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  Chapter Four:

  Back to the Future


  Even with the decentralizing potential of electrical power neglected and sidetracked into the paleotechnic framework, and even with the diversion of technical development into the needs of mass-production industry, small-scale production tools were still able to achieve superior productivity—even working with the crumbs and castoffs of Sloanist mass-production, and even at the height of Moloch's glory. Two models of production have arisen within the belly of the Sloanist beast, and between them offer the best hopes for replacing the mass-production model: 1) the informal and household economy; and 2) relocalized industry using general-purpose machinery to produce in small batches for the local market, frequently switching between production runs.


  A. Home Manufacture


  First, even at the height of mass-productionist triumphalism, the superior productivity of home manufacture was demonstrated in many fields. In the 1920s and 1930s, the zenith of mass production's supposed triumph, Ralph Borsodi showed that with electricity, most goods could be produced in small shops and even in the home with an efficiency at least competitive with that of the great factories, once the greatly reduced distribution costs of small-scale production were taken into account. Borsodi's law—the tendency of increased distribution costs to offset reduced unit costs of production at a relatively small scale—applies not only to the relative efficiencies of large versus small factories, but also to the comparative efficiencies of factory versus home production. Borsodi argued that for most light goods like food, textiles, and furniture, the overall costs were actually lower to manufacture them in one's own home. The reason was that the electric motor put small-scale production machinery in the home on the same footing as large machinery in the factory. Although economies of large-scale machine production exist, most economies of machine production are captured with the bare adoption of the machinery itself, even with household electrical machinery. After that, the downward production cost curve is very shallow, while the upward distribution cost curve is steep.


  Borsodi's study of the economics of home production began with the home-grown tomatoes his wife canned. Expressing some doubts as to Mrs. Borsodi's confidence that it "paid" to do it, he systematically examined all the costs going into the tomatoes, including the market value of the labor they put into growing them and canning them, the cost of the household electricity used, etc. Even with all these things factored in, Bordodi still found the home product cost 20-30% less than the canned tomatoes at the market. The reason? The home product, produced at the point of consumption, had zero distribution cost. The modest unit cost savings from large-scale machinery were insufficient to offset the enormous cost of distribution and marketing.518


  Borsodi went on to experiment with home clothing production with loom and sewing machine, and building furniture in the home workshop.


  I discovered that more than two-thirds of the things which the average family now buys could be produced more economically at home than they could be bought factory made;


  —that the average man and woman could earn more by producing at home than by working for money in an office or factory and that, therefore, the less time they spent working away from home and the more time they spent working at home, the better off they would be;


  —finally, that the home itself was still capable of being made into a productive and creative institution and that an investment in a homestead equipped with efficient domestic machinery would yield larger returns per dollar of investment than investments in insurance, in mortgages, in stocks and bonds....


  These discoveries led to our experimenting year after year with domestic appliances and machines. We began to experiment with the problem of bringing back into the house, and thus under our own direct control, the various machines which the textile-mill, the cannery and packing house, the flour-mill, the clothing and garment factory, had taken over from the home during the past two hundred years....


  In the main the economies of factory production, which are so obvious and which have led economists so far astray, consist of three things (1) quantity buying of materials and supplies; (2) the division of labor with each worker in industry confined to the performance of a single operation; and (3) the use of power to eliminate labor and permit the operation of automatic machinery. Of these, the use of power is unquestionably the most important. Today, however, power is something which the home can use to reduce costs of production just as well as can the factory. The situation which prevailed in the days when water power and steam-engines furnished the only forms of power is at an end. As long as the only available form of power was centralized power, the transfer of machinery and production from the home and the individual, to the factory and the group, was inevitable. But with the development of the gas-engine and the electric motor, power became available in decentralized forms. The home, so far as power was concerned, had been put in position to compete with the factory.


  With this advantage of the factory nullified, its other advantages are in themselves insufficient to offset the burden of distribution costs on most products....


  The average factory, no doubt, does produce food and clothing cheaper than we produce them even with our power-driven machinery on the Borsodi homestead. But factory costs, because of the problem of distribution, are only first costs. They cannot, therefore, be compared with home costs, which are final costs.519


  Even the internal economies of the factory, it should be added, were offset by the overhead costs of administration, and the dividends and interest on capital. Profliferating departmentalization entails


  gang bosses, speed bosses, inspectors, repair bosses, planning department representatives and of course corresponding “office” supervisors: designers, planners, record keepers and cost clerks.... there are office managers, personnel managers, sales managers, advertising managers and traffic managers.... All tend to absorb the reductions in manufacturing costs which are made possible by the factory machinery and factory methods.


  These are only the costs within the factory. Above the factory, in a firm of numerous factories and branch offices, comes an additional layer of administrative overhead for the corporate headquarters.


  And on top of all that, there are the distribution costs of producing for a large market area: “wholesaling transportation and warehousing costs, wholesaling expenses, wholesaling profits, retailing transportation and warehousing costs, retailing expenses, retailing profits.”520


  Since Borsodi's time, the variety and sophistication of electrically powered small machinery has increased enormously. As we saw in Chapter One, after the invention of clockwork the design of machine processes for every conceivable function was nearly inevitable. Likewise, once electrically powered machinery was introduced, the development of small-scale electrical machinery for every purpose followed as a matter of course.


  Since first reading Borsodi's account, I have encountered arguments that his experience was misleading or atypical, given that he was a natural polymath and therefore perhaps a quicker study than most, and therefore failed to include learning time in his estimate of costs. These objections cannot be entirely dismissed.


  One of Borsodi's genuine shortcomings was his treatment of household production in largely autarkic terms. He generally argued that the homestead should produce for itself when it was economical to do so, and buy from the conventional money economy with wages when it was not, with little in between. The homesteader should not produce a surplus for the market, he said, because it could only be sold on disadvantageous terms in the larger capitalist economy and would waste labor that could be more efficiently employed either producing other goods for home consumption or earning wages on the market. He did mention the use of surpluses for gifting and hospitality, but largely ignored the possibility of a thriving informal and barter economy outside the capitalist system.


  A relatively modest degree of division of labor in the informal and barter economy would be sufficient to overcome a great deal of the learning curve for craft production. Most neighborhoods probably have a skilled home seamstress, a baker famous for his homemade bread, a good home brewer, someone with a well-equipped woodworking or metal shop, and so forth. Present-day home hobbyists, producing for barter, could make use of their existing skills. What's more, in so doing they would optimize efficiency even over Borsodi's model: they would fully utilize the spare capacity of household equipment that would have been idle much of the time with entirely autarkic production, and spread the costs of such capital equipment over a number of households (rather than, as in Borsodi's model, duplicating it in each household).


  One of the most important effects of licensing, zoning, and assorted “health” and “safety” codes, at the local level, is to prohibit production on a scale intermediate between individual production for home consumption, and production for the market in a conventional business enterprise. Such regulations criminalize the intermediate case of the household microenterprise, producing either for the market or for barter on a significant scale. This essentially mandates the level of autarky that Borsodi envisioned, and enables larger commercial enterprises to take advantage of the rents resulting from individual learning curves. Skilled home producers are prevented from taking advantage of the spare capacity of their capital equipment, and other households are forced either to acquire all the various specialty skills for themselves or to buy from a commercial enterprise.


  B. Relocalized Manufacturing


  Borsodi's other shortcoming was his inadequate recognition of the possibility of scales of manufacturing below the mass production factory. In Prosperity and Security, he identified four scales of production: “(I) family production, (II) custom production, (III) factory production, and (IV) social production.”521 He confused factory production with mass-production. In fact, custom production fades into factory production, with some forms of small-scale factory production that bear as much (or more) resemblance to custom production than to stereotypically American mass-production. In arguing that large-scale factory production was more economical only for a handful of products—“automobiles, motors, electrical appliances, wire, pipe, and similar goods”—he ignored the possibility that even many of those goods could be produced more economically in a small factory using general-purpose machinery in short production runs.522


  In making “serial production” the defining feature of the factory, as opposed to the custom shop, he made the gulf between factory production and custom production greater and more fixed than was necessary, and ignored the extent to which the line between them is blurred in reality.


  In the sense in which I use the term factory it applies only to places equipped with tools and machinery to produce “goods, wares or utensils” by a system involving serial production, division of labor, and uniformity of products.


  ….A garage doing large quantities of repair work on automobiles is much like a factory in appearance. So is a railroad repair shop. Yet neither of these lineal descendants of the roadside smithy is truly a factory.


  The distinctive attribute of the factory itself is the system of serial production. It is not, as might be thought, machine production nor even the application of power to machinery.... Only the establishment in which a product of uniform design is systematically fabricated with more or less subdivision of labor during the process is a factory.523


  ….But none of the economies of mass production, mass distribution, and mass consumption is possible if the finished product is permitted to vary in this manner. Serial production in the factory is dependent at all stages upon uniformities: uniformities, of design, material and workmanship. Each article exactly duplicates every other....524


  In arguing that some products (“of which copper wire is one example”) could “best be made, or made most economically, by the factory,” he neglected the question of whether such things as copper wire could be made more economically in much smaller factories with much less specialized machinery.525 Elsewhere, citing the superior cost efficiency of milling grain locally or in the home using small electric mills rather than shipping bolted white flour from the mega-mills in Minneapolis, he appealed to the vision of a society of millions of household mills, along with “a few factories making these domestic mills and supplying parts and replacements for them....”526 This begs the question of whether a large, mass-production factory is best suited to the production of small appliances.


  In fact, the possibility of an intermediate model of industrial production has been well demonstrated in industrial districts like Emilia-Romagna. As we mentioned in Chapter One, Sabel's and Piore's “path not taken” (integrating flexible, electrically powered machinery into craft production) was in fact taken in a few isolated enclaves. In the late 1890s, for example, even after the tide had turned toward mass-production industry, “the German Franz Ziegler could still point to promising examples of the technological renovation of decentralized production in Remscheid, through the introduction of flexible machine tools, powered by small electric motors.”527


  But with the overall economy structured around mass-production industry, the successful industrial districts were relegated mainly to serving niche markets in the larger Sloanist economy. In some cases, like the Lyon textile district (see below), the state officially promoted the liquidation of the industrial district and its absorption by the mass-production economy. In the majority of cases, with the predominance of large-scale mass-production industry encouraged by the state and an economic environment artificially favorable to such forms of organization, flexible manufacturing firms in the industrial districts were “spontaneously” absorbed into a larger corporate framework. The government having created an economy dominated by large-scale, mass-production industry, the pattern of development of small-scale producers was distorted by the character of the overall system. Two examples of the latter phenomenon were the Sheffield and Birmingham districts, in which flexible manufacturers increasingly took on the role of supplying inputs to large manufacturers (they were drawn “ever more closely into the orbit of mass producers,” in Piore's and Sabel's words), and as a result gradually lost their flexibility and their ability to produce anything but inputs for the dominant manufacturer. Their product became increasingly standardized, and their equipment more and more dedicated to the needs of a particular large manufacturer.528 The small-scale machine tools of Remscheid, a decade after Ziegler wrote, were seen as doomed.529


  But all this has changed with the decay of Mumford's “cultural pseudomorph,” and the adoption of alternatives to mass production (as we saw in Chapter Three) as a response to economic crisis. Today, in both Toyota's “single-minute exchange of dies” and in the flexible production in the shops of north-central Italy, factory production takes on many of the characteristics of custom production. With standardized, modular components and the ability to switch quickly between various combinations of features, production approaches a state of affairs in which every individual item coming out of the factory is unique. A small factory or workshop, frequently switching between products, can still obtain most of the advantages of Borsodi's “uniformity” through the simple expedient of modular design. Lean production is a synthesis of the good points of mass production and custom or craft production.


