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How widely can you dstribute software for adollar? A precise answer to

this ample question helps explain the growing importance of cooperatively
developed software? packages such as Apache andthe Linux kenel. \

nyone aware of the benefits of natual gas as an energy source will be

shocked if they drive near certain remote Texas oil fields at night. There

they can see orange flames dhooting up tens of meters into the ar, the

result of the burning each month of thousands of cubic meters of natural
gas. Given global demand for natural gas, the question is obvious: Why is this
valuable resourceliterally going up in smoke?

6WUDQGHREBHV

Natural gas from remote oil fields is known in the oil industry as stranded gas. It is burned for
a simple reason: such gas is  voluminous that there is no easy way to get it out of an oil field
without losing money. The first pane of Figure 1 shows granded resources as production centers
whose range of cost-effedive transportation is ®verely limited.

7UDQVSRUWDWLRQ DQG 6\QHUJ

What if the natural gas transportation problem could be solved? The implications are many,
but the focus here is on how low-cost transportation might affed innovation. The rest of Figure 1
addresses innovation in terms of synergy, or how results that are greaer than the sum of the
individual parts arise. Unleashing the flow of natural gas creaes opportunities for innovators to
creae new, dependent products sich as gas furnaces (seeFigure 1, Synergy — Step 1). Since gas
furnaces are also resources from the perspedive of cold customers, they too can be distributed,
enabling still more products that are dependent on the avail abil ity of furnaces? (Steps 2 & 3).
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A synergy thread traces exadly one of these domino-like caise-and-effect paths between the
roat and tip of the thread, with synergy evaits (new products) marking each step of the thread.
Threads grow by adding synergy events at their tips. Since ea&h threal traces only one path,
threads lit along their lengths if more than one product is added. (A separate @nstruct, the
synergy tree can be used to map all the threals originating from one synergy event.) Synergy
loops are aspecial case in which the thread tip returns to its root. Synergy loops are interesting
because they provide return benefits to the original innovator, and so have the potential to
influence product release decisions by that innovator. ®

In Figure 1, the innovators are padked tightly together. In a red emnomy, such innovators
would more typically be scattered randomly among tens or hundreds of thousands of users,
participants who rely on innovations but do not contribute diredly to the synergy process The
resulting matrix of a large number of users, a sprinkling of innovators, low-cost transportation,
and minimal restrictions on product distribution is better known as a freemarket econamy. *°

Given this link to economies, synergy threads provide an interesting analyticd technique for
exploring the relationship between innovation and freemarket economies — that is, to building
an endogenous theory of technical innovation.® Stranded resources are an example of how the
absence of synergy threads correlates grongly with an economy in stagnation. A digital watch,
on the other hand, is possible only through the intertwining of thousands of synergy threads with
diverse roots in eledronics, software, padaging, marketing, and many other fields. The eae
with which such examples can be found and analyzed leads to a central assumption of this paper,
which isthat ability of an ecmnomy to innovate is grongly correlated to the richnessand depth of
its palette, or total set, of synergy threals. At the very least, the aility of an emnomy to
innovate is drongly reflected by the hedth of its palette of synergy threads. A civilizaion that
loses or cagps its synergy threals is in decline, since its ability to innovate will shrink along with
its synergy threads. ” More importantly, it is argued in this paper that the synergy thread pelette
of an economy is dependent on a number of realily observable market features such as size,
configuration, production costs, transportation costs, and transadion costs.

Figure 1 began this analysis by pointing out the consequences of high transportation costs on
synergy. However, what if transportation costs cannot be reduced? Can synergy still be saved?
The answer is yes. Figure 2 shows how Coase @ndensation can be used to relocae resources
into a smaller region where synergy is gill possible. Ronald H. Coase originally developed this
concept by analyzing transactions, or the costs of finding, negotiating, and enforcing sales
contracts with customers.® Coase proposed that firms separate out of a freemarket economy to
provide e@nomic regions where transadion costs are low enough to permit innovation to occur.
Coase's concept can be represented graphically in transaction space, in which transaction costs
increase the farther away two points are locaed. The aedion of a firm is equivalent to the
relocaion, or concdensation, of selected resources into a much smaller region in transadion
gpace Within this smaller region, traversal costs are low enough for synergy to exist, abeit in a
lessened form. This lessening is due both to the smaller number of participants and the cost
penalties of moving those resources farther away from other useful resources in the same space.
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)LIXUH &RDMFRQHQVDWRRER/ LI KLIKOB WRXUR DUH VWUDQGHG DQG WKH FRVW RI
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PDNH VAQH SRVLEOH DW WKHPRRANYRIVKHP IDUVPKRWHKHRIRXUR/ ,Q &VH-V
RULJDQVUDQVDRYEIRGLE VZHUH WIRQGHQVDWERRMFRQHQVDWLRQ LQ JHRIJUDSKLFDC
VSDFHHVXOWV LQ FLWLHV FIRSSRUD DG RWKRUDEKLED ORFDOHFRRPLHV

