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Abstract
Since Hayek we have understood that the price system is a vast communications network and have marveled at the economy of knowledge with which it operates.  “It is more than a metaphor,” Hayek explained, “to describe the price system as a kind of machinery for registering change, or a system of telecommunications which enables individual producers to watch merely the movement of a few pointers, as an engineer might watch the hands of a few dials, in order to adjust their activities to changes of which they may never know more than is reflected in the price movement” (87). Rather than being unambiguous signals, however, the messages transmitted through the price system almost always have to be decoded; the signals need to be interpreted in order for individuals to determine what they, in fact, mean. Consequently, as Lachmann (22) has remarked, “in a market economy, success depends largely on the degree of refinement of one’s instruments of interpretation.”

The knowledge economy has meant continuous refinements of our instruments of interpretation. Knowledge systems have meant that more and more information about transactions, inventories, cash flows, production processes, etc., can be collected, analyzed and easily shared.  Moreover, with the advent of XML (a mark-up language for documents containing structured information) and Web services (tiny computer programs that can communicate with other programs over the Web), computer systems are now more interoperable than ever. Greater interoperability improves the ability of entrepreneurs to orient their activities to others and so is a source of real wealth.

 

This paper explores XML and Web Services’ role in further refining our instruments of interpretation. Section II offers a decidedly Austrian view of the role of prices in a market economy and, particularly, the need for interpretation in our deciding what they and other changes in the market actually mean. Section III then argues that the history of IT is a tale of increasing degrees of refinement in our instruments of interpretation and, then, describes XML and Web services. Specific attention will be paid to the ways these technologies are improving the ability of market participants to make informed decisions, to coordinate our plans with one another and, so, to succeed. 
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Introduction

The technology industry is rife with buzzwords. New ones burst onto the scene before even those of us conversant in the jargon have gotten used to saying the old ones. Indeed, the shelf life of some of these terms is infinitesimally short. Think trustworthy computing and distributed networking, think turnkey solutions, think netiquette and nethics, and think P2P, B2B and B2C. Some of these terms, however, stay with us. For the last few years, Bill Gates, whose company Microsoft has introduced a number of these expressions to our lexicon, has been excited about a phrase that has the potential to stick: seamless computing. “We talk about the goal this decade,” he remarked in 2004, “as being ‘seamless computing.’ And seamless means getting rid of a lot of boundaries. Between people and machine … Boundaries between the machines.”
 He has in mind a world where our smart watches, and our mp3 players, and our PDA’s, and our videogames, and our televisions, and our laptops, and our desktops, and even our automobiles communicate with one another and we are able to move seamlessly between devices. He also has in mind a world where the computer systems in and between organizations are interoperable, that is, they seamlessly work together.

Why is this important? Businesses today rely on a number of different technologies to pursue their ends. Firms of all sizes often have separate accounting, inventory, sales and customer relations systems; each developed by a different software firm and designed for different kinds or generations of computers. As Bob Sutor, IBM’s Director of Web Services Strategy, suggests, “The story of the Tower of Babel wasn't incorrect; it was just told a couple of millennia too soon.”
 Even though the Internet now makes it easy for us to connect computers that are spread out geographically, getting two systems sitting side by side to say something meaningful to one another can require a great deal of effort because technologies are often closed or proprietary. Still, making sure that the software that’s supporting the sales representatives has up to date inventory information and that the accounting system has access to data about sales is crucial. And, making it possible for a firm’s inventory system to communicate with its supplier’s ordering system aids considerably in streamlining business processes. 
Microsoft, IBM and a number of the other big players in the technology industry have made a commitment to XML (eXtensible Markup Languge) and Web services because they believe that these technologies are the answer to the challenge presented by heterogeneous computing systems. XML solves the problem of data independence (Newcomer 2002: xxi). Before XML data types and structures were software specific which meant that bridging two different software systems (getting inventory to talk to sales) meant that a team of software developers or database administrators familiar with both needed to build tools to translate the data from one format to another. With XML, developers now have a common language that they can use to describe data; “organizations and entire industries are gaining even more capability to exchange information that has been isolated in proprietary formats” (Wallace 2004: 144). Similarly, Web services (which are based on XML) unlock the true potential of the Internet by enabling software-to-software communication (Newcomer 2002: 2). Web services, simply put, are tiny little computer programs that can be accessed by other programs over the Web using standard Internet protocols.
 The Web was originally designed to make it easy for human beings to access textual information and graphics; it was not really built to support software-to-software interaction. Web services, however, make the kind of software interactions that used to be difficult to accomplish over the Web, readily achievable.