  Lean production, broadly speaking, has taken two forms, typified respectively by the Toyota Production System and Emilia-Romagna. Robert Begg et al. characterize them, respectively, as two ways of globally organizing flexible specialization: producer-driven commodity chains and consumer-driven commodity chains. The former, exemplified in the TPS and to some extent by most global manufacturing corporations, outsources production to small, networked supplier firms. Such firms usually bear the brunt of economic downturns, and (because they must compete for corporate patronage) have little bargaining power against the corporate purchasers of their output. The latter, exemplified by Emilia-Romagna, entail cooperative networks of small firms for which a large corporate patron most likely doesn't even exist, and production is driven by demand.530 (Of course, the large manufacturing corporations in the former model are far more vulnerable to bypassing by networked suppliers than the authors' description would suggest.)


  The interesting thing about the Toyota Production System is that it's closer to custom production than to mass production. In many ways, it's Craft Production 2.0.


  Craft production, as described by James Womack et al. in The Machine That Changed the World, was characterized by


  A workforce that was highly skilled in design, machine operation, and fitting....


  Organizations that were extremely decentralized, although concentrated within a single city. Most parts and much of the vehicle's design came from small machine shops. The system was coordinated by an owner/entrepreneur in direct contact with everyone involved—customers, employers, and suppliers.


  The use of general-purpose machine tools to perform drilling, grinding, and other operations on metal and wood.


  A very low production volume....531


  The last characteristic, low volume (Panhard et Levassor's custom automobile operation produced a thousand or fewer vehicles a year) resulted from the inability to standardize parts, which, in turn, resulted from the inability of machine tools to cut hardened steel. Before this capability was achieved, it would have been a waste of time to try producing to gauge; steel parts had to be cut and then hardened, which distorted them so that they had to be custom-fitted. The overwhelming majority of production time was taken up by filing and fitting each individual part to the other parts on (say) a car.


  Most of the economies of speed achieved by Ford resulted, not from the assembly line (although as a secondary matter it may be useful for maintaining production flow), but from precision and interchangeability. Ford was the first to take advantage of recent advances in machine tools which enabled them to work on prehardened metal. As a result, he was able to produce parts to a standardized gauging system that remained constant throughout the manufacturing process.532 In so doing, he eliminated the old job of fitter, which was the primary source of cost and delay in custom production.


  But this most important innovation of Ford's—interchangeable parts produced to gauge—could have been introduced just as well into craft production, radically increasing the output and reducing the cost of craft industry. Ford managed to reduce task cycle time for assemblers from 514 minutes to 2.3 minutes by August 1913, before he ever introduced the moving assembly line. The assembly line itself reduced cycle time only from 2.3 to 1.19 minutes.533


  With this innovation, a craft producer might still have used general-purpose machinery and switched frequently between products, while using precision machining techniques to produce identical parts for a set of standardized modular designs. By radically reducing setup times and removing the main cost of fitting from craft production (“all filing and adjusting of parts had... been eliminated”), craft producers would have achieved many of the efficiencies of mass production with none of the centralization costs we saw in Chapter Two.


  In a brilliant illustration of history's tendency to reappear as farce, by the way, GM's batch-and-queue production resurrected the old job of fitter, supposedly eliminated forever by production to gauge, to deal with the enormous output of defective parts. At GM's Framingham plant, besides the weeks' worth of inventory piled among the work stations, Waddell and his co-authors found workers “struggling to attach poorly fitting parts to the Oldsmobile Ciera models they were building.”534


  The other cost of craft production was setup time: the cost and time entailed in skilled machinists readjusting machine tools for different products. Ford reduced setup time through the use of product-specific machinery, foolproofed with simple jigs and gauges to ensure they worked to standard.535 The problem was that this required batch production, the source of all the inefficiencies we saw in Chapter Two.


  This second cost was overcome in the Toyota Production System by Taichi Ohno's “single-minute exchange of dies” (SMED), which reduced the changeover time between products by several orders of magnitude. By the time of World War II, in American-style mass production, manufacturers were dedicating a set of presses to specific parts for months or even years at a time in order to minimize the unit costs from a day or more of downtime to change dies.536 Ohno, beginning in the late 1940s to experiment with used American machinery, by the late 1950s, managed to reduce die-change time to three minutes. In so doing, he discovered that (thanks to the elimination of in-process inventories, and thanks to the fact that defects showed up immediately at the source) “it actually cost less per part to make small batches of stampings than to run off enormous lots.”537 In effect, he turned mass-production machinery into general-purpose machinery.


  In industrial districts like Emilia-Romagna, the problem of setup and changeover time was overcome by the development of flexible general purpose machine tools, particularly the small numerically controlled machine tools which the microprocessor revolution permitted in the 1970s. Ford's innovations in precision cutting of pre-hardened metal to gauge, and the elimination of setup time with small CNC tools in the 1970s, between them made it possible for craft production to capture all the efficiencies of mass production.


  Ohno's system was essentially a return to craft production methods, but with the speed of Ford's mass production assembly line. With the single-minute exchange of dies, factory machinery bore more of a functional resemblance to general-purpose machinery than to the dedicated and inflexible machinery of GM. But with precision cutting capabilities and a few standardized, modular designs, it achieved nearly the same economies of speed as mass production.


  We already described, in Chapter Two, how Sloanism's “economies of speed” differ from those of the Toyota Production System. The irony, according to Waddell and Bodek, is that Toyota and other lean manufacturers reduce direct labor costs (supposedly the raison d'etre of Sloanism) “at rates that leave Sloan companies in the dust.”


  The critical technology to cutting direct labor hours by fifty percent or more is better than sixty years old. Electric motors small enough and powerful enough to drive a machine tool had a negligible impact on productivity in America, but a huge impact in Japan.


  When belt drives came off of machines, and each machine was powered by its own electric motor the door opened up to a productivity improvement equal to that realized by Henry Ford with the advent of the assembly line....


  ...[T]he day came in the evolution of electrical technology that each machine could be equipped with its own motor. Motors were powerful enough, small enough and cheap enough for the belts and shafts to go by the wayside....


  To American thinking, this was not much of an event. Sloan's system was firmly entrenched by the time the shafts and belts were eliminated. Economy was perceived to result exclusively from running machines as fast as possible, making big batches at a time. There was still one man to one machine, for the most part, and maximizing the output from that man's labor cost was the objective. Whether machines were lined up in rows, or scattered at random around the factory did not make much difference to the results of that equation.


  Shigeo Shingo presented a paper at a technical conference conducted by the Japan Management Association in 1946 entitled “Production Mechanism of Process and Operation.” It was based on the principle that optimizing the overall production process... is the key to manufacturing. To quote Shingo, “Improvement of process must be accomplished prior to improvement of operation.” While the Americans saw manufacturing as a set of isolated operations, all linked by sizeable inventories, the Japanese saw manufacturing as a flow. Where the machines are is a big deal to people concerned about flow while it matters little to people concerned only with isolated operations. To Shingo, the flexibility to put machines anywhere he wanted opened the door to fantastic productivity improvements.538


  In other words, lean manufacturing—as Sabel and Piore put it—amounts to the discovery, after a century-long dead end, of how to integrate electrical power into manufacturing.


  Emilia-Romagna is part of a larger phenomenon, the so-called “Third Italy” (as distinguished from the old industrial triangle of Milan-Turin-Genoa, and the cash crop plantation agriculture of the South):


  a vast network of very small enterprises spread through the villages and small cities of central and Northeast Italy, in and around Bologna, Florence, Ancona, and Venice.... These little shops range across the entire sprectrum of the modern industrial structure, from shoes, ceramics, textiles, and garments on one side to motorcycles, agricultural equipment, automotive parts, and machine tools on the other.539


  Although these small shops (quite small on average, with ten workers or fewer not unusual) “perform an enormous variety of the operations associated with mass production,” they do so using “artisans' methods rather than industrial techniques of production.”540


  A typical factory is housed on the ground floor of a building, with two or three floors of apartments above for the several extended families that own it.


  The workrooms are clean and spacious. A number of hand operations are interspersed with the mechanized ones. The machinery, however, is fully modern technology and design; sometimes it is exactly the same as that found in a modern factory, sometimes a reduced version of a smaller machine. The work is laid out rationally: the workpieces flow along miniature conveyors, whose twists and turns create the impression of a factory in a doll house.541


  At the smaller end of the scale, “production is still centered in the garage...”


  Despite high productivity, the pace of work is typically relaxed, with production stopping daily for workers to retreat to their upstairs apartments for an extended lunch or siesta.542


  Some [factories] recall turn-of-the century sweatshops.... But many of the others are spotless; the workers extremely skilled and the distinction between them and their supervisors almost imperceptible; the tools the most advanced numerically controlled equipment of its type; the products, designed in the shop, sophisticated and distinctive enough to capture monopolies in world markets. If you had thought so long about Rousseau's artisan clockmakers at Neuchatel or Marx's idea of labor as joyful, self-creative association that you had begun to doubt their possibility, then you might, watching these craftsmen at work, forgive yourself the sudden conviction that something more utopian than the present factory system is practical after all.543


  Production on the Emilia-Romagna model is regulated on a demand-pull basis: general-purpose machinery makes it possible to produce in small batches and switch frequently and quickly from one product line to another, as orders come in. Further, with the separate stages of production broken down in a networked relationship between producers, constant shifts in contractual relationships between suppliers and outlets are feasible at relatively low cost.544


  While the small subcontractors in a sector are zealous of their autonomy and often vigorously competitive, they are also quite likely to collaborate as they become increasingly specialized, “subcontracting to each other or sharing the cost of an innovation in machine design that would be too expensive for one producer to order by himself.” There is a tendency toward cooperation, especially, because the network relationships betgween specialized firms may shift rapidly with changes in demand, with the same firms alternately subcontracting to one another.545 Piore and Sabel describe the fluidity of supply chains in an industrial district:


  The variability of demand meant that patterns of subcontracting were constantly rearranged. Firms that had underestimated a year's demand would subcontract the overflow to less well situated competitors scrambling to adapt to the market. But the next year the situation might be reversed, with winners in the previous round forced to sell off equipment to last year's losers. Under these circumstances, every employee could become a subcontractor, every subcontractor a manufacturer, every manufacturer an employee.546


  The Chinese shanzhai phenomenon bears a striking resemblance to the Third Italy. The literal meaning of shanzhai is “mountain fortress,” but it carries the connotation of a redoubt or stronghold outside the state's control, or a place of refuge for bandits or rebels (much like the Cossack communities on the fringes of the Russian Empire, or the Merry Men in Sherwood Forest). Andrew “Bunnie” Huang writes:


  The contemporary shanzhai are rebellious, individualistic, underground, and self-empowered innovators. They are rebellious in the sense that the shanzhai are celebrated for their copycat products; they are the producers of the notorious knock-offs of the iPhone and so forth. They individualistic in the sense that they have a visceral dislike for the large companies; many of the shanzhai themselves used to be employees of large companies (both US and Asian) who departed because they were frustrated at the inefficiency of their former employers. They are underground in the sense that once a shanzhai “goes legit” and starts doing business through traditional retail channels, they are no longer considered to be in the fraternity of the shanzai. They are self-empowered in the sense that they are universally tiny operations, bootstrapped on minimal capital, and they run with the attitude of “if you can do it, then I can as well.”


