to create other documents. As a result, the probability of an error increases as information is transcribed from one document to another. Further, some of the developers of documents and some environment, e.g., loading docks, are seen as having limited reliability. Although, paper documents can be inputted to a computer-based environment, development and data entry of document information requires multiple transcriptions of the data. As a result, such processes can result in the introduction of additional errors into the systems. Paper-based systems also are dependent on ensuring that all appropriate departments get copies of the documents necessary to do their job. If even a small percentage of those documents get lost or misplaced there can be gaps in the systems and orders can go unfilled.

3.2 Electronic Data Interchange

Electronic data interchange is the electronic transmission of data in standard format.

Typically it takes the form of particular documents such as purchase orders or invoices. When compared to paper, EDI can have a substantial impact on the costs.

RJR Nabisco estimates that the cost of processing a paper-based purchase order is $70, whereas the same transaction performed through EDI costs less than $1. (Millman, 1998, p. 83)
Differences in costs arise for a number of reasons. EDI documents only need be entered one time, thus cutting down on administrative costs and costs due to errors. EDI transactions typically originate from reliable sources and locations. Accordingly, in general, EDI transaction have greater source reliability than many paper processes. Since EDI is in electronic format, EDI transaction can be made accessible to a range of users simultaneously through use of an integrated database system. With access to an integrated database system there is no need to ensure that a paper copy is available at appropriate locations.

Historically, EDI-based systems can require substantial expense. In part, the expenses of  operating an EDI system drive from use of costly value added networks (VANs). However, with advent of the internet, the underlying cost structure may be changing. For example, for EDI over the internet, in some settings, according to Cone(1998, p. 107) small suppliers can get into EDI for well under $1000.

4 Purchase Order Processes  

There have been two trends facilitating reengineering of purchase order processes, changing how the information is gathered and changing who originates the order.

4.1 Purchase Order Processes

Typically, purchase orders originate when an ordering department indicates that there is a need for some goods to be purchased, e.g., to be used in a production process. Generally, the ordering department is responsible for choosing the amount of goods to be ordered, when they are needed, etc., based on their assessment of their particular needs. The internal order is copied onto a purchase order from which establishes the legal contract between the supplier and the buyer. A copy of the purchase order is kept in purchasing, one is sent to the ordering department, one is sent to accounts payable, one is sent to the receiving dock and two are sent to the buyer. Of those two sent to the buyer, one is signed and returned to the supplier indicating acceptance of the contract.
4.2 Reengineering How Purchase Order Information Is Captured
For computer-based systems, order information can be captured in paper form and then placed into the computer (as in a classic paper-based process), or it can be directly input into the computer by the purchasing department, gathering the information directly from the source. Unfortunately, the more times that any data is handled the higher the probability of an error. As a result, information generally has a higher quality if information is directly gathered from the source. Accordingly, origination of purchase orders can be reengineered by directly inputting information into electronic form rather than cascading through paper and into electronic format.

4.3 Which Company “Write” the Purchase Order and “Determines” Quantity?
In classic systems the ordering company determines the order information, writes the order and then sends the order to the supplier. Unfortunately, ordering departments vary in their quality of being able to access the need and timing of goods. However, determining order quantity is a decision that affects both the ordering and supplying company. If goods are not on the shelf then consumers cannot buy them hurting both supplier and retailer. Further, unfortunately, different potential ordering departments may have limited understanding of purchasing, including what to purchase and how to purchase. Accordingly, in some situations the suppliers may better understand consumer needs and thus be in a better position to write the purchase order and choose what and how much should be ordered. In other settings, buyers wish to shift administrative costs out to sellers. As a result, there has been a shift of generation of some purchase orders from particular buyers to suppliers.
In order for suppliers to make such decisions they need information on sales. At least two arrangement have found use in order to provide suppliers with that information. First, information on shipments from warehouses was sent to suppliers to facilitate their determination of orders. However, there is a lag between actual customer demand at the retail level and new shipments from stores to warehouses. Further, those delays are not under the control of the supplier, since they are a function of the buyer’s systems. Second, information on actual customer purchases from the retail stores also have been used to facilitate determination of orders. Generally, suppliers prefer this data since it is not delayed or messaged by buyer systems. Accordingly, it allows direct development of “better” order.