Coase's condensation concept is not limited to transadion space. It can be generalized to any
well-defined cost space— that is, any spatial representation of resources in which the st of
relocation is proportional to dstance One need only look a a map to see examples of Coase
condensation in geographical space; they are clled cities. Geographicad Coase condensation is a
plausible solution to the problem of stranded natural gas, and would mean clustering users
around the gas ource This form of Coase @ndensation does not usually occur for natural gas
because it would simultaneously move users too far away from other resources of higher value,
such water, food, and entertainment. A resource with sufficient economic dtraction to overcome
such opposing cost tensions is gold; the resulting condensations are clled gold-rush towns.

OD[LPB®\ 6\QHUWN (FRQRIRL

Although Coase mndensation makes synergy possble in an economy of otherwise stranded
resources, it also unavoidably reduces the total synergy possible in a free-market economy. This
can be seen visually by comparing the synergy paths possible before condensation (Figure 1,
Step n) to those possible after condensation (Figure 2, panel 2). Because Coase mndensation
necessarily isolates sme subset of the total resources of the emnomy, a large number of possible
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synergy paths becwmme inacessible. One obvious consequence of this inacessibility is the
duplication seen in firms in the same industry. Such duplication is necessary if eah firm is to
have sufficient synergy to compete with other Coase condensations in the same market.

This observation presents an intriguing question: Are there any circumstances under which a
free-market economy can exhibit maximal synergy — that is, synergy that fully engages all the
resources of an eaconomy, without the need for Coase mndensation?

The first step in determining if maximally synergistic e@nomies are possible is to disentangle
synergy from market fadors that might otherwise ignore, mask, or subsume its effeds. The goa
isto let the “invisible hand”  of free markets operate not just on products, but on synergy itself.
The synergy loop in Figure 1, Steps 2 & 3, provides a focal point. Cost/benefit feedbadk loops
are adefining feaure of freemarket ecnomies, since they provide the mechanism by which
eoonomy-wide feedbadk can return to individuals and subtly guide their investment dedsions
towards actions that ultimately benefit the entire eonomy.

6\QHUJ\ 5DQJHV

The first step in understanding synergy loops is to develop a more predse definition of the
cost spacein which they exist. In addition to transportation costs, a full accounting must include
the margina production cost, ° or cost of producing each additional unit that is sent out.

Figure 3 shows the result obtained by combining transportation and marginal production costs
into a single metric, the synergy range, that defines how widely a producer caen distribute a
product for a fixed amount of money. The cmplexity of the mathematical definition of synergy
range belies its conceptual simplicity, which maps closely to the intuitive meaning of the arows
shown on stranded resources in Figure 1. The portrayal in Figure 3 of synergy range & the
volume of a geometric figure provides a more intuitive feel for how transportation and marginal
production costs are related to synergy range.

Notably, asthe synergy range increases, transportation costs increase to the third power, while
marginal production costs increase only to the second power (Figure 3, equation for consumption
of available funds F). Consequently, market-wide synergy success tends to be dominated by
transportation. Or stated conversely: Transportation infrastructure redly is a good investment,
because it helps increase market-wide synergy. *°

It isalso worth noting in the Figure 3 available funds equation that raising the density of users
d within a region adds cost a only a linear rate, while increasing R involves cubic increases in
cost as transportation begins to dominate over long distances. This provides me insights into
the underlying incentives for Coase condensation in real space Even when transportation costs
are low, pading synergy sources more tightly in real space often provides significantly lower
coststhan the alternative strategy of increasing the synergy radius to include more space

None of these results are particularly promising in terms of the ealier question of whether a
maximally synergistic eomnomy is possible in the real world. Even without looking at other
congtraints, the synergy range definition implies that Coase condensation is a deeply entrenched
feaure of freemarket economies, since it has roats in the basic physics of living in a three
dimensional world in which encompassing larger spaces unavoidably incurs larger cost penalties.
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t = transportation costs (per km)
Total volume shows funds needed (F) d = user density (per km?)
Radius shows limit of distribution (R) p = production costs (marginal)