  An estimate I heard places 300 shanzhai organizations operating in Shenzhen. These shanzai consist of shops ranging from just a couple folks to a few hundred employees; some just specialize in things like tooling, PCB design, PCB assembly, cell phone skinning, while others are a little bit broader in capability. The shanzai are efficient: one shop of under 250 employees churns out over 200,000 mobile phones per month with a high mix of products (runs as short as a few hundred units is possible); collectively an estimate I heard places shanzhai in the Shenzhen area producing around 20 million phones per month. That’s an economy approaching a billion dollars a month. Most of these phones sell into third-world and emerging markets: India, Africa, Russia, and southeast Asia; I imagine if this model were extended to the PC space the shanzhai would easily accomplish what the OLPC failed to do. Significantly, the shanzai are almost universally bootstrapped on minimal capital with almost no additional financing — I heard that typical startup costs are under a few hundred thousand for an operation that may eventually scale to over 50 million revenue per year within a couple years.


  Significantly, they do not just produce copycat phones. They make original design phones as well.... These original phones integrate wacky features like 7.1 stereo sound, dual SIM cards, a functional cigarette holder, a high-zoom lens, or a built-in UV LED for counterfeit money detection. Their ability to not just copy, but to innovate and riff off of designs is very significant. They are doing to hardware what the web did for rip/mix/burn or mashup compilations.... Interestingly, the shanzhai employ a concept called the “open BOM” — they share their bill of materials and other design materials with each other, and they share any improvements made; these rules are policed by community word-of-mouth, to the extent that if someone is found cheating they are ostracized by the shanzhai ecosystem.


  To give a flavor of how this is viewed in China, I heard a local comment about how great it was that the shanzhai could not only make an iPhone clone, they could improve it by giving the clone a user-replaceable battery. US law would come down on the side of this activity being illegal and infringing, but given the fecundity of mashup on the web, I can’t help but wonder out loud if mashup in hardware is all that bad....


  In a sense, I feel like the shanzhai are brethren of the classic western notion of hacker-entrepreneurs, but with a distinctly Chinese twist to them. My personal favorite shanzhai story is of the chap who owns a house that I’m extraordinarily envious of. His house has three floors: on the top, is his bedroom; on the middle floor is a complete SMT manufacturing line; on the bottom floor is a retail outlet, selling the products produced a floor above and designed two floors above. How cool would it be to have your very own SMT line right in your home! It would certainly be a disruptive change to the way I innovate to own infrastructure like that — not only would I save on production costs, reduce my prototyping time, and turn inventory aggressively (thereby reducing inventory capital requirements), I would be able to cut out the 20-50% minimum retail margin typically required by US retailers, assuming my retail store is in a high-traffic urban location.


  ....I always had a theory that at some point, the amount of knowledge and the scale of the markets in the area would reach a critical mass where the Chinese would stop being simply workers or copiers, and would take control of their own destiny and become creators and ultimately innovation leaders. I think it has begun — these stories I’m hearing of the shanzhai and the mashup they produce are just the beginning of a hockey stick that has the potential to change the way business is done, perhaps not in the US, but certainly in that massive, untapped market often referred to as the “rest of the world”.547


  And like the flexible manufacturing networks in the Third Italy, Huang says, the density and economic diversity of the environment in which shanzhai enterprises function promotes flow and adaptability.


  ...[T]he retail shop on the bottom floor in these electronic market districts of China enables goods to actually flow; your neighbor is selling parts to you, the guy across the street sells your production tools, and the entire block is focused on electronics production, consumption or distribution in some way. The turnover of goods is high so that your SMT and design shop on the floors above can turn a profit.548


  The success of shanzhai enterprises results not only from their technical innovativeness, according to Vassar professor Yu Zhou, but from “how they form supply chains and how rapidly they react to new trends.”549


  C. New Possibilities for Flexible Manufacturing



  Considerable possibilities existed for increasing the efficiency of craft production through the use of flexible machinery, even in the age of steam and water power. The Jacquard loom, for example, used in the Lyon silk industry, was a much lower-tech precursor of Ohno's Single Minute Exchange of Dies (SMED). With the loom controlled by perforated cards, the setup time for switching to a new pattern was reduced substantially. In so doing, it made small-batch production profitable that would have been out of the question with costly, dedicated mass-production machinery.550 Lyon persisted as a thriving industrial district, by the way, until the French government killed it off in the 1960s: official policy being to encourage conversion to a more “progressive,” mass-production model through state-sponsored mergers and acquisitions, the local networked firms became subsidiaries of French-based transnational corporations.551


  Such industrial districts, according to Piore and Sabel, demonstrated considerable “technological vitality” in the “speed and sophistication with which they adapted power sources to their needs.”


  The large Alsatian textile firms not only made early use of steam power but also became—through their sponsorship of research institutes—the nucleus of a major theoretical school of thermodynamics. Small firms in Saint-Etienne experimented with compressed air in the middle of the nineteenth century, before turning, along with Remscheid and Solingen, to the careful study of small steam and gasoline engines. After 1890, when the long-distance transmission of electric power was demontrated at Frankfurt, these three regions were among the first industrial users of small electric motors.552


  With the introduction of electric motors, the downscaling of power machinery to virtually any kind of small-scale production was no longer a matter of technological possibilities. It was only a question of institutional will, in deciding whether to allocate research and development resources into large- or small-scale production. As we saw in Chapter One, the state tipped the balance toward large-scale mass-production industry, and production with small-scale power machinery was relegated to a few isolated industrial districts. Nevertheless, as we saw in earlier chapters, Borsodi demonstrated that small-scale production—even starved for developmental resources and with one hand tied behind its back—was able to surpass mass-production industry in efficiency.


  For the decades of Sloanist dominance, local industrial districts were islands in a hostile sea.


  But with the decay of the first stage of the paleotechnic pseudomorph, flexible manufacturing has become the wave of the future—albeit still imprisoned within a centralized corporate framework. And better yet, networked, flexible manufacturing shows great promise for breaking through the walls of the old corporate system and becoming the basis of a fundamentally different kind of society.


  By the 1970s, anarchist Murray Bookchin was proposing small general-purpose machinery as the foundation of a decentralized successor to the mass-production economy.


  In a 1970s interview with Mother Earth News, Borsodi repeated his general theme: that when distribution costs were taken into account, home and small shop manufacture were the most efficient way to produce some two-thirds of what we consume. But he conceded that some goods, like “electric wire or light bulbs,” could not be produced “very satisfactorily on a limited scale.”553


  But as Bookchin and Kirkpatrick Sale pointed out, developments in production technology since Borsodi's experiments had narrowed considerably the range of goods for which genuine economies of scale existed. Bookchin proposed the adoption of multiple-purpose production machinery for frequent switching from one short production run to another.


  The new technology has produced not only miniaturized electronic components and smaller production facilities but also highly versatile, multi-purpose machines. For more than a century, the trend in machine design moved increasingly toward technological specialization and single purpose devices, underpinning the intensive division of labor required by the new factory system. Industrial operations were subordinated entirely to the product. In time, this narrow pragmatic approach has "led industry far from the rational line of development in production machinery," observe Eric W. Leaver and John J. Brown. "It has led to increasingly uneconomic specialization.... Specialization of machines in terms of end product requires that the machine be thrown away when the product is no longer needed. Yet the work the production machine does can be reduced to a set of basic functions--forming, holding, cutting, and so on--and these functions, if correctly analyzed, can be packaged and applied to operate on a part as needed."


  Ideally, a drilling machine of the kind envisioned by Leaver and Brown would be able to produce a hole small enough to hold a thin wire or large enough to admit a pipe....


  The importance of machines with this kind of operational range can hardly be overestimated. They make it possible to produce a large variety of products in a single plant. A small or moderate-sized community using multi-purpose machines could satisfy many of its limited industrial needs without being burdened with underused industrial facilities. There would be less loss in scrapping tools and less need for single-purpose plants. The community's economy would be more compact and versatile, more rounded and self-contained, than anything we find in the communities of industrially advanced countries. The effort that goes into retooling machines for new products would be enormously reduced. Retooling would generally consist of changes in dimensioning rather than in design.554


  And Sale, commenting on this passage, observed that many of Borsodi's stipulated exceptions could in fact now be produced most efficiently in a small community factory. The same plant could (say) finish a production run of 30,000 light bulbs, and then switch to wiring or other electrical products—thus "in effect becoming a succession of electrical factories." A machine shop making electric vehicles could switch from tractors to reapers to bicycles.555


  Eric Husman, commenting on Bookchin's and Sale's treatment of multiple-purpose production technology, points out that they were 1) to a large extent reinventing the wheel, and 2) incorporating a large element of Sloanism into their model:


  Human Scale (1980) was written without reference to how badly the Japanese production methods... were beating American mass production methods at the time.... What Sale failed to appreciate is that the Japanese method (...almost diametrically opposed to the Sloan method that Sale is almost certainly thinking of as "mass production") allows the production of higher quality articles at lower prices....


  ....Taichi Ohno would laugh himself silly at the thought of someone toying with the idea [of replacing large-batch production on specialized machinery with shorter runs on general-purpose machinery] 20 years after he had perfected it. Ohno's development of Toyota's Just-In-Time method was born exactly out of such circumstances, when Toyota was a small, intimate factory in a beaten country and could not afford the variety and number of machines used in such places as Ford and GM. Ohno pushed, and Shingo later perfected, the idea of Just-In-Time by using Single Minute Exchange of Dies (SMED), making a mockery of a month-long changeover. The idea is to use general machines (e.g. presses) in specialized ways (different dies for each stamping) and to vary the product mix on the assembly line so that you make some of every product every day.


  The Sale method (the slightly modified Sloan/GM method) would require extensive warehouses to store the mass-produced production runs (since you run a year's worth of production for those two months and have to store it for the remaining 10 months). If problems were discovered months later, the only recourse would be to wait for the next production run (months later). If too many light bulbs were made, or designs were changed, all those bulbs would be waste. And of course you can forget about producing perishables this way. The JIT method would be to run a few lightbulbs, a couple of irons, a stove, and a refrigerator every hour, switching between them as customer demand dictated. No warehouse needed, just take it straight to the customer. If problems are discovered, the next batch can be held until the problems are solved, and a new batch will be forthcoming later in the shift or during a later shift. If designs or tastes change, there is no waste because you only produce as customers demand.556


  Since Bookchin wrote Post-Scarcity Anarchism, incidentally, Japanese technical innovations blurred even further the line between the production model he proposed above and the Japanese model of lean manufacturing. The numerically controlled machine tools of American mass-production industry, scaled down thanks to the microprocessor revolution, became suitable as a form of general-purpose machinery for the small shop. As developed by the Japanese, it wasa new kind of machine tool: numerically controlled general-purpose equipment that is easily programmed and suited for the thousands of small and medium-sized job shops that do much of the batch production in metalworking. Until the mid-1970s, U.S. practice suggested that computer-controlled machine tools could be economically deployed only in large firms (typically in the aerospace industry); in these firms such tools were programmed, by mathematically sophisticated technicians, to manufacture complex components. But advances in the 1970s in semiconductor and computer technology made it possible to build a new generation of machine tools: numerically controlled (NC) or computer-numerical-control (CNC) equipment. NC equipment could easily be programmed to perform the wide range of simple tasks that make up the majority of machining jobs. The equipment's built-in microcomputers allowed a skilled metalworker to teach the machine a sequence of cuts simply by performing them once, or by translating his or her knowledge into a program through straightforward commands entered via a keyboard located on the shop floor.557


  According to Piore and Sabel, CNC machinery offers the same advantages over traditional craft production—i.e., flexibility with reduced setup cost—that craft production offered over mass production.