In addition, suppliers like to be in a position of determining orders since that information can be used to smooth supplier production and transportation needs. As a result, the supplier trades off potentially increased administrative requirements for the ability to reduce its costs in other areas.

5 Receiving Documents 
Information about receiving goods from buyers is captured in the receiving memorandum. Technology provides a tool to facilitate reengineering of receiving memorandums using scanning.

5.1 Receiving Memorandums
When the goods are received they are examined at the receiving dock and the quantity received is recorded. Receiving information is entered on a receiving memorandum. If there is a purchase order system, then when the goods are received the personnel on the loading dock check to ensure that goods are received have been ordered by consulting their copy of the particular purchase order. A copy of the receiving memorandum is kept in receiving and a copy is sent to the accounts payable department, indicating that goods can be paid for because they have been received.
Unfortunately, loading docks are not seen as the most reliable source of information. Weather conditions, employee capabilities, employee interests and other factors can have a negative influence on the quality of the information about arriving goods. As a result, accounting processes typically require invoices, in part to confirm what was shipped from supply chain partners.
5.2 Reengineering Receiving Memorandums

However, as an alternative to having the loading dock prepare a receiving memorandum, shipments can be accompanied by bar code tags, originating from the vendor, that contains information as to who shipped the goods, what goods are contained in the shipment, how much was shipped, etc. those tags can then be scanned by dock workers with the result that the bar coded information is then directly captured in electronic format. Adopting use of the bar codes and scanning technology releases some of the concern for reliability of dock workers processing information. In addition, bar codes can effectively replace invoice information, offering a more timely multiuse source of information. Bar coded tags that accompany shipments offer an approach to communicating information about the shipment that is fast and provides quality less costly information flows.
6 Invoice Processes

One of the parameter in the design of supply chain management is the invoice process. An important way of redesigning is to actually remove invoices from supply chain systems.

6.1 Invoices
Invoices typically are sent after the goods are sent. Generally, one invoice is generated for each shipment. At the receiving company, after receipt of the invoice, the invoice is matched with the purchase order and receiving memorandum to make sure that the company is being billed for the goods that it ordered and received.
    Invoices differ from the purchase order and receiving memorandum (both generated internally), because they provide external evidence of the purchase. As a result, one of the primary forces for keeping invoices are those concerned with classic internal controls, such as the internal or external auditor. In some countries the concern for control afforded by invoices is embedded in the law, e.g., Belgium, by requiring that invoices be issued for purchases.

6.2 Reengineering Invoice Processes
Since the generation of any documents can result in errors, the more documents that are generated the higher the number of errors. As a result, in general, the more invoices, the more errors on the invoices and the more errors in matching. Further, if there are many invoices then those invoices are likely to be distributed over time, with some arriving sooner, rather than later. Thus, the number of invoices can interfere with timely and quality processing. In addition, generating and processing invoices has a large administrative cost, typically measured on a per invoice basis. As a result, one approach to potential decreasing administrative costs is to decrease the number of invoices generated or received. Accordingly, reengineering of invoice process have focused on reducing the number of invoices.

Single Invoice: Processing a lot of invoices is expensive. As a result, some companies, such as K-Mart have begun to have their suppliers provide them with a single invoice covering all the purchases made from all branches of supplier. This approach results in a shift of administrative costs from the buyer to the supplier. By requiring the supplier to put all purchases on a single invoice the buyer cuts down on buyer’s matching processes, and as a result on its own administrative costs. However, requiring a supplier to put all information on a single invoice makes substantial requirement of the supplier’s information systems. In particular, the supplier’s systems now need to provide summarized information rather than individual purchase order transaction. Summarization processes can generate errors. As a result, supplier systems have to be constructed so that they facilitate the ability to generate a single invoice.

No Invoices: Invoices are not really needed if all other systems work the way they are supposed to. If the supplier sends what is on the purchase order and if transportation works as it is supposed to then the purchase order and the receiving order quantities will be the same. As a result, the invoice should only contain redundant information. In addition, if the goods are accompanied by a coded summary of the goods, then that information can substitute as the invoice. Accordingly, for either or both goods, then that information can substitute as the invoice. Accordingly, for either or both reasons, some companies such as Ford have eliminated the use of invoices (Hammer 1990).
7 How Can “Matching” be Reengineered? 