F = available funds
= pR2dp + (2/3)ptdR3

R = feasible radius for direct product distribution (synergy range)
= 3] 3F/(4ptd) — p3/(8t3) + 2 (3F/(pd)) (3/(pd) — p3/t?) ] / (4t) ]
+3( 3F/(4ptd) — p3/(8t%) — 2 (3F/(pd)) (3/(pd) — p3/t?) ] / (4t) ]
— p/(2t)

JLIXUH 7KMH\QHUJ\ UIM)SRI D RGXAJ LV WKRIUDSKLFDO GLVWDQFH RYHU ZKLFK VKH FI
GLVWULEXWH D SURGXFW XYNQJDRQYSRUWDWILRRQEBYIAY GRXIKO\ SURSRUWLRQDO !
WKH FXELF URRWSRIRGXFWLRDEGERVQDWHB YV SSRUWLRQDO WR WKIRWTRIDUH U

ODUNHWER/UDLQWV

With synergy range & atool, it is now possible to analyze synergy loops more closely and
look for ways in which they can be made more relevant. The Figure 1 synergy loop example
aptly demonstrates why most such loops have little impad on producer dedsions. They are too
slow and unreliable (stochastic) to be relevant. It would, after all, be arare oil producer indeed
who would pay for gas distribution infrastructure based solely on the hope that users of the gas
might someday invent more dficient gas pipes and pumps that would crede anet savings for the
producer. It is this mismatch between slow-moving, stochastic synergy processes and rapid-
moving, goal-focused investment strategies that allows exogenous theories of innovation to
provide reasonable gproximations of many markets behaviors. *° Without a resolution of this
mismatch, feedbad from synergy loops will simply be ignored, and the odds of finding or
designing a maximally synergistic emnomy beame even less promising.
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The problem of making synergy loops relevant can be broken down into the five constraints
listed in Figure 4. The first two constraints deal with the stochastic nature of synergy loops. If
randomness is the problem, then averaging over large numbers of users is the only obvious
solution that does not rely on Coase mndensation. Constraint #1 (a very large market) can be
interpreted as a global market. Constraint #2 (a market-wide synergy range) is a restatement of
the maximal synergy challenge, since anything lessthan this will lead to Coase mndensations.
Combined with Constraint #1, it implies a need for globd synergy ranges.

Constraints for Creating a Maximally Synergetic Market

1. The market must be very large.

2. The synergy range for most products must encompass the entire market.

3. The average size of an innovation event must be very small (e.g., staff-hours).
4. Once accomplished, innovations must be redistributed rapidly.

5. A large number of innovators in the market must be persuaded to participate.

JLIXUH &RQVWUDLQWADWWUFE D PD@PM\QHUJILVWLF HFRQRP\

Synergy loops are also very slow, since it may take yeas or even decales for the benefits
represented by the tip of the synergy thread to return to the root producer. This leads to
Constraints #3 (small task size) and #4 (rapid redistribution), both of which addressthe need to
spead upsynergy loopsto time scales relevant to ordinary human decision making.

Asdifficult asthe first four constraints are, the last one may well be the most challenging. The
reason is that an ability to distribute products globally by meeting the first four constraints does
not guarantee that innovators will adually use such products. A well-defined participation
incentive is also neaded, one that focuses enough attention on ealier products to ensure their use
in later-generation innovations. Coase condensations do not have this problem, since within the
their more limited regions they can apply goal-oriented incentive strategies sich as slaries and
management-based tasking. We will return to the incentivization problem for creging maximally
synergistic emnomies after addressing whether systems exist that med the first four constraints.

6RMZDUH 6\QHUJ\ 5DQJHV

Software is an obvious garting point in the seach for systems that med the five wnstraints.
Contrary to what one might initially expect, software products are fully subjed to the dfeds of
Coase mondensation, despite being composed of non-physica information. The reason is that for
most of its $ort history as a marketable innovation, software has been padaged and transported
using physicd media. The use of such media makes ®ftware subjed to the same rules as other
massproduced technology items. Before the mid-1980s, sending a software product to another
user generally required mailing or otherwise transporting a tape or card dedk. Both the marginal
production costs and transportation costs for such media were typically in the range of several
dollars.** Consequently, synergy ranges were in the range of a few hundred meters or less. In
other words, programmers could only share software with a few co-workers and close friends.
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The mid-198Gs are significant becaise they mark the point where the Internet became astrong
enough global presenceto allow programmers to move avay from depending mainly on physical
media to transport software. 213141316 A5 shown in Figure 5, this move avay from limitations
imposed by physical mediaresulted in synergy ranges not easily matched by physicd products.