Not surprisingly, the proponents of XML and Web services have made some bold claims: XML and Web services, they say, are changing the world. Newcomer (2002: 1), for instance, has contended that “like the effect of the rail transportation on national economic systems, Web services are fundamentally changing the rules of Web commerce. They connect programs to each other across distant points on the global map, transporting large amounts of data more efficiently and cheaply than ever before. The result is faster, better, and more productive communication for businesses and consumers alike.” Likewise, Sutor (2003) has asserted that “Web services are a new set of standards that businesses can use … to bring down the Tower of Babel. … Web services are here, operating behind the scenes to make a great deal of what we do now run better. The hype surrounding Web services' introduction is gone, replaced by a hard-edged business need for cost-effective IT communications.” 
It seems to go without saying that firms benefit considerably from improved communications. But, exactly why is better, faster communication a boon to businesses? Just how do improved communications translate into improvements in the bottom line? The most discussed mechanism is through the direct savings that come with automation. Communication with other businesses and between business units has to happen if a firm is to function at all. The more cheaply this is accomplished, the less human interaction is required to make this kind of information exchange happen, the more accurate the information, the lower the cost of doing business and so the more successful an enterprise is likely to be. But, there is another (related) way that better, faster, cheaper communication leads to increased profits: better inter- and intra-business communication makes it easier for firms to coordinate their activities both internally and with their customers and supplies. And, this improved coordination is arguably a key to economic prosperity. As Lavoie (2004, 21) argues, “it is mainly our ability to coordinate with one another that enables us to increase the objective standards of living of people around the globe.” 
It is my argument that it is through this mechanism, it is by improving our ability to make sense of what is going on in the world and to coordinate our plans with one another, that “faster, better, and more productive communication for businesses” in general and the enhancements to communication brought about through XML and Web Services in particular could very well have their most significant impact. 

Once Again, Prices as Conveyors of Knowledge

It is widely accepted that prices carry meanings and that the price mechanism is a communications system. “It is more than metaphor,” Hayek (1948: 87) explains, “to describe the price system as … a system of telecommunications.” Others have echoed and endorsed this view. Lachmann (1978: 62), for instance, has suggested that “in a market economy … prices are not merely exchange ratios between commodities and services but links in a market-wide system of economic communications. Through price changes knowledge is transmitted from any corner of any market to the rest of the system.” Similarly, Ebeling (1990: 184) has suggested, prices are “a means of communication with others.” And, as Horwitz (1995: 166) claimed, “money is the analog to language … [and] price is the analog to word. A market price embodies knowledge made available by exchanges through the medium of money, just as a word is knowledge made available by speaking or writing in a language.”  
To borrow an analogy from information technology, the price mechanism is akin to the system of routers which facilitate the movement of millions of data packets between nodes across the Internet. What kind of data is contained in these packets? What kind of knowledge is communicated via this network?  According to Hayek (1948: 85 - 88), prices communicate information about changes in market conditions. 
Say, for example, that someone discovers a new use for silicon or that the cost of acquiring quartzite ore (which is a major source of silicon) increases for some reason. Both events would make silicon dearer, both would increase the relative scarcity of silicon and so the price of silicon would rise. The consumers of silicon — the makers of electronic devices and computer chips, the manufacturers of steel and concrete and bricks, the producers of silicone implants — will as a result economize on silicon. Note that most of them behave as they should, they use less of a good that now has a more valued use elsewhere, without knowing or needing to know what caused the price rise. Similar changes rapidly ripple through the economy affecting not only the suppliers of the products that use silicon but also manufacturers of gallium arsenide and germanium (the principal substitutes for silicon in semiconductors), as well as, building contractors and ship builders and computer manufacturers (suppliers whose products use silicon derived components). And, all of this happens, the suppliers and consumers of silicon, and its derivatives, and its substitutes all know what to do, without the great majority of the people involved knowing anything at all about the original cause of the increase in the price of silicon.  
Not surprisingly, Hayek (ibid.: 87) has called this feature of the price system, namely, the “economy of knowledge” with which the price mechanism operates, its “most significant” characteristic. “In abbreviated form, by a kind of symbol,” Hayek (ibid.: 86) explains, “only the most essential information is passed on and passed on only to those concerned.” The price system is “a kind of machinery for registering change … which enables individual producers to watch merely the movement of a few pointers, as an engineer might watch the hands of a few dials, in order to adjust their activities to changes of which they may never know more than is reflected in the price movement” (ibid.: 87).
 The comparison to the system of routers that comprise the backbone of the Internet continues to be relevant here. Routers have two purposes: (a) they reduce clutter on the Internet by making sure that data only goes where it is needed and (b) they make sure that data reaches its intended recipients.
But, the packets sometimes get lost or delayed, they don’t always arrive at their destination in the correct order and sometimes the messages that they are meant to transmit get garbled or are misunderstood. The same can happen with prices. As Hayek (ibid.: 87) explains, “in a constantly changing world, not all [producers] will hit it off so perfectly.” Some producers won’t react quickly enough to the price shifts, some won’t get the message or understand what the knowledge that the changes in price are meant to convey and some will overreact to what they are being told. Additionally, the price mechanism is not always so perfect a system of communications; sometimes the messages it conveys are misleading or just wrong. As Lachmann (1978:  22) states, “
Many changes [in the economy] may happen simultaneously. Parts of our communications network may be ‘jammed’ and messages delayed. When a number of messages is received it is no longer clear in which order they were ‘sent’. Moreover, even if there is no delay in transmission, today’s knowledge may be out of date tomorrow, hence no longer a safe guide to action.