Prior to payment, the appropriate documents are matched, in order to ensure that payment is for what was ordered and received. Matching provides a control over supply chain transactions.

7.1 Matching Purchase Order, Receiving Memorandum and Invoice 
Administratively, the accounts payable department typically is responsible for matching each invoice with its corresponding purchase order and the receiving memorandum generated with the receipt of the goods. If the information is the same on all three documents then the documents are matched and the invoice is paid. If the information is not the same then any anomalies must be corrected or accounted for before the bill is paid.

7.2 Reengineering the Matching Process

Costs associated with the matching process are dependent on the number of documents being matched, with some predictable tendencies:

· The more paper the higher the probability of an error.

· The more documents the higher costs of matching

· The more waiting the higher the probability of a lost document or error in information

As a result, reengineering the matching process has taken three directions. First, the matching process is designed to use electronic-based information. Accordingly this requires the reengineering of the purchasing process: directly entering information from purchasing; scanning receiving information; using EDI to communicate invoice information. Second, the number of items being matched has been reduced at firms such as Ford (Hammer 1990). Rather than matching the purchase order, the receiving memorandum and the invoice, only the first two are matched. The invoice is not included since the information on the invoice should be redundant. Third, since there are a reduced number of documents to match, it is easier to build a system to automate the process. The role of humans becomes one of resolving anomalies.

8 Payment
Payment is triggered by document flows in classic supply chain processes. Alternative triggers derive from the flow of materials, and can be the basis of reengineering the payment process.

8.1 Classic Payment Trigger
Invoices are sent from the supplier’s accounting department to the buyer’s accounts payable department to trigger payment of the supplier. Based on the terms of the invoice, such as net 30 days, the buyer is required to pay the supplier.

      There are at least three limitations of this approach. First, in this arrangement, payment occurs when one firm’s accounting department contacts the other firm’s accounting department. As a result, there is a layer of overhead with accountants talking to accountants. Second, payment is limited to receipt of all the appropriate documentation. Any lost or missing documents will slow the payment process. Third, using the invoice as a trigger ultimately limits the type of payment arrangements, and as a result, the extent of the supply chain integration.

8.2 Payments Triggers
Although historically payment for goods has been triggered by the invoicing process, there are other potential triggers for generating payments for goods. Additional event triggers include when goods are received and when goods are used.
When Received: According to Hammer (1990), Ford pays for the order when it arrives. In this setting there is no need to wait for or process an invoice. When goods arrive there is a matching process that takes place between the purchase order and the receiving information (scanned bar codes). Matching is facilitated since fewer documents make it easier to match and fewer documents suggest that there will be fewer document-specific errors.

The matching process is automated. If there ia a direct match then there is no problem and the goods are paid for. If there is no direct match, then the goods are treated as an anomaly, given additional attention.

In addition, information is captured regarding different supplier’s record of shipping what they were supposed to ship: does goods purchased equal goods received?  That information is used to determine whether or not the buying firm continues to use the supplier. Too many anomalies and the firm is replaced by another supplier.

When Used: Another approach is where actual “”use  triggers a payment for goods. As reported in Brownlee (1996), Colgate has agreements with a number of suppliers where suppliers are responsible for making sure that the goods are available on the premises of Colgate’s production facilities. Whenever Colgate uses the goods that triggers a payment. In this setting, a purchase order and receiving information could substantially precede the use of the goods. In this setting there is no apparent need for an invoice, since the buyer is the first to know how much of the supplier’s goods have been used. As noted by Brownlee (1996, p. R12)

…in exchange for giving some suppliers quicker notice on shifts in its own demand, Colgate doesn’t have to pay for the product ingredients it orders until those powders and liquids have actually been used. That’s not a big hardship for the suppliers, though: The new system takes less time to crunch numbers so they get paid more often.