1 DWLDO* DV, assuming:
- Free transportation

- $1000 investment

5 HVXQAQV

- Per-unit mining costs dominate
- Distribution range is limited

6 RIVLD WH, assuming:

- Free transportation

- $1000 investment

5 HVXQV

- No per-unit (copying) limits

- Global distribution is feasible

)LIXUH 6\QHUJ\ UDQJHV GLIIHURD@YIRU SK\DOADQG WRIUH

SURGXFWV LYWQDQVSRUWDWLRQ LV I[UHH IRU D SK\VLFDO SURGXFW SHU X
PDUJLQDO SURGXFWLRQERWWWKHNLAQBUJ\ UDQJH )RU VRIWZDUH
PDUJLQDO SURGXFWLRQ FRVWARIBSIRBEOBVSRUWDWLRQ LV [UHH
UHVXOWLQJ LQ VAQHUJ\ UDQJHV WKQWHRSH JOREDO

The Internet was a unique event, but also one aout which much has already been written and
speaulated. 2*"1*1° Programmers went from stranded resources to having easy global access
within just a few yeas. Changes of this magnitude and rapidity are rare in history, especially for
changes have significant (albeit unclear) global ecnomic implications. What is relevant here is
that the global synergy ranges provided by the Internet for software do surprisingly well at
meeing maximal synergy Constraints #1 (global market) and #2 (global synergy range).

6RMZDUH 6\QHUJ\

If the premise that the size of the synergy range is critical to the growth of synergy threals,
then one would exped Internet-mediated increase in synergy ranges to have resulted in a wesalth
of new synergy threads.’ Figure 6 shows one such Internet-mediated synergy thread. The root
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of this particular thread starts with development of an editing program (GNU Emacs) and ends
with contracts to build some of the largest supercomputers® in the world. The stochastic,
unpredictable agpect of synergy is notable in the prominent presence of Linux Torvalds Linux
kernel, ¥ which the aeaors of the GNU tilities neither planned for nor anticipated. 2

eMNDGHEG 0°HOHIMA CBINX DrH e/ OHNY/
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)LIXUH ([DPSOH RI DQ ,QWPHGEMWHG V\QHUJ\ WKUHRG XBFK 6 HSHRQ HDUOLHU
SURGXFWV LQ WKLV DQG RVBKERDWIKLHOBY SURGXFW DW D Y RSEQHHFGNG $Q
VAQHUJ\ WKUHDG LV RERDWEDDMEOBIDRU [XUWKHM BUREZ V\QHUJ\ WKUHDGV

Closer examination of threads such as the one in Figure 6 provide insights into Constraints #3
(small task size) and #4 (rapid redistribution), both of which must be met to speal up synergy
loops to human time scales. By exchanging mostly small to very small changes and additions to
ealier work, Internet-mediated software threads allow programmers quite literally to see synergy
threads return to them within days or even hours of sending out their particular innovations.
Thus, for example, programmers who develop fixes or improvements to software tools often see
both integrated final products and further improvements returned to them within days.

7KH ORQH\ OWU\

There is a profound difficulty with this analysis. If software such as Apache and the Linux
operating system kernel are the result of the same synergy found in a freemarket economy, why
can they be downloaded for no charge? Isn’'t the profit motive also an integral component of all
free-market economies, and thus a prerequisite for making freemarket synergy work 141518
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This is an asped of Constraint #5, the need to persuade innovators to participate. Without
cash incentives, how can individuals around the globe be persuaded that providing their products
at no chargeto other innovators around the globe is worthwhile?

This question cannot be answered with a simple formula or data observation. Fortunately,
eacnomic precedents to this kind of behavior alrealy exist within free market ecnomies in the
form of infrastructure coperatives. Examples include rural eledric cooperatives that in the ealy
1900s helped bring eledricity to rural farmersin the U.S. and ather parts of the world. * Figure 7
shows a simple example of how a natural gas cooperative @uld in principle make acces to
stranded natural gas economical. (Note: Any red-world solution to stranded natural gas would
have to addressthe problem that gas urces change over time a older wellsrun dry.)