  Efficiency in production results from adapting the equipment to the task at hand: the specialization of the equipment to the operation. With conventional technology, this adaptation is done by physical adjustments in the equipment; whenever the product is changed, the specialized machine must be rebuilt. In craft production, this means changing tools and the fixtures that position the workpiece during machining. In mass production, it means scrapping and replacing the machinery. With computer technology, the equipment (the hardware) is adapted to the operation by the computer program (the software); therefore, the equipment can be put to new uses without physical adjustments—simply by reprogramming.558


  The more setup time and cost are reduced, and the lower the cost of redeploying resources, the less significant both economies of scale and economies of specialization become. Hence, the wider the range of products it is feasible to produce for the local or regional market.559


  Interestingly, as recounted by David Noble, numeric control was first introduced for large-batch production with expensive machinery in heavy industry, and, because of its many inefficiencies, was profitable only with massive government subsidies. But the small-scale numerically controlled machine tools, made possible by the invention of the microprocessor, were ideally suited to small-batch production by small local shops.


  This is a perennial phenomenon, which we will examine at length in Chapter Seven: even when the state capitalist system heavily subsidizes the development of technologies specifically suited to large-scale, centralized production, decentralized industry takes the crumbs from under the table and uses them more efficiently than state capitalist industry. Consider, also, the role of the state in creating the technical prerequisites for the desktop and Internet revolutions, which are destroying the proprietary culture industries and proprietary industrial design. State capitalism subsidizes its gravediggers.


  If Husman compared the Bookchin-Sale method to the Toyota Production System, and found it wanting, H. Thomas Johnson in turn has subjected the Toyota Production System to his own critique. As amazing as Ohno's achievements were at Toyota, introducing his lean production methods within the framework of a transnational corporation amounted to putting new wine in old bottles. Ohno's lean production methods, Johnson argued, are ideally suited to a relocalized manufacturing economy. (This is another example of the decay of the cultural pseudomorph discussed in the previous chapter—the temporary imprisonment of lean manufacturing techniques in the old centralized corporate cocoon.)


  In his Foreword to Waddell's and Bodek's The Rebirth of American Industry (something of a bible for American devotees of the Toyota Production System), Johnson writes:


  Some people, I am afraid, see lean as a pathway to restoring the large manufacturing giants the United States economy has been famous for in the past half century.


  ...The cheap fossil fuel energy sources that have always supported such production operations cannot be taken for granted any longer. One proposal that has great merit is that of rebuilding our economy around smaller scale, locally-focused organizations that provide just as high a standard living [sic] as people now enjoy, but with far less energy and resource consumption. Helping to create the sustainable local living economy may be the most exciting frontier yet for architects of lean operations. Time will tell.560


  The “warehouses on wheels” (or “container ships”) distribution model used by centralized manufacturing corporations, even “lean” ones like Toyota, is fundamentally at odds with the principles of lean production. Lean production calls for eliminating inventory by gearing production to orders on a demand-pull basis. But long distribution chains simply sweep the huge factory inventories of Sloanism under the rug, and shift them to trucks and ships. There's still an enormous inventory of finished goods at any given time—it's just in motion.


  Husman, whom we have already seen is an enthusiastic advocate for lean production, has himself pointed to “warehouses on wheels” as just an outsourced version of Sloanist inventories:


  For another view of self-sufficiency—and I hate to beat this dead horse, but the parallel seems so striking—we have the lean literature on local production. In Lean Thinking, Womack et al. discuss the travails of the simple aluminum soda can. From the mine to the smelter to the rolling mill to the can maker alone takes several months of storage and shipment time, yet there is only about 3 hours worth of processing time. A good deal of aluminum smelting is done in Norway and/or Sweden, where widely available hydroelectric power makes aluminum production from alumina very cheap and relatively clean. From there, the cans are shipped to bottlers where they sit for a few more days before being filled, shipped, stored, bought, stored, and drank. All told, it takes 319 days to go from the mine to your lips, where you spend a few minutes actually using the can. The process also produces about 24% scrap (most of which is recycled at the source) because the cans are made at one location and shipped empty to the bottler and they get damaged in transit. It's an astounding tale of how wasteful the whole process is, yet still results in a product that—externalities aside—costs very little to the end user. Could this type of thing be done locally? After all, every town is awash in a sea of used aluminum cans, and the reprocessing cost is much lower than the original processing cost (which is why Reynolds and ALCOA buy scrap aluminum).


  Taking this problem to the obvious conclusion, Bill Waddell and other lean consultants have been trying to convince manufacturers that if they would only fire the MBAs and actually learn to manufacture, they could do so much more cheaply locally than they can by offshoring their production. Labor costs simply aren't the deciding factor, no matter what the local Sloan school is teaching: American labor may be more expensive then [sic] foreign labor, but it is also more productive. Further, all of the (chimerical) gains to be made from going to cheaper labor are likely to be lost in shipping costs. Think of that flotilla of shipping containers on cargo ships between here and Asia as a huge warehouse on the ocean, warehouses that not only charge rent, but also for fuel.561


  Regarding the specific example of aluminum cans, Womack et al. speculate that the slow acceptance of recycling results from evaluating its efficiencies as a discrete step, rather than in terms of its effects on the entire production stream. If the rate of recycling approached 100%,


  interesting possibilities would emerge for the entire value stream. Mini-smelters with integrated mini-rolling mills might be located near the can makers in England, eliminating in a flash most of the time, storage, and distances involved today in the steps above the can maker.562


  A similar dynamic might result from the proliferation of mini-mills scaled to local needs, with most of the steel inputs for small-scale industry supplied from recycled local scrap.


  As Womack et al. point out, lean production—properly understood—requires not only the scaling of machinery to production flow within the factory. It also requires scaling the factory to local demand, and siting it as close as possible to the point of consumption, in order to eliminate as much as possible of the “inventory” in trucks and ships. It is necessary “to locate both design and physical production in the appropriate place to serve the customer.”


  Just as many manufacturers have concentrated on installing larger and faster machines to eliminate the direct labor, they've also gone toward massive centralized facilities for product families... while outsourcing more and more of the actual component part making to other centralized factories serving many final assemblers. To make matters worse, these are often located on the wrong side of the world from both their engineering operations and their customers... to reduce the cost per hour of labor.


  The production process in these remotely located, high-scale facilities may even be in some form of flow, but... the flow of the product stops at the end of the plant. In the case of bikes, it's a matter of letting the finished product sit while a whole sea container for a given final assembler's warehouse in North America is filled, then sending the filled containers to the port, where they sit some more while waiting for a giant container ship. After a few weeks on the ocean, the containers go by truck to one of the bike firm's regional warehouses, where the bikes wait until a specific customer order needs filling often followed by shipment to the customer's warehouse for more waiting. In other words, there's no flow except along a tiny stretch of the total value stream inside one isolated plant.


  The result is high logistics costs and massive finished unit inventories in transit and at retailer warehouses.... When carefully analyzed, these costs and revenue losses are often found to more than offset the savings in production costs from low wages, savings which can be obtained in any case by locating smaller flow facilities incorporating more of the total production steps much closer to the customer.563


  To achieve the scale needed to justify this degree of automation it will often be necessary to serve the entire world from a single facility, yet customers want to get exactly the product they want exactly when they want it.... It follows that oceans and lean production are not compatible. We believe that, in almost every case, locating smaller and less-automated production systems within the market of sale will yield lower total costs (counting logistics and the cost of scrapped goods no one wants by the time they arrive) and higher customer satisfaction.564


  Husman, incidentally, describes a localized "open-source production" model, with numerous small local machine shops networked to manufacture a product according to open-source design specifications and then to manufacture replacement parts and do repairs on an as-needed basis, as "almost an ideally Lean manufacturing process. Dozens of small shops located near their customers, each building one at a time.”565


  The authors of Natural Capitalism devote a separate chapter to lean production. And perhaps not surprisingly, their description of the lean approach seems almost tailor-made for relocalized manufacturing on the Emilia-Romagna model:


  The essence of the lean approach is that in almost all modern manufacturing, the combined and often synergistic benefits of the lower capital investment, greater flexibility, often higher reliability, lower inventory cost, and lower shipping cost of much smaller and more localized production equipment will far outweigh any modest decreases in its narrowly defined "efficiency" per process step. It's more efficient overall, in resources and time and money, to scale production properly, using flexible machines that can quickly shift between products. By doing so, all the different processing steps can be carried out immediately adjacent to one another with the product kept in continuous flow. The goal is to have no stops, no delays, no backflows, no inventories, no expediting, no bottlenecks, no buffer stocks, and no muda [i.e., waste or superfluity].566


  Decentralizing technologies undermined the rationale for large scale not only in mass-production industries, but in continuous-processing industries. In steel, for example, the introduction of the minimill with electric-arc furnace eliminated the need for operating on a large enough scale to keep a blast furnace in continuous operation. Not only did the minimill make it possible to scale steel production to the local industrial economy, but it processed scrap metal considerably more cheaply than conventional blast furnaces processed iron ore.567


  Sidebar on Marxist Objections to Non-Capitalist Markets: The Relevance of the Decentralized Industrial Model


  In opposing a form of socialism centered on cooperatives and non-capitalist markets, a standard argument of Marxists and other non-market socialists is that it would be unsustainable and degenerate into full-blown capitalism: “What happens to the losers?” Non-capitalist markets would eventually become capitalistic, through the normal operation of the laws of the market. Here's the argument as stated by Christian Siefkes, a German Marxist active in the P2P movement, on the Peer to Peer Research List:


  Yes, they would trade, and initially their trading wouldn't be capitalistic, since labor is not available for hire. But assuming that trade/exchange is their primary way of organizing production, capitalism would ultimately result, since some of the producers would go bankrupt, they would lose their direct access to the means of production and be forced to sell their labor power. If none of the other producers is rich enough to hire them, they would be unlucky and starve (or be forced to turn to other ways of survival such as robbery/thievery, prostitutioing—which is what we also saw as a large-scale phenomenon with the emergence of capitalism, and which we still see in so-called developing countries where there is not enough capital to hire all or most of the available labor power). But if there are other producers/people would can hire them, the seed of capitalism with it's capitalist/worker divide is laid.


  Of course, the emerging class of capitalists won't be just passive bystanders watching this process happen. Since they need a sufficiently large labor force, and since independent producers are unwanted competition for them, they'll actively try to turn the latter into the former. Means for doing so are enclosure/privatization laws that deprive the independent producers of their means of productions, technical progress that makes it harder for them to compete (esp. if expensive machines are required which they simple lack the money to buy), other laws that increase the overhead for independent producers (e.g. high bookkeeping requirements), creation of big sales points that non-capitalist producers don't have access to (department stores etc.), simple overproduction that drives small-scale producers (who can't stand huge losses) out of the market, etc. But even if they were passive bystanders (which is an unrealistic assumption), the conversion of independent producers into workers forced to sell their labor power would still take place through the simple laws of the market, which cause some producers to fail and go bankrupt.