The price system is a “marvel” not because it works perfectly nor because it stops market participants from making mistakes, it does not do either. The price system is so amazing because, as Boettke (1995: 65) has said, it gets the job done; “it is the market process’s ability to reveal error and motivate learning that underlies its claim to superiority in dealing with the problem of economic calculation.”
Although not perfect, prices nonetheless can act as points of orientation. They can still serve as guideposts, helping market participants find their way. Since price messages are sometimes “problematical” and so “do not tell the whole story” in the “world where we live,” they do need to be interpreted if they are to be useful. Prices should not be thought of as unambiguous signals. They should not be thought of as edicts from on high. They are not marching orders. “In a world of continuous change,” Lachmann (1978: 22) teaches us, “prices are no longer in all circumstances a safe guide to action … nevertheless … price changes do transmit information, though incomplete information; … such information therefore requires interpretation … in order to be transformed into knowledge, and all such knowledge is bound to be imperfect knowledge.” The data packets need to be reassembled once they arrive. They need to be checked for errors. They need to be decoded if they are to make sense and be of use to the destination computer. 

“All interpretation,” Lachmann (1978: 67) correctly points out, “requires a pre-existent structure of thought to serve as a frame of reference.” Ebeling (1995; see also 1990) has made a similar point. He has stressed (following Lachmann) that entrepreneurs interpret price messages based on their models of the world, their ideal types. All members of society share a large number of ideal types. And, individuals evolve more specific, more detailed types in certain areas because of their particular experiences. As Ebeling (ibid.: 149) suggests, “a vital portion of each individual’s knowledge of his unique market circumstances is a set of specific ideal types concerning buyers and sellers, and typical causes and effects from changing conditions in the market.” 
This collection of ideal types forms the backdrop against which all market decisions are made. As Ebeling (ibid.) explains,

When a market price changes or when inventory does not ‘move’ at a prevailing price, each trader will have a stock of experience-generated specific typifications which he will draw upon to decide the possible meanings the price change or excess supply might have in the particular circumstance. The entrepreneurial element is then to decide which out of this stock of typifications is the one most likely to be the best interpretation considering the market context as the decision maker sees it. It is like the textual scholar who approaches a document with a stock of knowledge concerning his special subject and tentatively assigns appropriate meanings to the words in the overall text.

It holds, then, that those entrepreneurs who are more grounded in a particular context, who possess more accurate models of the world, whose expectations more neatly line up with reality, will be more adroit at interpreting information and, so, will be more successful. 

Lachmann (1978: 22) has made the point this way: “In a market economy success depends largely on the degree of refinement of one’s instruments of interpretation.” This formulation, however, begs the question, what determines the “degree of refinement” of an entrepreneur’s “instruments of interpretation”? Just, how do our models of the world improve? Lavoie (2004: 30) has argued that “fundamental improvements” in the media in which human communication takes place, improve our capabilities for mutual orientation and so strengthen entrepreneurship. I concur. Following Lavoie, therefore, I suggest that the knowledge economy has meant continuous refinements of our instruments of interpretation. And, that the improvements in our models of the world that result from our using these new communication technologies might very well be the major return that we reap from the extraordinary investments in IT we saw in the late 1990s.
 Indeed, knowledge systems have meant that more and more information about transactions, inventories, cash flows, production processes, etc., can be collected, analyzed and easily shared.  Moreover, with the advent of XML (a mark-up language for documents containing structured information) and Web services (tiny computer programs that can communicate with other programs over the Web), computer systems are now more interoperable than ever. Greater interoperability improves the ability of entrepreneurs to orient their activities to others and so is a source of real wealth.
The Economics of XML and Web services 
During the late 1990s there was an investment boom in information technology. Venture capitalists, believing that even unprofitable IT firms were nonetheless good investments, poured millions into dotcoms. Stock prices soared. There was talk of ever increasing rates of return, ever increasing productivity growth, and an end to the business cycle. But, eventually, the bubble burst. It turned out that so much of the wealth that was created during the dotcom era was really fool’s gold. Many of the dotcom companies, like the hype that puffed up their valuations, faded away as rapidly as they arrived on the scene. If the dotcom era was one of wild optimism, the post-dotcom era is one of sober realities:  the Internet did not change everything, there is still a business cycle, and the so called “new economy” is not all that different than the “old economy.” It would be a mistake, however, to believe that the late 90s was just some wasteful spending spree. 