O =natural gas O =x100 customers |1 = pipe

Potential customers: 22,000
km of pipe needed: 11,000 @ $10K / km
Proprietary cost: $110 million (109)
Cooperative cost: $5K per customer

)LIXUH $QDWXUDORRSADWIYRZHUV LPHIM EDUULHUV E\
GLVWWUESLSHOH FRVRFRVV FXWRHY &RFSHUDWL YHPAEH
HFREPLFDO@BOH ZKHQ DQ DEXQGDQW VWUDQEHB[NAVRX

\WH QXPEJU Rl SRQWLDO FXVWRPHUV LV OBBIGFRME U\
LQIUDVWUXFWXUH MULGHMWERE FH\RRFRVWO\ RUWRRVORZ
RI D UHWXUQ WR DWNQUEZIFRQBRMH[WHUQDO LQYHVWRUV

The ideabehind an infrastructure cooperative isthat if the st of the infrastructure needed to
access a resource is too high to attrad outside investors, why not divide up the investment
problem among the intended users of that infrastructure? The gredaer the number of interested
usersis, and the stronger their interest in obtaining the resource, the more attractive a ooperative
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approach becomes for creating large infrastructure. In the rural eledric cooperatives of the ealy
190G, direa profit from the resource was not the motive for joining. Farmers, for example,
joined rural eledric cooperatives to gain access to al the equipment and lifestyle innovations
made possible by acessto eectricity, and not to sell eledricity to ather users.

&DSDEW6SDFHV

While moperatives clealy provide an example of why groups of people might contribute to
creding infrastructurein the @sence of adired profit incentive, it is difficult to seehow the idea
appliesto software. After all, where ae the large geographical distances to be spanned, and what
are the materials used to span them? Another difference is that farmers do not build electrical
grids, only fund them. This contrasts to the hands-on programmer roles sen ealier in Figure 6.

The aswer can be found by trading spaces. The lower panel of Figure 8 maps credion of
software infrastructure into capahlity space, which is can be understood as a very large, all-
encompassing “layers of abstraction” diagram turned sideways. The cmputing and network
hardware that generate raw computational power reside a the left end of this directed space and
useful results reside & the right end. Between these two ends lie all the intermediate software
cgpabilities needed to transform raw computing power into useful, goal-oriented results.

Distances in capability space ae measured by how long it takes a programmer working alone
to create the software that bridges two points. This distance @n be expressed in units of staff
yeas, but to provide abetter feel for the human-scale implicaions of cgpability space distances,
it helps to define aunit with a geographical interpretation that aptly expresses the magnitude of
the dfort required. This unit is the magellan (Mg). A magellan can be interpreted either literally
as four saff years, or figuratively as the distance aprogrammer would cover if she walked as de
programmed for those same four staff yeas. At atypical pace one Mg works out to be aout
40,000 klometers, or once aound the circumference of the eath. Only the most dedicated full-
time programmers manage to travel 10 Mg in their lifetimes, and most cover less than 5 Mg
before their carea's take them down other paths.

Because so much distance has already been covered for us, it is easy to underestimate the
immense size of cgpability space Inthe ealiest days of computing, cgpability spacewas at most
afew magellans from end to end, since @mputers had limited capabilities and software tended to
focus on straightforward number crunching. By the ealy 20005, however, cgpability space had
expanded immensely. Its endpoints ifted to encompass the much larger distances between
complex and powerful networked computers, and the more diverse and sensory-oriented needs of
users. Consequently, the total length of cgpability space & of the ealy 200Gs is probably in the
range of tens of thousands of magellans. Including perallel and branching peths, the total travel
that has occurred in capabil ity spacemay be in the range of millions of magellans.