  So whenever you start with trade as the primary way of production, you'll sooner or later end up with capitalism. It's not a contradiction, it's a process.568


  One answer, in the flexible production model, is that there's no reason to have any permanent losers. First of all, the overhead costs are so low that it's possible to ride out a slow period indefinitely. Second, in low-overhead flexible production, in which the basic machinery for production is widely affordable and can be easily reallocated to new products, there's really no such thing as a “business” to go out of. The lower the capitalization required for entering the market, and the lower the overhead to be borne in periods of slow business, the more the labor market takes on a networked, project-oriented character—like, e.g., peer production of software. In free software, and in any other industry where the average producer owns a full set of tools and production centers mainly on self-managed projects, the situation is likely to be characterized not so much by the entrance and exit of discrete “firms” as by a constantly shifting balance of projects, merging and forking, and with free agents constantly shifting from one to another. The same fluidity prevails, according to Piore and Sabel, in the building trades and the garment industry.569


  Another point: in a society where most people own the roofs over their heads and can meet a major part of their subsistence needs through home production, workers who own the tools of their trade can afford to ride out periods of slow business, and to be somewhat choosy in waiting to contract out to the projects most suited to their preference. It's quite likely that, to the extent some form of wage employment still existed in a free economy, it would take up a much smaller share of the total economy, wage labor would be harder to find, and attracting it would require considerably higher wages; as a result, self-employment and cooperative ownership would be much more prevalent, and wage employment would be much more marginal. To the extent that wage employment continued, it would be the province of a class of itinerant laborers taking jobs of work when they needed a bit of supplementary income or to build up some savings, and then periodically retiring for long periods to a comfortable life living off their own homesteads. This pattern—living off the common and accepting wage labor only when it was convenient—was precisely what the Enclosures were intended to stamp out.


  For the same reason, the standard model of “unemployment” in American-style mass-production industry is in fact quite place-bound, and largely irrelevant to flexible manufacture in European-style industrial districts. In such districts, and to a considerable extent in the American garment industry, work-sharing with reduced hours is chosen in preference to layoffs, so the dislocations from an economic downturn are far less severe. Unlike the American presumption of a fixed and permanent “shop” as the central focus of the labor movement, the industrial district assumes the solidaristic craft community as the primary long-term attachment for the individual worker, and the job site at any given time as a passing state of affairs.570


  And finally, in a relocalized economy of small-scale production for local markets, where most money is circulated locally, there is apt to be far less of a tendency toward boom-bust cycles or wild fluctuations in commodity prices. Rather, there is likely to be a fairly stable long-term matching of supply to demand.


  In short, the Marxist objection assumes the high-overhead industrial production model as “normal,” and judges cooperative and peer production by their ability to adapt to circumstances that almost certainly wouldn't exist.


  Chapter Seven:

  The Alternative Economy as a Singularity


  We have seen the burdens of high overhead that the conventional, hierarchical enterprise and mass-production industry carry with them, their tendency to confuse the expenditure of inputs with productive output, and their culture of cost-plus markup. Running throughout this book, as a central theme, has been the superior efficiency of the alternative economy: its lower burdens of overhead, its more intensive use of inputs, and its avoidance of idle capacity.


  Two economies are fighting to the death: one of them a highly-capitalized, high-overhead, and bureaucratically ossified conventional economy, the subsidized and protected product of one and a half century's collusion between big government and big business; the other a low capital, low-overhead, agile and resilient alternative economy, outperforming the state capitalist economy despite being hobbled and driven underground.


  The alternative economy is developing within the interstices of the old one, preparing to supplant it. The Wobbly phrase “building the structure of the new society within the shell of the old” is one of the most fitting phrases ever conceived for summing up the concept.


  A. Networked Production and the Bypassing of Corporate Nodes



  One of the beauties of networked production, for subcontractors ranging from the garage shop to the small factory, is that it transforms the old corporate headquarters into a node to be bypassed.


  Johan Soderberg suggests that the current model of outsourcing and networked production makes capital vulnerable to being cut out of the production process by labor. He begins with an anecdote about Toyota subcontractor Aisin Seiki, "the only manufacturer of a component critical to the whole Toyota network," whose factory was destroyed in a fire:


  The whole conglomerate was in jeopardy of grinding to a halt. In two months Toyota would run out of supplies of the parts produced by Aisin Seiki. Faced with looming disaster, the network of subcontractors fervently cooperated and created provisory means for substituting the factory. In a stunningly short time, Toyota subsidiaries had restructured themselves and could carry on unaffected by the incident. Duncan Watt attributes the swift response by the Toyota conglomerate to its networked mode of organisation. The relevance of this story for labour theory becomes apparent if we stipulate that the factory was not destroyed in an accident but was held-up in a labour conflict. Networked capital turns every point of production, from the firm down to the individual work assignment, into a node subject to circumvention. ...[I]t is capital's ambition to route around labour strongholds that has brought capitalism into network production.... Nations, factories, natural resources, and positions within the social and technical division of labour, are all made subject to redundancy. Thus has capital annulled the threat of blockages against necks in the capitalist production chain, upon which the negotiating power of unions is based.


  But this redundancy created by capital as a way of routing around blockages, Soderberg continues, threatens to make capital itself redundant:


  The fading strength of unions will continue for as long as organised labour is entrenched in past victories and outdated forms of resistance. But the networked mode of production opens up a "window of opportunity" for a renewed cycle of struggle, this time, however, of a different kind. Since all points of production have been transformed into potentially redundant nodes of a network, capital as a factor of production in the network has itself become a node subject to redundancy.916


  (This was, in fact, what happened in the Third Italy: traditional mass-production firms attempted to evade the wave of strikes by outsourcing production to small shops, and were then blindsided when the shops began to federate among themselves.)917


  Soderberg sees the growing importance of human relative to physical capital, and the rise of peer production in the informational realm, as reason for hope that independent and self-managed networks of laborers can route around capital. Hence the importance he attaches to the increasingly draconian "intellectual property" regime as a way of suppressing the open-source movement and maintaining control over the conditions of production.918


  Dave Pollard, writing from the imaginary perspective of 2015, made a similar observation about the vulnerability of corporations that follow the Nike model of hollowing themselves out and outsourcing everything:


  In the early 2000s, large corporations that were once hierarchical end-to-end business enterprises began shedding everything that was not deemed ‘core competency’, in some cases to the point where the only things left were business acumen, market knowledge, experience, decision-making ability, brand name, and aggregation skills. This 'hollowing out' allowed multinationals to achieve enormous leverage and margin. It also made them enormously vulnerable and potentially dispensable.


  As outsourcing accelerated, some small companies discovered how to exploit this very vulnerability. When, for example, they identified North American manufacturers outsourcing domestic production to third world plants in the interest of 'increasing productivity', they went directly to the third world manufacturers, offered them a bit more, and then went directly to the North American retailers, and offered to charge them less. The expensive outsourcers quickly found themselves unnecessary middlemen.... The large corporations, having shed everything they thought was non 'core competency', learned to their chagrin that in the connected, information economy, the value of their core competency was much less than the inflated value of their stock, and they have lost much of their market share to new federations of small entrepreneurial businesses.919


  The worst nightmare of the corporate dinosaurs is that, in an economy where “imagination” or human capital is the main source of value, the imagination might take a walk: that is, the people who actually possess the imagination might figure out they no longer need the company's permission, and realize its "intellectual property" is unenforceable in an age of encryption and bittorrent (the same is becoming true in manufacturing, as the discovery and enforcement of patent rights against reverse-engineering efforts by hundreds of small shops serving small local markets becomes simply more costly than it's worth).


  For example, Tom Peters gives the example of Oticon, which got rid of "the entire formal organization" and abolished departments, secretaries, and formal management titles. Employees put their personal belongings in "caddies, or personal carts, moving them to appropriate spots in the completely open space as their work with various colleagues requires.”920 The danger for the corporate gatekeepers, in sectors where outlays for physical capital cease to present significant entry barriers, is that one of these days knowledge workers may push their "personal carts" out of the organization altogether, and decide they can do everything just as well without the company.


  B. The Advantages of Value Creation Outside the Cash Nexus



  We already examined, in Chapters Three and Five, the tendencies toward a sharp reduction in the number of wage hours worked and increased production of value in the informal sector. From the standpoint of efficiency and bargaining power, this has many advantages.


  On the individual level, a key advantage of the informal and household economy lies in its offer of an alternative to wage employment for meeting a major share of one's subsistence needs, and the increased bargaining power of labor in what wage employment remains.


  How much does the laborer increase his freedom if he happens to own a home, so that there is no landlord to evict him, and how much still greater is his freedom if he lives on a homestead where he can produce his own food?


  That the possession of capital makes a man independent in his dealings with his fellows is a self-evident fact. It makes him independent merely because it furnishes him actually or potentially means which he can use to produce support for himself without first securing the permission of other men.921


  Ralph Borsodi demonstrated some eight decades ago—using statistics!—that the hourly “wage” from gardening and canning, and otherwise replacing external purchases with home production, is greater than the wages of most outside employment.922


  Contra conventional finance gurus like Suze Orman, who recommend investments like lifetime cost averaging of stock purchases, contributing to a 401k up to the employer's maximum matching contribution, etc., the most sensible genuine investment for the average person is capital investment in reducing his need for outside income. This includes building or purchasing the roof over his head as cheaply and paying it off as quickly as possible, and substituting home production for purchases with wage money whenever the first alternative is reasonably competitive. Compared to the fluctuation in value of financial investments, Borsodi writes,


  the acquisition of things which you can use to produce the essentials of comfort—houses and lands, machines and equipment—are not subject to these vicissitudes.... For their economic utility is dependent upon yourself and is not subject to change by markets, by laws or by corporations which you do not control.923


  The home producer is free from “the insecurity which haunts the myriads who can buy the necessaries of life only so long as they hold their jobs.”924 A household with no mortgage payment, a large garden and a well-stocked pantry might survive indefinitely (if inconveniently) with only one part-time wage earner.


  As we saw in Chapter Three, the evaporation of rents on artificial property rights like “intellectual property,” and the rapid decline of capital outlays for physical production, mean a crisis in the ability to capture value from production. But, turning this on its head, it also means a collapse in the costs of living. As Bruce Sterling argued half facetiously (does he ever argue otherwise?), increased knowledge creates “poverty” in the sense that when everything is free, nothing is worth anything. But conversely, when nothing is worth everything, everything is free. And a world of free goods, while quite inconvenient for those who used to make their living selling those goods, is of a less unambiguously bad character for those who no longer need to make as much of a living to pay for stuff. When everything is free, the pressure to make a living in the first place is a lot less.


  Waiting for the day of realization that Internet knowledge-richness actively MAKES people economically poor. “Gosh, Craigslist has such access to ultra-cheap everything now… hey wait a second, where did my job go?”


  Someday the Internet will offer free food and shelter. At that point, hordes simply walk away. They abandon capitalism the way a real-estate bustee abandons an underwater building.925


  C. More Efficient Extraction of Value from Inputs


  John Robb uses STEMI compression, an engineering analysis template, as a tool for evaluating the comparative efficiency of his proposed Resilient Communities:


  In the evolution of technology, the next generation of a particular device/program often follows a well known pattern in the marketplace: its design makes it MUCH cheaper, faster, and more capable. This allows it to crowd out the former technology and eventually dominate the market (i.e. transistors replacing vacuum tubes in computation). A formalization of this developmental process is known as STEMI compression:


  Space. Less volume/area used.


  Time. Faster.


  Energy. Less energy. Higher efficiency.


  Mass. Less waste.


  Information. Higher efficiency. Less management overhead.


  So, the viability of a proposed new generation of a particular technology can often be evaluated based on whether it offers a substantial improvement in the compression of all aspects of STEMI without a major loss in system complexity or capability. This process of analysis also gives us an "arrow" of development that can be traced over the life of a given technology.