Indeed, a number of technologies that improve our ability to communicate and coordinate our activities with one another were either developed or enhanced during the dotcom era. Rather than being a wasteful spending spree, the late 90s was a period of what Varian (2004: 5) has appropriately called “combinatorial innovation.” As he explains, “every now and then a technology, or set of technologies, emerges whose rich set of components can be combined and recombined to create new products. The arrival of these components then sets off a technology boom as innovators work through the possibilities.” The invention of the steam, electrical and gasoline engines, for instance, all triggered “waves of combinatorial innovation.” Similarly, the invention of the personal computer caused a technological boom. Peripheral devices like keyboards, printers, disk drives and scanners are constantly either adapted or invented for use with personal computers. And, office practice software like word processors and spreadsheets, as well as, digital music jukeboxes, photo albums and a host of other personal desktop applications were developed and continue to be developed for the PC. According to Varian (ibid.: 11), “IT is a component that is particularly suited to combinatorial innovation” since many IT innovations involve only bits; data, programs, protocols and algorithms are much more easily adapted to new purposes than the “mechanical or electrical devices that drove previous periods of combinatorial growth.”

Not surprisingly, knowledge systems continued to improve throughout the dotcom era. Companies are now able to monitor their business processes more closely and, so, have an enhanced ability to manage their supply chains, distribution channels, manufacturing and customer relationships. Additionally, during the 1990s, sophisticated statistical tools and approaches were developed (or borrowed from other fields) which made it possible for even large retailers to “get to know” their customers, to learn their spending habits, preferences and loyalties. The large volumes of data generated by point-of-sale and customer relations systems turned out to be a reservoir of useful but untapped information. And, data mining has become commonplace in recent years. As Wallace (2004: 145) describes,

The metaphor [data mining] conjures up the act of prospecting, for gold or silver perhaps, and the patience needed to come upon valuable nuggets amidst mounds of worthless gravel and rocks. Data mining relies more on artificial intelligence, mathematical algorithms, and computer power than on human hands, but the goal is not that different: to extract interesting relationships, trends and behavior patterns from billions of data elements and use them to predict new outcomes.

Manufacturers, transportation and financial services firms, wholesalers, retailers and even political parties, have all used data mining techniques to explore the large volumes of data that they have amassed over the years in order gain insight into their clients, customers and constituents and to make forecasts. 
Increasingly, the intelligence gained through these efforts are not just interesting and informative but actionable. Microtargeting, for instance, has become a real possibility in recent years. Microtargeting involves grouping customers into cohorts based on their demographic profile and data about their past inquiries, purchases and activities and then tailoring your interactions with them based on these groupings. The goal is to get more of them to vote for your candidate, or to shop at your store, or to fly your airline by sending them specifically targeted messages, advertisements, or recommendations. When Amazon.com is making predictions about the kinds of books you are likely to be interested in based on your purchase history and the purchase history of other Amazon.com shoppers with similar tastes as you, they are doing micro-targeting. Likewise, political parties now use micro-targeting to figure out which messages (and which message treatments) are likely to resonate with which voters. Using models, generated through data mining efforts, about how “similar” voters are likely to behave, they direct their mailing and emailing operations accordingly. Microtargeting is a strategy for communicating with potential shoppers or voters that is ultimately more effective and efficient than traditional methods of outreach and advertising; the right people (and only the right people) hear the right messages. This lowers the cost of marketing while increasing the likelihood that contacted persons will behave in desired ways. 
Another of the (positive) side effects of the dotcom era spending spree are the array of Internet-based technologies developed or extended during that period, particularly email, instant messenger, groupware, e-commerce, e-learning and e-conferencing applications. Because of the Internet we now have available to us a number of technologies that have the potential “to improve the way that goods and serves are produced” as they are “fully incorporated into organizational work practices” (ibid.: 11). 
The Internet may not have changed everything (as was frequently claimed) but it has certainly transformed the workplace. As Patricia Wallace (2004: 2) explains in her fascinating book The Internet in the Workplace, “though the Internet as a ‘desktop gateway to the world’ is probably the most obvious change from the worker’s point of view, the Internet’s effects on the workplace go far beyond that. It changed the context of work, the context of business in general, and the context of entire industries.” How has the Internet done all of this?