The need for a large shared infrastructure, combined with an intense interest in the resource
(computing power) to which it provides access, are the main incentive ingredients for creaing an
infrastructure cooperative. As with other infrastructure cooperatives, the primary goal of such a
software aoperativeis not to sell infrastructure (software) or the resourcethat is being accessed
(computing power), but to bring the benefits of the resourceto the members of the woperative.
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)LIXUH 6RIWZD USRI DYWNAJHDWH LQIUDVWUXFWXUH QRW LORIMDE MIDAHERW LQ
SEXQGDQ@WRRPSXWLEZSU PXVW WUDYHILY BFSIURIDFK D JOREDO EDMRIBEXW

WKH LQIUDVWUXFWXUH LV WRR OBRHIURMRQLGDQHRRHXNK  V VRIWZDUH VIQHUJ\
UDQJHV ZHUH YHU\ ORZ PDNLQJGRPNMWHRY DQG XVH RI SURSULHWDU\ LQYHVWPHQ\
YLDEOH DSSURDFK WR FUHDWLQJ ODUJH LQHEDVIWBRFAW)IINHQ WBEIPLG V JOREDC
VA\QHUJ\ UDQJHV PEREBHUDWLYH DSSVRIDEKEOH E\ FUHDWLQJ JOREEXRXVHBI¥R

7KH JUHODUNHW &RQQHFWLRQ

The structure of cgpability spacealso helps answer the ealier question of how the synergy of
a freemarket economy can operate in a not-for-profit cooperative. In an eledrical cooperétive,
all of the spanning elements (e.g., copper wire) are the same, o little innovation is needed to
creae the infrastructure. Capability space however, is a direded spacein which infrastructure
must begin at the source (computing power) and extend outward like avast pier into an unknown
ocean of possibilities. The mnstruction processis cooperative? becaise everyone depends on the
work that was done before. At the point of extension, however, it is fiercely competitive® as
members vie to bring arich new set of cgpabil ities home for themselves and for the coperative.
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Software cooperatives thus are examples of freemarket cooperatives, which are asymmetricd
cooperatives in which infrastructure must be added incrementally from a shared starting point.
The leading edge of infrastructure construction exhibits freemarket synergy, while the ealier
segments are stabilized by the need for shared use by all members of the moperative. Rural
eledric cooperatives and most red-space infrastructure cooperatives are planned cooperatives
that permit parallel credion of infrastructure, and so require little or no innovation from the
members of the woperative. This distinction allows farmersto perticipate by funding only.

6\QWKHVWUXFWXUH

It is useful to name the major parts of the infrastructure creaed by a freemarket cooperétive.
The synthestructure is the shared infrastructure aeated by ealier cooperative work. It is the pier
that everyone must share if anyone is to fish. Synthestructure can be abstraded as a tightly
woven bundle of synergy threals that has been elaborated over time by the woperative. Dee
synthestructure refers to regions farther in the past, and shall ow synthestructure to regions close
to the present-day leading edge at which free market synergy occurs.

Synthestructure enables new growth, but it also constrains growth paths by making the option
of creding new, possibly superior synthestructure lessattradive. Synthestructure dso tends to be
self-stabilizing as it grows larger, since the @st of changing it increases both as the number of
participants increases (since all must use it) and as the dhanges move deeper (since deeer
changes perturb or unravel larger sedions of later synthestructure). The result is an incentive for
innovators to focus change and innovation on the leading edge of the synthestructure, and to
accet without change some range of non-optimal but adequate (that is, sufficing) feaures of the
shared synthestructure. It is easy to find examples of such trade-offs in cultural and linguistic
synthestructures around the world. In Western culture, the merging centuries ago of the Roman
alphabet with Indian numerals (via Arabia) creaed confusing overlaps such as O/0 and I/1 that
are far from optimal for conveying information. However, this event is 9 deeply embedded in
the synthestructure of the West that changing it would cause @st perturbations far larger than the
relatively minor benefits. Thus, the non-optimal thread is acceted as a given and Western
cultural innovation continues onto with more immediate issues.

SURSULHWDBWD&RH

There is a problem with the analysis of free market cooperatives as they apply to software. If
software @operatives provide such an effective means for creating infrastructure, why has
proprietary software infrastructure dominated the 1985, 199Gs, and ealy 2006s?*°

The answer is simple: Before the arival of the Internet, proprietary development was the only
eaconomicaly viable way to crede large, complex infrastructure (Figure 9). Low synergy ranges
blocked the formation of software coperatives and strongly favored Coase cndensation as a
way to collect sufficient synergy and resources to create large-scale infrastructure in cgpability
space Proprietary developers lved the stranding problem by using investment to cover ealy
costs, with the cndition that the ealy costs would later be recouped through sales of the
resulting software. *° To ensure the aility to sell the software later, proprietary projeds required
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the use of investment walls? that behaved like one-way mirrors, allowing developers se out
while preventing future austomers from seeingin.