9 Company Electronic Interfaces 

In order to integrate across firms there needs to be an ability to have firm’s systems “talk” to each other. Communication of data using EDI is being replaced with inter-firm communication across integrated enterprise resource planning systems.
9.1 Loosely Coupled Using EDI

EDI allows loosely coupled firms to communicate across the supply chain. EDI communication from firm to firm can be accomplished for some standard documents using universal translators. These translators accommodate a wide range of inputs and outputs. As a result, firms in the supply chain need only limited commitment to computer-based supply chain management systems.

9.2 Reengineering Using Integrated Enterprise Resource Planning Systems
Enterprise resource planning (ERP) systems provide an individual firm with substantial capabilities to plan and control its own resources. Some of the better known ERP systems include SAP’s R/3, Oracle, PeopleSoft, Baan and J.D. Edwards. Some see ERP Systems as one of the primary tools to facilitate reengineering, documents and processes (e.g., Gendron 1996). As a result, in order to implement reengineered processes, such as those listed in this paper, an ERP system can be a useful tool.
In addition, if different firms use the same ERP systems then inter firm communication of supply chain information can be facilitated and supply chain partners can integrate with each other and others in the supply chain. For example, Colgate (Brownlee 1996) is using SAP to integrate back to its suppliers. According to Brownlee (1996, R. 12) Colgate is “…supplying a handful of its most critical suppliers with computers loaded with R/3 and plugged directly into the Colgate system.”

This integration results in what is known as a virtual organization, which Goldman et al. (1995, p. 7) define as one “…where complementary resources existing in a number of cooperating companies are left in place, but are integrated to support a particular product effort for as long as it is viable to do so.  …Resources are selectively allocated to the virtual company if they are underutilized or if they can be profitably utilized there more than in the ‘home’ company.” In addition, Goldman et al. (1995) note that virtual organizations are designed to facilitate three types of competition, each of which is supply chain related:
· Create or assemble productive resources quickly

· Create or assemble productive resources frequently and concurrently

· Create or assemble a broad range of productive resources (e.g., research, manufacturing, design, etc.).

The use of information technology in virtual organizations is an effort to improve the productivity, increase response speed, and facilitate concurrent productive activities. Information technology is used aggressively, replacing or supporting human actions, rather than relying on traditional administrative systems.
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10 The Relationship Between the Buyer and the Supplier
Classic supply chain relationships place firms in primary or secondary supply relationships. However, in some supply chain settings the technology is pushing some of those relationships to more integrated relationships, ultimately resulting in a small number of suppliers.
10.1 Primary or Secondary Supplier
In classic supply chain settings, supplier relationships are less than exclusive, and lack integration. For example, United Stationers is the primary supplier for some buyers, but in some cases they are a busy phone line away from not even being a supplier. According to the CIO of United Stations,

Ninety-three percent of our orders come in, computer to computer, over proprietary EDI…like lines. If our computer system doesn’t respond, our customers have their ordering systems configured to automatically dial our competition. (Zerega 1998, p. S8)
10.2 Integrated Supplier
However, in some supply chain settings, more integrated supplier – buyer relationships are being developed. Rather than choosing a different supplier if the phone is busy, firms are developing more integrated relationships that allow development of more information on which to choose suppliers for particular shipments. For example, as part of being a supplier to Colgate, as noted above, Brownlee (1996) reported that suppliers were required to implement particular software, SAP’s R/3.

Colgate’s use of these ERP systems eliminates some classic asymmetries of information. Historically, if Colgate made an order they had only historical information regarding that firm’s past ability to provide supplies that would meet its production needs. However, with their current network of integrated ERP systems, they have real time information available about their supplier’s inventory. Using the ERP system (Brownlee 1996, R. 12), “Colgate’s plan is to use its network to get a peek at customer’s stockpiles, while allowing its suppliers to look at Colgate’s inventory as well.”
10.3 Smaller Numbers of Suppliers

Further, as noted in Brownlee (1996), Colgate’s new system tends to favor a supply chain with fewer suppliers. In order to be fully integrated with Colgate’s supply chain requires that each supplier have SAP’s R/3. As a result, this limits the potential suite of suppliers.
In addition, since Colgate and their suppliers have access to critical information about each other, they have other reasons to limit the number of suppliers. First, Colgate uses resources monitoring its suppliers through those systems. As a result, since resources are finite, its efforts must be limited. Second, if too many firms have access to Colgate’s information then it may find that its information could be used against itself. As a result, there is a tendency to work with fewer trusted suppliers.