The Internet has changed how we conceive of the workday because Internet technologies have made it possible for employers to reach workers and for many employees to do their jobs irrespective of time or place.  As Wallace (2004: 54) describes,

In the background …netcentric technologies have helped to mold a business climate in which working longer and harder can be mandatory for some people and desirable for others. In the foreground, these technologies enable people to work as long as the want or need to, around the clock, year-round. The anytime-anywhere connectedness they offer have made it possible for people to do even more work in time slots that previously were not available for much work-related activity, such as a commute. 
The always available, always working employee has, thus, become a familiar figure in the Internet era. The growing availability of smart phones and wireless email devices and the existence of Wi-Fi enabled coffee shops and cafés make it likely that this trend will continue. 

The Internet has also changed the kinds and quantity of information available to workers. As Wallace (ibid.: 4) writes, “Intranets can give employees access to voluminous and up-to-date internal information, and the Internet provides access to vast quantities of business intelligence.” Similarly, “email among employees often contains significant bits of knowledge that would help new employees and veteran colleagues avoid reinventing wheels” (ibid.). The Internet has meant that vast quantities of data about business processes and relationships can be easily amassed, stored and shared. These benefits, I believe, have been widely recognized.
 That the Internet has increased the kinds of information companies can collect about their employers, customers and partners has been, I believe, underappreciated. Easily collected and categorized artifacts are generated by all actions on the Internet. What I look at, where I go, how long I linger on this or that email, does not just stay in my mind but gets recorded somewhere for someone to interpret and analyze. Prior to the Internet these meaningful utterances (like me picking up a particular magazine in a store or window shopping) were usually ignored, now they are amplified. Amazon.com can better satisfy my wants (can teach me about products I might want) because they know how often I go down a particular aisle (fiction books) versus another one (classical music), when I go (around the end of the month), why I go (to buy a gift (I asked for wrapping paper)) or for an immediate project (I paid extra so that it could arrive tomorrow). Much of this data goes unrecorded in the non-digital world but is recorded and aids in data mining and microtargeting efforts in the digital world. 
The Internet and the “new” collaborative learning environments that it supports like groupware applications make e-learning, virtual teams and computer-supported cooperative work possible. It is now much easier for teachers and students, co-workers and teammates that are located across great distances to work effectively with each other. Distance learning programs “can dramatically reduce travel expenses and time away from work. They can also offer just-in-time learning on the job in ways that were not feasible when most training was conducted in classroom settings and had to be scheduled well in advance” (ibid.: 5). Similarly, the Internet makes it possible “to create teams without regard to geography” (ibid.: 161).

Lavoie (2004: 36) has correctly suggested that groupware solutions are continuing to evolve in a direction that supports greater “collaboration within the workplace and coordination in the marketplace.”  As he suggests, 

Although simple email may give us a general sense of what the interpersonal capabilities are evolving into, it can be misleading to focus on the limited capabilities of the kind of email systems most people are using today. The real potential of groupware may be more evident in the more advanced kinds of applications that permit work groups to collaborate more effectively, for example, networked calendaring, scheduling, and workflow applications.
Email systems which also included groupware functionality like Microsoft Exchange, Lotus Notes and Novell’s Groupwise, as well as, Internet-based collaborative environments like Microsoft Sharepoint and Plumtree’s Collaboration Server make it easy for even geographically dispersed teams to work together on documents, manage tasks and coordinate appointments.
     
The Internet has succeeded at transforming the context and nature of work, primarily, because it has dramatically lowered the cost and increased the speed at which we can transmit information. Email, for instance, became the communication medium of choice for many businesses because it allows you to easily engage in discussions and to cheaply and almost instantly transmit even quite large documents and datasets across great distances.
  Similarly, the Web is such a useful tool because it allows us to access and disseminate vast quantities of information. As Liebowitz (2002: 9) states, 