An unfortunate and unntended side effect of using investment walls is that they cap synergy
threals. Since others cannot seeinto the proprietary
process al innovation must come from the
development group that resides within the wall.
This can be a serious problem if a wmpany is
competing with unrestricted synergy threads, since
even the smartest and best-trained employees
cannot compete indefinitely with rates of problem
solving possible when a global audience is looking
at the same problem.? Consequently, for problems
in which there is a strong and global interest in
creaing shared solutions, the proprietary model is
likely to have difficulty competing with the synergy
cgpabilities of a global software community.

A review of the statistical nature of synergy
Investment Wall loops sows that this relative alvantage does not
apply to all software development problems. In
JLIXUH 7KH SURSULHBHIURPR particular, if an unsolved problem is irreducible in
VRIWZDUH GHYHORSREROWARORZ the sense that it cannot easily be reduced to a
VAQHUJ\ UDQJH DEGHHIRW E\ sequence of smaller steps, the dances of t_imely
XVLQJ FOERY HVWPHQWVLGKDW resolution by a global audience drop dramatically.

UHFRKIG WKURXJKAWRD@MH ILQDO Irreducibl_e problems thus remair! strong candidates
for proprietary development, which can gather and

SURGXFW LTGHVRHQW ZDYO =) . _
apply specialized resources to their resolution.
gjm%@:s\ﬁgxy RIEWKLV VWL However, this advantage can be frittered away if

proprietary projeds fail to take full advantage of
available external infrastructure. Internal resources
must instead be kept focused on resolving the irreducible problems.

OD[LPDO 6\QHUJ\ DQ@W/BRIH &RRUDWLYHV

Software cooperatives do appea to med the incentive requirements of Constraint #5. When
combined with the Internet-mediated resolutions of Constraints #1 through #4, this means that a
maximally synergistic freemarket economy not only can exist, but has existed since the aedion
of the first software @operative in the mid to late 198Gs. The relationship of this cooperative to
free-market economics has been obscured by its reliance on a barter-style, synergy-loop-based
investment strategy. However, even its name, freesoftware, refleds its close relationship to free
market eanomics, since in both phrases the word “free” refers to an unfettered ability to
exchange goods, not giveavays. '° Richard Stallman, who is both the philosophicd and pradical
founder of this economy, notes that in his ealy days he made aliving by selling copies of his
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“free” software. ?° Both by statement and adtion Stallman thus has demonstrated his intent for the
word “free” to mean unfettered dstribution of goods, not giveavays. However, due to
widespread confusion about the meaning of the phrase, Chris Peterson coined “open source” in
1998 as an alternative name for this economy.?* Eric Raymond and others promoted the new
phrase with grea success? and it is now the phrase used most often describe Stallman's
maximally synergistic software e@nomy.

7\SHV RRRFEHUDWLYHV

If software coperatives are likely to play a significant role in software infrastructure, how
should they be used??*1>%324 The first step is to redize that cooperatives differ significantly in
their policies on membership, casual use, and innovation ownership. These policies can be found
in licenses attached to the infrastructure software, although the interpretation of such licenses can
be complex. The most important differences are those of innovation ownership. These affed not
only the internal dynamics of a moperative, but also how they interad with other organizations.

Membership Policies

Membership policies decide who can join a aoperative. Closed pdicies restrict membership
so severely that the woperative looks like proprietary development. At the other extreme ae
open pdicies, which allow essentially anyone to join. Because open policies maximize the
synergy benefits possible with high synergy ranges, ’ they tend to be the most widely used.
Between these extremes are two groups: theme pdlicies that apply arbitrary (non-development-
related) synergy restrictions, and commrunity palicies that provide free acesswithin a large but
bounded group of users. Community policies are less attractive to developers because changes in
jobs or locations may deny them accaessto their own contributions. However, with a sufficiently
large community, a good level of synergy is possible. Community cooperatives work best when
there ae very few people outside of the cmmmunity who would take an interest in the software
infrastructure being developed. Even in these caes, however, community policies can diminish
synergy by capping threads that could be extended by external participants and cooperatives.

Casual Use Policies

All of the mgjor software woperatives have extraordinarily generous casual use policies that
permit unlimited, “no strings attached,” operational (that is, non-infrastructure-extending) use of
their software. This generosity is possible due to the very high synergy range of software
cooperatives, and is not economically feasible for physicd (e.g., eledrical) cooperatives. Casual
use policies are & the root of the cmmon misconception that software cooperatives are pure
giveavays. Anyone holding this misconception can correct it vigorously by calling the author of
a ooperative license and asking if it would be OK to ignore the license and begin selling the
software asif it they had written it themselves.