  The relevance of the concept, he suggests, may go beyond new generations of technology. “Do Resilient Communities offer the promise of a generational improvement over the existing global system or not?”


  In other words: is the Resilient Community concept (as envisioned here) a viable self-organizing system that can rapidly and virally crowd out existing structures due to its systemic improvements? Using STEMI compression as a measure, there is reason to believe it is:


  Space. Localization (or hyperlocalization) radically reduces the space needed to support any given unit of human activity. Turns useless space (residential, etc.) into productive space.


  Time. Wasted time in global transport is washed away. JIT (just in time production) and place.


  Energy. Wasted energy for global transport is eliminated. Energy production is tied to locality of use. More efficient use of solar energy (the only true exogenous energy input to our global system).


  Mass. Less systemic wastage. Made to order vs. made for market.


  Information. Radical simplification. Replaces hideously complex global management overhead with simple local management systems.926


  The contrast between Robb's Resilient Communities and the current global system dovetails, more or less, with that between our two economies. And his STEMI compression template, as a model for analyzing the alternative economy's superiorities over corporate capitalism, overlaps with a wide range of conceptual models developed by other thinkers. Whether it be Buckminster Fuller's ephemeralization, or lean production's eliminating muda and “doing more and more with less and less,” the same general idea has a very wide currency.


  A good example is what Mamading Ceesay calls the “economies of agility.” The emerging postindustrial age is a “network age where emerging Peer Production will be driven by the economies of agility.”


  Economies of scale are about driving down costs of manufactured goods by producing them on a large scale. Economies of agility in contrast are about quickly being able to switch between producing different goods and services in response to demand.927


  If the Toyota Production System is a quantum improvement on Sloanist mass-production in terms of STEMI compression and the economics of agility, and networked production on the Emilia-Romagna model is a similar advancement on the TPS, then the informal and household economy is an order of magnitude improvement on both of them.


  Jeff Vail uses the term “Rhizome” for the forms of organization associated with Robb's Resilient Communities, and with the alternative economy in general: “an alternative mode of human organization consisting of a network of minimally self-sufficient nodes that leverage non-hierarchal coordination of economic activity.”


  The two key concepts in my formulation of rhizome are 1) minimal self-sufficiency, which eliminates the dependencies that accrete [sic] hierarchy, and 2) loose and dynamic networking that uses the "small worlds" theory of network information processing to allow rhizome to overcome information processing burdens that normally overburden hierarchies.928


  By these standards, the alternative economy that we saw emerging from the crises of state capitalism in previous chapters is capable of eating the corporate-state economy for lunch. Its great virtue is its superior efficiency in using limited resources intensively, as opposed to mass-production capitalist industry's practice of adding subsidized inputs extensively. The alternative economy reduces waste and inefficiency through the greater efficiency with which it extracts use-value from a given amount of land or capital.


  An important concept for understanding the alternative economy's more efficient use of inputs is “productive recursion,” which Nathan Cravens uses to refer to the order of magnitude reduction in labor required to obtain a good when it is produced in the social economy, without the artificial levels of overhead and waste associated with the corporate-state nexus.929 Savings in productive recursion include (say) laboring to produce a design in a fraction of the time it would take to earn the money to pay for a proprietary design, or simply using an open source design; or reforging scrap metal at a tenth the cost of using virgin metal.930


  Production methods lower the cost of products when simplified for rapid replication. That is called productive recursion. Understanding productive recursion is the first step to understanding how we need to restructure Industrial economic systems in response to this form of technological change. If Industrial systems are not reconfigured for productive recursion, they will collapse before reaching anywhere near full automation. I hope this writing helps divert a kink in the proliferation of personal desktop fabrication and full productive automation generally.931


  He cites, from Neil Gershenfeld's Fab, a series of “cases that prove the theory of productive recursion in practice.” One example is the greatly reduced cost for cable service in rural Indian villages, “due to reverse engineered satellite receivers by means of distributed production.” Quoting from Fab:


  A typical village cable system might have a hundred subscribers, who pay one hundred rupees (about two dollars) per month. Payment is prompt, because the "cable-wallahs" stop by each of their subscribers personally and rather persuasively make sure that they pay. Visiting one of these cable operators, I was intrigued by the technology that makes these systems possible and financially viable.


  A handmade satellite antenna on his roof fed the village's cable network. Instead of a roomful of electronics, the head end of his cable network was just a shelf at the foot of his bed. A sensitive receiver there detects and interprets the weak signal from the satellite, then the signal is amplified and fed into the cable for distribution around the village. The heart of all this is the satellite receiver, which sells for a few hundred dollars in the United States. He reported that the cost of his was one thousand rupees, about twenty dollars.932


  The cheap satellite receiver was built by Sharp, which after some legwork Gershenfeld found to be “an entirely independent domestic brand” run out of a room full of workbenches in a district of furniture workshops in Delhi.


  They produced all of their own products, although not in that room—done there, it would cost too much. The assembly work was farmed out to homes in the community, where the parts were put together. Sharp operated like a farm market or grain elevator, paying a market-based per-piece price on what was brought in. The job of the Sharp employees was to test the final products.


  The heart of the business was in a back room, where an engineer was busy taking apart last-generation video products from developed markets. Just as the students in my fab class would learn from their predecessors' designs and use them as the starting point for their own, this engineer was getting a hands-on education in satellite reception from the handiwork of unknown engineers elsewhere. He would reverse engineer their designs to understand them, then redo the designs so that they could be made more simply and cheaply with locally available components and processes. And just as my students weren't guilty of plagiarism because of the value they added to the earlier projects, this engineer's inspiration by product designs that had long since become obsolete was not likely to be a concern to the original satellite-receiver manufacturers.


  The engineer at the apex of the Sharp pyramid was good at his job, but also frustrated. Their business model started with existing product designs. The company saw a business opportunity to branch out from cable television to cable Internet access, but there weren't yet available obsolete cable modems using commodity parts that they could reverse-engineer. Because cable modems are so recent, they use highly integrated state-of-the-art components that can't be understood by external inspection, and that aren't amenable to assembly in a home. But there no technological reason that data networks couldn't be produced in just this way, providing rural India with Internet access along with Bollywood soap operas....


  ...There isn't even a single entity with which to partner on a joint venture; the whole operation is fundamentally distributed.933


  Another example of productive recursion, also from Gershenfeld's experiences in India, is the reverse engineering of ground resistance meters.


  For example, the ground resistance meters that were used for locating water in the area cost 25,000 rupees (about $500). At Vigyan Ashram they bought one, stripped it apart, and from studying it figured out how to make them for just 5,000 rupees.... Another example arose because they needed a tractor on the farm at Vigyan Ashram, but could not afford to buy a new one. Instead, they developed their own "MechBull" made out of spare jeep parts for 60,000 rupees ($1,200). This proved to be so popular that a Vigyan Ashram alum built a business making and selling these tractors.934


  Yet another is a walk-behind tractor, developed from a modified motorcycle within Anil Gupta's “Honeybee Network” (an Indian alternative technology group).


  Modeled on how honeybees work—collecting pollen without harming the flowers and connecting flowers by sharing the pollen—the Honeybee Network collects and helps develop ideas from grassroots inventors, sharing rather than taking their ideas. At last count they had a database of ten thousand inventions.


  One Indian inventor couldn't afford or justify buying a large tractor for his small farm; it cost the equivalent of $2,500. But he could afford a motorcycle for about $800. So he came up with a $400 kit to convert a motorcycle into a three-wheeled tractor (removable of course, so that it's still useful as transportation). Another agricultural inventor was faced with a similar problem in applying fertilizer; his solution was to modify a bicycle.935


  According to Marcin Jakubowski of Open Source Ecology, the effects of productive recursion are cumulative. “Cascading Factor 10 cost reduction occurs when the availability of one product decreases the cost of the next product.”936 We already saw, in Chapter Five, the specific case of the CEB Press, which can be produced for around 20% of the cost of purchasing a competing commercial model.


  Amory Lovins and his coauthors, in Natural Capitalism, described the cascading cost savings (“Tunneling Through the Cost Barrier”) that result when the efficiencies of one stage of design reduce costs in later stages. Incremental increases in efficiency may increase costs, but large-scale efficiency improvements in entire designs may actually result in major cost reductions. Improving the efficiency of individual components in isolation can be expensive, but improving the efficiency of systems can reduce costs by orders of magnitude.937


  Much of the art of engineering for advanced resource efficiency involves harnessing helpful interactions between specific measures so that, like loaves and fishes, the savings keep on multiplying. The most basic way to do this is to “think backward,” from downstream to upstream in a system. A typical industrial pumping system, for example..., contains so many compounding losses that about a hundred units of fossil fuel at a typical power station will deliver enough electricity to the controls and motor to deliver enough torque to the pump to deliver only ten units of flow out of the pipe—a loss factor of about tenfold.


  But turn those ten-to-one compounding losses around backward..., and they generate a one-to-ten compounding saving. That is, saving one unit of energy furthest downstream (such as by reducing flow or friction in pipes) avoids enough compounding losses from power plant to end use to save about ten units of fuel, cost, and pollution back at the power plant.938


  To take another example, both power steering and V-8 engines resulted from Detroit's massive increases in automobile weight in the 1930s, along with marketing-oriented decisions to add horsepower that would be idle except during rapid acceleration. The introduction of lightweight frames, conversely, makes possible the use of much lighter internal combustion engines or even electric motors, which in turn eliminate the need for power steering.


  Most of the order-of-magnitude efficiencies of whole-system design that Lovins et all describe result, not from new technology, but from more conscious use of existing technology: what Edwin Land called “the sudden cessation of stupidity” or “stopping having an old idea.”939 Simply combining existing technological elements in the most effective way can result in efficiency increases of Factor Four, Factor Eight, or more. The overall designs are generally the kinds of mashups of off-the-shelf technology that Cory Doctorow and Murray Bookchin comment on below.