By combining the two-way transmission mechanism of the telephone with the information display of the television and the database capability of computers, the Internet does provide a new experience. The crude intelligence of computers, which will only improve over time, can be used to tailor information to specific users or needs. Users can quickly find information and retrieve it instantaneously.      
This new experience is significant because the more readily individuals can access the information that they need, the better their models of the world are likely to be and the better their ability to coordinate their activities with others.
 But, though the Web does a tremendous job of facilitating human to computer interactions, it does not (at least before now) do a good job facilitating machine to machine interactions. Web services, however, dramatically simplifies machine to machine communication on the Web. 
The desire to link departments within a firm and to facilitate the automatic exchange of data between them is a sensible one. An accounting system, for instance, becomes a much more valuable resource if it has access to the information maintained in the company’s sales, inventory and asset management systems. Similarly, a customer relations management (CRM) system that can access up to date information about the status of a customer’s purchase, not just that the order was supposed to have been shipped but where it is at any given moment and when it is expected to arrive, is a much richer tool than a CRM system that does not have access to that data. But, though this kind of integration is clearly desirable, it’s not always easy to achieve. As Cortada (2004: 103) describes,

A … problem, and one that most companies continued to face deep into the 1990s, involved various departmental views of the data. Most departments viewed their data differently than others. There were problems with format, which meant that data in one software application might not port over to another without rekeying. There was the related issue of capturing information needed by one department but not another. For example, the purchasing department might collect purchase order (PO) numbers and a vendor’s name, but the inventory control department would not need these data. For accounting, the inventory control people would have to preserve the purchase order data and vendor name on their control documents. For years holy wars were fought within companies over these issues, including what might in hindsight be pedantic – the length and format of a part or product number. Yet such issues had to be resolved to facilitate transportation of information from one system to another to make integration of applications possible.
Not surprisingly, businesses have invested large sums over the years to get the various knowledge systems in their organizations to exchange data. And, many of the software packages that began as customer relations or accounting or human resource systems have now morphed into large enterprise management solutions that seek to integrate a number of these functions under one umbrella. Think Peoplesoft and SAP.

Similarly, the desire to link businesses and to facilitate the automatic exchange of data between partner firms is also a sensible one.  Manufacturers, for instance, can dramatically simplify processes if they are able to both place and process orders and to track incoming and outgoing shipments electronically. Retailers can take advantage of vendor managed inventory systems and other opportunities for reducing costs if they can link their systems that record transactions at the point of sale with their suppliers’ systems that accept and process orders. Consequently, businesses in a variety of industries have used electronic data interchange (called EDI) to transmit data to their partners, suppliers and customers for decades now. Unfortunately, these systems were often quite expensive to implement. “Developing an EDI relationship between two companies,” as Wallace (2004: 15) explains, “involved negotiation, customized programming, and often the launch of two databases containing synchronized product information, one at each location.”  
That the kind of communication between knowledge systems (within and across firms) were often costly to achieve even if technologically feasible meant that firms often had to settle for a level of integration short of what they desired. It also meant that once a firm had invested the resources required to get their CRM system working with their inventory system the company had an incentive to stay with both. And, similarly, once an EDI relationship was established firms had a strong disincentive to switch suppliers. As Wallace (2004: 15) explains, “because of [the] up-front investment, companies did not do much switching once they had things in place and working properly.” Web services, however, have changed this dynamic. 
XML Web services make economically feasible integration efforts that used to be prohibitive and simplify, from a technological perspective, integration efforts that used to be difficult.
 