11 Which Firm Decides Which Approach is Used?
What factors lead one firm or a group of firms to dictate which portfolio of technology solutions is used? There appear to be a number of factors, including market power, technological leadership, recognition of the business problem and existence of deep pockets.
11.1 Market Power

Introduction of an approach such as a single invoice or no invoice, or use of an ERP system across a supply chain probably requires substantial market power. For example, Colgate apparently has that market power in order to get the necessary cooperation from their suppliers. Since Colgate supplied the software, implementation is apparently in concert with Colgate’s needs, e.g., a common set of product numbers could be used to facilitate ordering processes. However, the supplier’s cost for maintenance and use of the software can be substantial, beyond Colgate’s initial purchase of the software. For example, suppliers will need workers to massage the software to meet some of their requirements. Accordingly, Colgate’s influence must be substantial.

11.2 Technological Leader

It is likely that any firm dictating any technology solution is a technology leader or first mover on the use of technology. As an example, Colgate was apparently one of the first adopters of SAP’s R/3 enterprise resource planning system. As noted by Brownlee (1996), “When it comes to taking an all-out plunge into SAP’s hot selling application, Colgate is clearly ahead of the pack…”

11.3 Business Problem Solution

In addition, it is also likely that the implementing firm recognizes the importance of technology as a means to solve business problems, not just a technology for technology sake. For example, as noted by Brownlee (1996, R12),
As soon as a customer walks into a Wal-Mart, Target or Kmart store and buys a tube of toothpaste, Colgate wants to know. With the help of R/3, Colgate is able to look at some of its customers’ inventories and spread the data instantly to virtually every noon it is supply chain. …Before Colgate set up its new system…it had a business problem.

11.4 Deep Pockets—Substantial Financial Resources
As an example of the importance of “deep pockets,” Colgate’s widespread use of SAP and Colgate’s purchasing the system for some suppliers required substantial financial investment. A 1996 survey by Gemini Consulting found that an average implementation of SAP averaged $7.5 million. As noted by Brownlee (1996), “Colgate won’t say how much it has spent on the system, but it is weaving R/3 into every corner of its core operations.”

12 Summary
This paper has investigated how supply chain documents and processes can be reengineered in order to ultimately facilitate electronic commerce.

· Classic paper processes were reengineered as EDI,

· Purchase orders have been reengineered to accommodate supplier writing buyer orders,

· Receiving memorandums were reengineered so that now the receiving dock does not originate any new documents, but instead scans an existing one,

· Invoices were eliminated because they carry redundant information, because invoices have been eliminated, the matching process that supports payment has been reengineered, and 

· Since the matching process is reengineered, different payment triggers could be used to reengineer the payment process.


Further, reengineering these processes has facilitated changes in supply chain relationships

· ERP systems were used to reengineer the way that firms interact electronically, ultimately forming virtual organizations designed to improve a firm’s competitive response,

· Ultimately, resulting in new more integrated relationships with fewer suppliers.

Technology advances and development of interlinking software has facilitated integration of suppliers and buyers through the supply chain as part of the development of electronic commerce. Different supply chain arrangements reflect different levels of integration. In particular, inter organization integration is occurring from two different directions.

First, adoption of technology is forcing integration across firms. In order to be able to supply a company like Colgate, supply firms need to employ a particular ERP system. In addition, the use of that system facilitates loss of asymmetries of information that historically could provide suppliers with potential advantages, such as, lower costs through keeping lower inventory. Now that Colgate and its suppliers both have access to additional information about each other, many of the potential advantages of asymmetric information have been lost.
Second, technology changes are facilitating integration between firms never before achievable. At the extreme, multiple organizations can become an integrated network referred to as a virtual organization. Colgate’s adoption of SAP’s R/3 allows it to see if its suppliers have enough inventory and allow its suppliers to closely track Colgate’s demand. Until recently, Colgate was unable to perform these activities internally, let alone with respect to their suppliers.
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