  The increased efficiencies result from a design process like Eric Raymond's Bazaar: designers operate intelligently, with constant feedback.940 The number of steps and the transaction costs involved in aggregating user feedback with the design process are reduced. The inefficiencies that result from an inability to “think backward” are far more likely to occur in a stovepiped organizational framework, where each step or part is designed in isolation by a designer whose relation to the overall process is mediated by a bureaucratic hierarchy. For example, in building design:


  Conventional buildings are typically designed by having each design specialist “toss the drawings over the transom” to the next specialist. Eventually, all the contributing specialists' recommendations are integrated, sometimes simply by using a stapler.941


  This approach inevitably results in higher costs, because increased efficiencies of a single step taken in isolation generally are governed by a law of increased costs and diminishing returns. Thicker insulation, better windows, etc., cost more than their conventional counterparts. Lighter materials and more efficient engines for a car, similarly, cost more than conventional components. So optimizing the efficiency of each step in isolation follows a rising cost curve, with each marginal improvement in efficiency of the step costing more than the last. But by approaching design from the perspective of a whole system, it becomes possible to “tunnel through the cost barrier”:


  When intelligent engineering and design are brought into play, big savings often cost less up front than small or zero savings. Thick enough insulation and good enough windows can eliminate the need for a furnace, which represents an investment of more capital than those efficiency measures cost. Better appliances help eliminate the cooling system, too, saving even more capital cost. Similarly, a lighter, more aerodynamic car and a more efficient drive system work together to launch a spiral of decreasing weight, complexity and cost. The only moderately more efficient house and car do cost more to build, but when designed as whole systems, the superefficient house and car often cost less than the original, unimproved versions.942


  While added insulation and tighter windows increase the cost of insulation or windows, taken in isolation, if integrated into overall building design they may reduce total costs up front by reducing the required capacity—and hence outlays on capital equipment—of heating and cooling systems. A more energy-efficient air conditioner, given unchanged cooling requirements, will cost more; but energy-efficient windows, office equipment, etc., can reduce the cooling load by 85%, and thus make it possible to replace the cooling system with one three-fourths smaller than the original—thereby not only reducing the energy bill by 75%, but enormously reducing capital expenditures on the air conditioner.943 The trick is to “do the right things in the right order”:


  ...if you're going to retrofit your lights and air conditioner, do the lights first so you can make the air conditioner smaller. If you did the opposite, you'd pay for more cooling capacity than you'd need after the lighting retrofit, and you'd also make the air conditioner less efficient because it would either run at part-load or cycle on and off too much.944


  This is also a basic principle of lean production: most costs come from five percent of point consumption needs, and from scaling the capacity of the load-bearing infrastructure to cover that extra five percent instead of just handling the first ninety-five percent. It ties in, as well, with another lean principle: getting production out of sync with demand (including the downstream demand for the output of one step in a process), either spatially or temporally, creates inefficiencies. Optimizing one stage without regard to production flow and downstream demand usually involves expensive infrastructure to get an in-process input from one stage to another, often with intermediate storage while it is awaiting a need. The total resulting infrastructure cost greatly exceeds the saving at individual steps. Inefficient synchronization of sequential steps in any process results in bloated overhead costs from additional storage and handling infrastructure.


  A good example of the cost-tunneling phenomenon was engineer Jan Schilham's work at the Interface carpet factory in Shanghai, which reduced horsepower requirements for pumping in one process twelvefold—while reducing capital costs. In conventional design, the factory layout and system of pipes are assumed as given, and the pumps chosen against that background.


  ...First, Schilham chose to deploy big pipes and small pumps instead of the original design's small pipes and big pumps. Friction falls as nearly the fifth power of pipe diameter, so making the pipes 50 percent fatter reduces their friction by 86 percent. The system needs less pumping energy—and smaller pumps and motors to push against the friction. If the solution is this easy, why weren't the pipes originally specified to be big enough? ...Traditional optimization compares the cost of fatter pipe with only the value of the saved pumping energy. This comparison ignores the size, and hence the capital cost, of the [pumping] equipment needed to combat the pipe friction. Schilham found he needn't calculate how quickly the savings would repay the extra up-front cost of the fatter pipe, because capital cost would fall more for the pumping and drive equipment than it would rise for the pipe, making the efficient system as a whole cheaper to construct.


  Second, Schilham laid out the pipes first and then installed the equipment, in reverse order from how pumping systems are conventionally installed. Normally, equipment is put in some convenient and arbitrary spot, and the pipe fitter is then instructed to connect point A to point B. the pipe often has to go through all sorts of twists and turns to hook up equipment that's too far apart, turned the wrong way, mounted at the wrong height, and separated by other devices installed in between....


  By laying out the pipes before placing the equipment that the pipes connect, Schilham was able to make the pipes short and straight rather than long and crooked. That enabled him to exploit their lower friction by making the pumps, motors, inverters and electricals even smaller and cheaper.945


  Vinay Gupta described some of the specific efficiencies involved in productive recursion, that combine to reduce the alternative economy's costs by an order of magnitude.946 The most important efficiency comes from distributed infrastructure which provides


  the same class of services that are provided by centralized systems like the water and power grids, but without the massive centralized investments in physical plant. For example, dry toilets and solar panels can provide high quality services household by household without a grid.


  The digital revolution and network organization interact with distributed infrastructure to remove most of the administrative and other transaction costs involved in getting the technologies to the people who can benefit from them. It is, in other words, governed by the rules of Raymond's Bazaar, which Robb made the basis of his “open source insurgency.”


  Distributed infrastructure also benefits from “economies of agility,” as opposed to the enormous capital outlays in conventional blockbuster investments that must frequently be abandoned as “sunk costs” when the situation changes or funding stops. “...[H]alf a dam is no dam at all, but 500 of 1000 small projects is half way to the goal.” And distributed infrastructure projects manage to do without the enormous administrative and overhead costs of conventional organizations, which we saw described by Paul Goodman in Chapter Two; most of the organization and planning are done by those with the technical knowledge and sweat equity, who are directly engaged in the project and reacting to the situation on the ground.


  And finally, Gupta argues, distributed finance—microcredit—interacts with distributed infrastructure and network organization to heighten the advantages of agility and low overhead still further.


  We also saw, in Chapter Five, the ways that modular design and the forms of stigmergic organization facilitated by open-source design contribute to lower costs. Modular design is a way of getting more bang for the R&D buck by maximizing use of a given innovation across an entire product ecology, and at the same time building increased redundancy into the system through interchangeable parts.947 And stigmergic organization with open-source designs eliminates barriers to widespread use of the most efficient existing designs.


  Malcolm Gladwell's “David vs. Goliath” analysis of military history is an excellent illustration of the economies of agility. Victory goes to the bigger battalions about seven times out of ten—when Goliath outnumbers David ten to one, that is. But when the smaller army, outnumbered ten to one, acknowledges the fact and deliberately chooses unconventional tactics that target Goliath's weaknesses, it actually wins about six times out of ten. “When underdogs choose not to play by Goliath’s rules, they win...” Guerrilla fighters from J.E.B. Stuart to T. E. Lawrence to Ho Chi Minh have learned, as General Maurice de Saxe put it, that victory is about legs rather than arms. As Lawrence wrote, “Our largest available resources were the tribesmen, men quite unused to formal warfare, whose assets were movement, endurance, individual intelligence, knowledge of the country, courage.”948 Another good example is what the U.S. military (analyzing Chinese asymmetric warfare capabilities) calls “Assassin's Maces”: “anything which provides a cheap means of countering an expensive weapon.” A good example is the black box that transmits ten thousand signals on the same frequency used by SAM missiles, and thus overwhelms American air-to-surface missiles which target SAM radio signals. The Chinese, apparently, work from the assumption that the U.S. develops countermeasures to “Assassin's Mace” weapons, and deliberately make it easier for American intelligence to acquire older such weapons as a form of disinformation; there's good reason to believe the Chinese military can work around American countermeasures much more quickly, and cheaply, than the U.S. can develop them.949


  A recent example of “Assassin's Mace” technology is Skygrabber, an off-the-shelf software product that costs $26. Insurgents in Afghanistan use it to capture video feeds from U.S. military drones. The Pentagon has known about the problem since the Balkan wars, but—get this—didn't bother spending the money to encrypt the feed because they “assumed local adversaries wouldn't know how to exploit it.”950 In our discussion of networked resistance in Chapter Three, if you recall, we saw that the music industry assumed its DRM only had to be good enough to thwart the average user, because the geeks who could crack it would be too few to have a significant economic impact. But as Cory Doctorow pointed out, it takes only one geek to figure it out and then explain it to everybody else. It's called “stigmergic organization.” Well, here's Dat Ole Debbil stigmergy again, and the Pentagon's having about as much fun with it as the record companies. John Robb describes the clash of organizational cultures:


  This event isn't an aberration. It is an inevitable development, one that will only occur more and more often. Why? Military cycles of development and deployment take decades due to the dominance of a lethargic, bureaucratic, and bloated military industrial complex. Agility isn't in the DNA of the system nor will it ever be (my recent experience with a breakthrough and inexpensive information warfare system my team built, is yet another example of how FAIL the military acquisition system is).


  In contrast, vast quantities of cheap/open/easy technologies (commercial and open source) are undergoing rapid rates of improvement. Combined with tinkering networks that can repurpose them to a plethora of unintended needs (like warfare), this development path becomes an inexorable force. The delta (a deficit from the perspective of the status quo, an advantage for revisionists) between the formal and the informal will only increase as early stage networks that focus specifically on weapons/warfare quickly become larger, richer, etc. (this will happen as they are combined with the economic systems of more complex tribal/community "Darknets").951


  In theory, it's fairly obvious what the U.S. national security establishment needs to do. All the assorted “Fourth Generation Warfare” doctrines are pretty much agreed on that. It has to reconfigure itself as a network, more decentralized and agile than the network it's fighting, so that it can respond quickly to intelligence and small autonomous units can “swarm” enemy targets from many directions at once.952 The problem is, it's easier said than done. Al Qaeda had one huge advantage over the U.S. national security establishment: Osama bin Laden is simply unable to interfere with the operations of local Al Qaeda cells in the way that American military bureaucracies interfere with the operations of military units. No matter what 4GW doctrine calls for, no matter what the slogans and buzzwords at the academies and staff colleges say, it will be impossible to do any of it so long as the military bureaucracy exists because military bureaucracies are constitutionally incapable of restraining themselves from interference. Robb describes the problem. He quotes Jonathan Vaccaro's op-ed from the New York Times:


  In my experience, decisions move through the process of risk mitigation like molasses. When the Taliban arrive in a village, I discovered, it takes 96 hours for an Army commander to obtain necessary approvals to act. In the first half of 2009, the Army Special Forces company I was with repeatedly tried to interdict Taliban. By our informal count, however, we (and the Afghan commandos we worked with) were stopped on 70 percent of our attempts because we could not achieve the requisite 11 approvals in time.


  For some units, ground movement to dislodge the Taliban requires a colonel’s oversight. In eastern Afghanistan, traveling in anything other than a 20-ton mine-resistant ambush-protected vehicle requires a written justification, a risk assessment and approval from a colonel, a lieutenant colonel and sometimes a major. These vehicles are so large that they can drive to fewer than half the villages in Afghanistan. They sink into wet roads, crush dry ones and require wide berth on mountain roads intended for donkeys. The Taliban walk to these villages or drive pickup trucks.


  The red tape isn’t just on the battlefield. Combat commanders are required to submit reports in PowerPoint with proper fonts, line widths and colors so that the filing system is not derailed. Small aid projects lag because of multimonth authorization procedures. A United States-financed health clinic in Khost Province was built last year, but its opening was delayed for more than eight months while paperwork for erecting its protective fence waited in the approval queue.


  Communication with the population also undergoes thorough oversight. When a suicide bomber detonates, the Afghan streets are abuzz with Taliban propaganda about the glories of the war against America. Meanwhile, our messages have to inch through a press release approval pipeline, emerging 24 to 48 hours after the event, like a debutante too late for the ball.953


  Robb adds his own comments on just how badly the agility-enhancing potential of network technology is sabotaged:


  
    	Risk mitigation trumps initiative every time. Careers are more important than victory. Risk evaluation moves upward in the hierarchy. Evaluation of risk takes time, particularly with the paucity of information that can be accessed at positions removed from the conflict....


    	New communications technology isn't being used for what it is designed to do (enable decentralized operation due to better informed people on the ground). Instead it is being used to enable more complicated and hierarchical approval processes — more sign offs/approvals, more required processes, and higher level oversight. For example: a general, and his staff, directly commanding a small strike team remotely.954

  


  So long as the military bureaucracy exists, it will be impossible to put 4GW ideas into practice without interference from the pointy-haired bosses.


  Another example of the same phenomenon is the way the Transportation Security Administration deals with security threats: as the saying goes, by “always planning for the last war.”