Consider Dollar Rent-A-Car’s effort to give potential business partners access to their mainframe-based reservation system known as Quick Keys.
 Before implementing their XML Web services based solution, Dollar received most of its reservations through electronic travel reservation systems like Sabre and Apollo’s Global Distribution Systems.
 These systems give travel agents and other partners the ability to reserve automobiles electronically, charging a fee for every transaction. The rest of Dollar’s reservations came through their website Dollar.com or tour operators who uploaded files in a variety of propriety formats that had to first be translated into something that could be processed by Quick Keys. Unfortunately, making changes to Dollar.com was often a “slow and painful” process because it involved tinkering with the custom built component for accessing Quick Keys and it could take months to write the routines needed to support each new tour operator since each required a custom interface. Creating a generic, reusable, simple interface into Quick Keys that partners and Dollar.com could use to check on the availability of cars and to make reservations was seen as a way to lower their per transaction costs while at the same time creating new business opportunities. The benefits of using XML Web services to accomplish this were profound.  “By integrating directly with business partners using … XML Web services, Dollar cost-effectively opened up another sales channel that has provided millions of additional rate requests and thousands of new reservations per year, equating to millions of dollars in additional revenue. Furthermore, the company expects to save a significant amount in annual GDS fees.”
 Additionally, by putting in place “a simple, re-usable interface into its reservation system that could be accessed by any system via the Internet,” Dollar also became a more agile firm, in closer contact with its partners and able to easily accommodate new tour operators.   
Nygard International Partnership’s experience with Web services tells a similar story.
 Nygard is a large Winnipeg based garment manufacturer with factories and vendors all across the globe. This presents a challenge: when producing a run of clothing they have to make sure that the right quantities of fabric, buttons, threads and snaps, ordered from globally dispersed suppliers, arrive at their factories on the appropriate dates. Originally, managing the supply chain required a lot of manual intervention. Although a computer determined which materials were needed to make a particular run, some individual had to place the orders, verify that the shipments were accurate, record the transactions in the appropriate general ledger and initiate payments to suppliers. Nygard leveraged Web services to build an ePO (electronic purchase order) system that automates their supply chain from purchase order to payment. The system gives Nygard’s vendors an interface for entering shipping notifications, automatically contacts Nygard’s Automatic Quality Control (AQC) system if there are any anomalies with the order, creates an electronic voucher once a shipment is received and passes the relevant data to their Epicor accounting solution (which is itself based on Web Services). Using XML Web services Nygard was able to speed up business processes, save man hours, reduce errors, reduce paperwork and improve relationships and communication with its vendors. 
When Lachmann talked about a company’s success being dependent on the refinement of instruments of interpretation, it is quite possible that these types of developments are exactly what he might have had in mind. It is certainly true that streamlining a supply chain increases efficiency. It is, similarly, quite true that making it easier for partners to place and track orders will likely lead to more sales. The tools which enable these advances in business to business communication also make additional, albeit, indirect contributions to the bottom line; they improve a business’ ability to coordinate its processes with its suppliers, partners and customers.
 
Conclusion
The central thesis of this paper is that there are at least two real benefits that accrue to firms as they increase their investments in information technologies. First, information technologies have the potential to dramatically reduce the cost of doing business. Paperwork, the man-hours that it takes to perform any number of business functions, the possibilities of costly human errors are all reduced as more and more business processes are computerized.  This is, I believe, a widely recognized and accepted view. 

However, there is at least one other way that IT can improve profitability and that is by increasing our coordinative abilities. This is less widely acknowledged.
 Recall, that Lachmann and others have stressed that though the price system is a communications network, it is an imperfect one. Price signals are not unambiguous guides to action. They need to be interpreted if they are to be useful. The more refined a businesses tools of interpretation, the more accurate its models of the market, the more quickly it can process and respond to changes in the market, the more successful that firm is likely to be. Information technologies are correctly viewed as “tools of interpretation” and advances in IT are sensibly regarded as refinements in our interpretative tools. The statistical tools that are now available for use in data mining, for instance, give companies the ability to get a much clearer sense of their customers spending habits and preferences. They also make it possible for companies to micro-target prospective shoppers, to figure out who is likely to buy what product based on their demographic profile and the behavior of customers with similar characteristics and to send them tailored and tested messages.    

Similarly, by employing Web services, which make it easier to integrate computer applications within and across firms, businesses are better positioned to understand market happenings and to exploit market opportunities. This alone could mean a significant increase in revenues for firms. Dollar Rent-A-Car, for instance, by making their reservation more accessible through the use of Web Services not only saved millions per transaction in GDS fees but was able to exploit business opportunities that they would otherwise have had to forgo. Similarly, Nygard not only reduced the costs of procuring raw materials by developing an integrated electronic purchase order system but reduced shipping errors, sped up the entire process and improved their relationships with suppliers (who were paid more quickly because of the new system). Examples like these abound. 

Although difficult to quantify, this greater ability to coordinate activities is certainly a source of wealth.  Some of what the dotcoms were selling was certainly fool’s gold. But the dream of seamless computing, a dream that is only possible because of the innovations made during the dotcom era, is a dream that is being advanced by XML Web Services.
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� http://www.microsoft.com/billgates/speeches/2004/06-28Australia.asp





� http://www.ebizq.net/topics/web_services/features/3184.html


� The term “Web services” is also used (perhaps confusingly) to describe the set of protocols that are used to facilitate this computer-to-computer dialogue. 


� As Hayek (ibid.: 87) suggests, “The marvel [of the price system] is that in a case like that of a scarcity of one raw material, without an order being issued, without more than perhaps a handful of people knowing the cause, tens of thousands of people whose identity could not be ascertained by months of investigation, are made to use the material or its products more sparingly; that is, they move in the right direction.” Kirzner (1988: 4) has made the point this way: “prices may be efficient means of communicating information from one part of the economy to another. Where prices do in fact fully reflect the bids and offers made by market participants throughout the market, such prices afford a highly effective system of signals that obviate the need for the transmission of detailed, factual information to decision makers. If the source of supply of an important raw material has suddenly been destroyed, the jump in its market price will effectively convey the impact of this disaster to potential users, with great rapidity. Those who have themselves learned of the disaster do not have to inform potential users that it has occurred; the price rise suffices.”


� Another way to make the point that I am trying to make here, is that IT supports and enables what Koulopoulos, Spinelo and Toms (1997) has called “corporate instinct.” Corporate instinct, they (ibid.: 3) explain, “is a company’s collective sixth sense enabling it to overcome its own memory and respond instantaneously and effectively to market opportunity, customers, and competition.” As they (ibid.: 183) argue, “the ultimate purpose of [knowledge] systems is the preservation and selective diffusion of an organization’s broad knowledgebase, which is the foundation of corporate instinct. They help create the pervasive awareness that is typically present in instinctive enterprises.” 


� The challenge of translating the volumes of data that workers now have access to into “useful knowledge that can help the worker solve problems or increase productivity” has also been widely recognized (Wallace 2004: 4). Similarly, many have also recognized the challenge of weeding through the vast quantities of data that are now being amassed and determining what data is useful and what data is not. 


� This is significant because, as Kulchitsky (2001: 77) reminds us, “what drives decision-making … is the interplay between the individual and the information, and how this insight can be communicated throughout the organization.  The fact of the matter is that individual decision-making activities usually take place within a group through dialogue, discussion, experience sharing, and observation.  Hence, hunches, intuition, loyalties, and informational networks should … be viewed as … intricate parts of a ‘dialogical learning process’  that occurs in organizations and from which knowledge is created and dispersed.”  





� Wallace (2004: 282) has described the Internet’s “support for rapid and inexpensive communications” not only its “most obvious feature” but also “its most important strength for the workplace.” As she (ibid.) suggests, “the Internet has done for communications what electricity did for power.”





� Recall Lachmann’s (1978: 22) point that “today’s knowledge may be out of date tomorrow, hence no longer a safe guide to action.” The Internet can be used to disseminate vast amounts of information when it is still fresh. 


� Campbell-Kelly (2004: 169) has called Enterprise Resource Planning (ERP) software “the applications software phenomenon of the 1990s.” As he (ibid.: 172) explains, “ERP software …was a body of generalized, integrated software that could be customized for virtually any large business.”  


� As a result, the market for XML Web services is growing. An IDC report published in 2003, for instance, forecasted that the Web services-based professional services market would break one billion dollars by the end of that year and that it would be a $22 billion dollar market by 2007 (http://www.webservices.org/index.php/ws/content/view/full/2949). The cost savings associated with these application integration projects are likely to be significant; once automated business processes require less paperwork and less man hours. Similarly, the benefits from the improved coordinative ability that will result from these efforts are also likely to be quite large; responsiveness and ability to exploit market opportunities will increase. 





� See “DOLLAR Rent A Car Systems Dollar Rent A Car Breathes New Life into Legacy Systems Using .NET Connected Software” (http://www.microsoft.com/resources/casestudies/CaseStudy.asp?CaseStudyID=11626) for the full case study.





� See Campbell-Kelly (2004: 41-45) for a brief history of the SABRE software system. See also McKenney (1995: 97-140) for an extended review. 





� http://www.microsoft.com/resources/casestudies/CaseStudy.asp?CaseStudyID=11626





� See “Nygård International Partnership Major Garment Manufacturer Streamlines Supply Chain Processes Through Web Services Solution” (http://www.microsoft.com/resources/casestudies/CaseStudy.asp?CaseStudyID=14805) for the full case study.





� I should also note that it is unclear what effect this is likely to have on the size of the firms. Remember that Coase (1988) argued that firms exist because there are transaction costs to using the price system. That there are also costs to organizing transactions through a firm, however, places a check on how large firms can grow. Coase (ibid.: 45) argues that “Other things being equal … a firm will tend to be larger: a. the less the costs of organizing and the slower these costs rise with an increase in the transactions organized. b. the less likely the entrepreneur is to make mistakes and the smaller the increase in mistakes with an increase in the transactions organized. c. the greater the lowering (or the less the rise) in the supply price of factors of production to firms of larger size.” It could, thus, be argued that XML Web Services by lowering the cost of intra-firm communication and improving the ability of firms to coordinate their activities in the market would result in larger firms. But, XML Web Services not only lower the cost of organizing transactions within the firm they also lower the cost of using the price system. As a result, it is also quite possible that XML and Web Services will lead to smaller firms as they lower the cost of inter-firm communication and make it easier for firms to work with partners and suppliers.





� See Tosi and Torre (2004) for a notable exception.