  First they attacked us with box cutters, so the TSA took away anything even vaguely sharp or pointy. Then they tried (and failed) to hurt us with stuff hidden in their shoes. So the TSA made us take off our shoes at the checkpoint. Then there was a rumor of a planned (but never executed) attack involving liquids, so the TSA decided to take away our liquids.955


  Distributed infrastructure benefits, as well, from what Robb calls “scale invariance”956 : the ability of the part, in cases of system disruption, to replicate the whole. Each part conserves the features that define the whole, on the same principle as a hologram. Projects like Open-Source Ecology,957 once the major components of a local site are in place, can duplicate any of the individual components or duplicate them all to create a second site. The Fab Lab can produce the parts for a steam engine, CEB press, tractor, sawmill, etc., or even the machine tools for another Fab Lab.


  Distributist writer John Medaille pointed out, by private email, that the Israelites under the Judges were a good example of superior extraction of value from inputs. At a time when the “more civilized” Philistines dominated most of the fertile valleys of Palestine, the Israelite confederacy stuck to the central highlands. But their “alternative technology,” focused on extracting more productivity from marginal land, enabled them to make more intensive use of what was unusable to the Philistines.


  The tribes clung to the hilltops because the valleys were "owned" by the townies (Philistines) and the law of rents was in full operation. The Hebrews were free in the hills, and increasingly prosperous, both because of their freedom and because of new technologies, namely contoured plowing and waterproof cement, which allowed the construction of cisterns to put them through the dry season.958


  In other words, a new technological regime supplanted a more privileged form of society through superior efficiency, despite being disadvantaged in access to productive inputs. The Hebrews were able to outcompete the dominant social system by making more efficient and intensive use of inputs that were “unusable” with conventional methods of economic organization.


  The alternative economy, likewise, has taken for its cornerstone the stone which the builders refused. As I put it in a blog post (in an admittedly grandiose yet nevertheless eminently satisfying passage):


  …[T]he owning classes use less efficient forms of production precisely because the state gives them preferential access to large tracts of land and subsidizes the inefficiency costs of large-scale production. Those engaged in the alternative economy, on the other hand, will be making the most intensive and efficient use of the land and capital available to them. So the balance of forces between the alternative and capitalist economy will not be anywhere near as uneven as the distribution of property might indicate.


  If everyone capable of benefiting from the alternative economy participates in it, and it makes full and efficient use of the resources already available to them, eventually we'll have a society where most of what the average person consumes is produced in a network of self-employed or worker-owned production, and the owning classes are left with large tracts of land and understaffed factories that are almost useless to them because it's so hard to hire labor except at an unprofitable price. At that point, the correlation of forces will have shifted until the capitalists and landlords are islands in a mutualist sea—and their land and factories will be the last thing to fall, just like the U.S Embassy in Saigon.959


  Soderberg refers to the possibility that increasing numbers of workers will "defect from the labour market" and "establish means of non-waged subsistence," through efficient use of the waste products of capitalism.960 The "freegan" lifestyle (less charitably called "dumpster diving") is one end of a spectrum of such possibilities. At the other end is low-cost recycling and upgrading of used and discarded electronic equipment: for example, the rapid depreciation of computers makes it possible to add RAM to a model a few years old at a small fraction of the cost of a new computer, with almost identical performance.


  Reason's Brian Doherty, in a display of rather convoluted logic, attempted to depict freeganism as proof of capitalism's virtues:


  It's nice of capitalism to provide such an overflowing cornucopia that the [freegans] of the world can opt out. Wouldn't it be gracious of them to show some love to the system that manages to keep them alive and thriving without even trying?961


  To take Doherty's argument and stand it on its head, consider the amount of waste resulting from the perverse incentives under the Soviet planned economy. In some cases, new refrigerators and other appliances were badly damaged by being roughly thrown off the train and onto a pile at the point of delivery, because the factory got credit simply for manufacturing them, and the railroad got credit for delivering them, under the metrics of the Five Year Plan. Whether they actually worked, or arrived at the retailer in a condition such that someone was willing to buy them, was beside the point. Now, imagine if some handy fellow in the Soviet alternative economy movement had bought up those fridges as factory rejects for a ruble apiece, or just bought them for scrap prices from a junkyard, and then got them in working order at little or no cost. Would Doherty be praising Soviet socialism for its efficiency in producing such a surplus that the Russian freegan could live off the waste?


  When the alternative economy is able to make more efficient use of the waste byproducts of state capitalism—waste byproducts that result from the latter's inefficient use of subsidized inputs—and thereby supplant state capitalism from within by the superior use of its underutilized resources and waste, it is rather perverse to dismiss the alternative economy as just another hobby or lifestyle choice enabled by the enormous efficiencies of corporate capitalism. And the alternative economy is utilizing inputs that would otherwise be waste, and thereby establishing an ecological niche based on the difference between capitalism's actual and potential efficiencies; so to treat capitalism's inefficiencies as a mark of efficiency—i.e., how inefficient it can afford to be—is a display of Looking Glass logic.


  The alternative economy's superior extraction of value from waste inputs extends, ultimately, to the entire economy.


  If these isolated nodes of self-sufficiency connect, communicate, and interact, then they will enjoy an improve position relative to hierarchal structures....


  Additionally, from the perspective of the diagonal, the Diagonal Economy will begin as a complementary structure that is coextensive but out of phase with our current system. However, it will be precisely because it leverages a more efficient information processing structure that it will be able to eventually supplant the substrate hierarchies as the dominant system.962


  One example of how the alternative economy permits the increasingly efficient extraction of value from waste material, by the way, is the way in which network technology facilitates repair even within the limits of proprietary design and the planned obsolescence model. In Chapter Two, we considered Julian Sanchez's account of how Apple's design practices serve to thwart cheap repair. iFixit is an answer to that problem:


  Kyle Wiens and Luke Soules started iFixit (ifixit.com) out of their dorms at Cal Poly in San Luis Obispo, Calif. That was six years ago. Today they have a self-funded business that sells the parts and tools you need to repair Apple equipment. One of their innovations is creating online repair manuals for free that show you how to make the repairs.


  “Our biggest source of referrals is Apple employees, particularly folks at the Genius Bar,” Wien says. They refer customers who complain when Apple won't let them fix an out-of-warranty product. (Apple: “Just buy a new one!”)


  iFixit will also buy your old Mac and harvest the reusable parts to resell.... If it's starting to sound like an auto parts franchise, well, Wiens and Soules have been thinking about someday doing for cars what they do for computers and handhelds today.963


  In other words, the same open-source insurgency model that governs the file-sharing movement is spreading to encompass the development of all kinds of measures for routing around planned obsolescence and the other irrationalities of corporate capitalism. The reason for the quick adaptability of fourth generation warfare organizations, as described by John Robb, is that any innovation developed by a particular cell becomes available to the entire network. And by the same token, in the file-sharing world, it's not enough that DRM be sufficiently hard to circumvent to deter the average user. The average user need only use Google to benefit from the superior know-how of the geek who has already figured out how to circumvent it. Likewise, once anyone figures out how to circumvent any instance of planned obsolescence, their hardware hack becomes part of a universally accessible repository of knowledge.


  As Cory Doctorow notes, cheap technologies which can be modularized and mixed-and-matched for any purpose are just lying around. “...[T]he market for facts has crashed. The Web has reduced the marginal cost of discovering a fact to $0.00.” He cites Robb's notion that “[o]pen source insurgencies don't run on detailed instructional manuals that describe tactics and techniques.” Rather,they just run on “plausible premises.” You just put out the plausible premise—i.e., the suggestion based on your gut intuition, based on current technical possibilities, that something can be done—that IED's can kill enemy soldiers, and then anyone can find out how to do it via the networked marketplace of ideas, with virtually zero transaction costs.


  But this doesn't just work for insurgents — it works for anyone working to effect change or take control of her life. Tell someone that her car has a chip-based controller that can be hacked to improve gas mileage, and you give her the keywords to feed into Google to find out how to do this, where to find the equipment to do it — even the firms that specialize in doing it for you.


  In the age of cheap facts, we now inhabit a world where knowing something is possible is practically the same as knowing how to do it.


  This means that invention is now a lot more like collage than like discovery.


  Doctorow mentions Bruce Sterling's reaction to the innovations developed by the protagonists of his (Doctorow's) Makers: “There's hardly any engineering. Almost all of this is mash-up tinkering.” Or as Doctorow puts it, it “assembles rather than invents.”


  It's not that every invention has been invented, but we sure have a lot of basic parts just hanging around, waiting to be configured. Pick up a $200 FPGA chip-toaster and you can burn your own microchips. Drag and drop some code-objects around and you can generate some software to run on it. None of this will be as efficient or effective as a bespoke solution, but it's all close enough for rock-n-roll.964


  Murray Bookchin anticipated something like this back in the 1970s, writing in Post-Scarcity Anarchism:


  Suppose, fifty years ago, that someone had proposed a device which would cause an automobile to follow a white line down the middle of the road, automatically and even if the driver fell asleep.... He would have been laughed at, and his idea would have been called preposterous.... But suppose someone called for such a device today, and was willing to pay for it, leaving aside the question of whether it would actually be of any genuine use whatever. Any number of concerns would stand ready to contract and build it. No real invention would be required. There are thousands of young men in the country to whom the design of such a device would be a pleasure. They would simply take off the shelf some photocells, thermionic tubes, servo-mechanisms, relays, and, if urged, they would build what they call a breadboard model, and it would work. The point is that the presence of a host of versatile, reliable, cheap gadgets, and the presence of men who understand all their cheap ways, has rendered the building of automatic devices almost straightforward and routine. It is no longer a question of whether they can be built, it is a question of whether they are worth building.965


  D. Seeing Like a Boss


  The contrast in agility and learning ability between stigmergic organizations and hierarchies is beautifully brought out by David Pollard:


  So Management by SMART Objective [Specific, Measurable, Achievable, Realistic, and Time-Based—Peter Drucker] leads to this ludicrous and dysfunctional dance:


  
    	Leaders hire ‘expert’ consultants, or huddle among themselves, or decide by fiat, what the SMART objectives should be for their organization: “increase revenues by 10% and profits by 20% next year by introducing ‘improved’ versions of 15 selected products that can be sold for an average price 25% higher than the old version, and which, through internal efficiencies, cost 15% less per unit to produce”


    	These leaders then ‘cascade down’ these objectives and command subordinates to come up with SMART business unit plans that will, if successful, collectively achieve these top-level objectives.


    	The subordinates understand that their success depends on ratcheting up profits, and that the objectives set by the leaders are ridiculous, magical thinking. So they come up with alternative plans to increase profits by 20% through a series of difficult, but realistic, moves. These entail offshoring everything to China, layoffs, pressuring staff to work longer hours for no more money, and, if all else fails, firing people or leaving vacancies unfilled.


    	The good people in the organization all leave, because they know this short-range thinking is dysfunctional, damaging to the organizations in the longer term, unsustainable, and a recipe for a miserable workplace. Their departure creates more vacancies that aren’t filled, which in the short term reduces costs.


    	The clueless and the losers, who are left, attempt to pick up the slack. They work harder, find workarounds for the dumbest management decrees, and do their best to achieve these objectives. Those fortunate enough to be in the right market areas in the right economies get promoted into some of the vacant spots left by the good people, but without the commensurate salary increase.


    	The leaders, as a result, achieve their short-run objectives, award themselves huge bonuses, profit from increases in the value of their stock options, and repeat the whole cycle the next year.
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      The first uprising against corporate power, in the late 19th century, was defeated by the need for capital. The present one will destroy the old system by making capital superfluous.
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