Casual use policies are more acarately understood as the software cooperative ejuivalents of
enlistment advertising. By building up a large base of pure users, they allow a operative to
expand and replenish its base of innovators who perform the real work of the @moperative. The
result is one of those rare cases where maximal generosity coincides with maximal self-interest.
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Innovation Ownership Policies
Since free market cooperatives are all about sharing innovation, how they handle innovation
ownership is one of their defining charaderistics. Figure 10 shows the four main possibilities.

Limited Upward Capture New _ Co-op [L] green=userowned
pipe A9 Member [l blue =coop. owned
T . ownership capture

“Fed freeto use our natural gas grid...but pleas be avare that any pipe you
useto conred to ou grid becomesthe shared property of our cooperative.”

Ownership Preserving New Co-op
pipe Member

“Fed freeto use our natural gas grid. No, we dorit want your pipe—and nq
you cannd haveany of ours. Your property stays yours, and ous staysours.”

Limited Downward Capture  New Co-op
pipe Member

c/o\o ) io---

“Fed freeto use our natural gas grid. In fact, you can keep the parts of it
that are nearest to your house and customize them however youwould like,

Unlimited Downward Capture New Co-op
pipe Member

0 sl
o O ...

“Fed freeto use our natural gas grid —it's dl yours. Infad, youcan
keep the whale thing. We have plenty more where that one cane from.”

JLIXUH 7KLV JDV SLSH DQDORJ\ VKRZV WKH IRXAREPDMRU LQQRYD
RZQHUVKKSKMBVLEOH IRU VRIWZBUHDMRR'HV 7KH ODVW VWUDWHJ\
RI XQ@ILWHG @RBUG FDSWXUH L&XWUHRU SBEOMERRSHUDWLYHV

Limited Upward Capture. Limited upward capture requires that innovators donate infrastructure
bad to the moperative. To prevent spoofing (e.g., donating useless passthrough modules), the
donations typically must be complete goplicaions. Becaise such donations acelerate growth,
this type of cooperative tends to expand faster, #?* which in turn encourages more participation.
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Ownership Presaving. Ownership preserving policies maintain existing ownerships; neither side
aqyuires innovations from the other. Infrastructure using these rules can serve & a fence to
isolate software developed under other sharing rules, and to help stabilize shared interfaces.

Limited Downward Capture. Limited downward capture allows proprietary software to obtain
ownership of the upper layers of cooperatively developed software, generally as an enticement to
begin proprietary work within a standardized framework (e.g., in a protocol such as TCP/IP).

Unlimited Downward Capture. This policy allows members to copy (clone) and take possession of
an entire aoperative infrastructure. It is possible only with extremely high synergy ranges, and
so makes no sense for physical cooperatives. Such cloning occurs less often than one might
expect, since it has the unfortunate side effed of cgoping synergy threals, which in turn makes
the clones increasingly expensive to maintain over time.

$ 7D[RQRP\ BRMIDUH &BRUDWLYHV
The ranges of membership and innovation ownership policies in software woperatives can be
combined to create ataxonomy of cooperatives and related development methods (Figure 11).

3URSUEVDUY  “&RPP XQLW1 &RRSHWDVIYH
A

A A
noreasing o] N AY4 \
noreasing :
upnerd N
capre No anejoin
o> e
Communit upnerd
L — easily spoofed — cafure

Proprietar Licenses

Develope Ownership
podsize presenving

\ Limited
— composite donrmerd

Contracted licenses — capure

Development

Increasing Unlimited
dommerd }dom/\ard

cafure cafdure

)LIXUH $ WD[RQRP\FRFSHUDWLYH DQG SURSULHWDU\ VRIWZ IRREHEWY HBRSPHQW
GRPLQDQW FRRSHUDVHYBIUM. FKRYQ IRU WKUHH RI RaKi IRMUYFRQLFKHV
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The simple layered architecure™? in Figure 12 gives one example of how the different types
of cooperatives and proprietary development can be combined. In general, the more software
resembles shared infrastructure, the more likely it is to benefit from the participation and
stabilization effects of cooperative development. Pladng difficult problems in the more isolated
upper regions of the achitedure dlows them to be resolved without damaging infrastructure.

Layer 4 1 HZ$S SOEDVlRQV

— Proprietary or cooperative —
Layer 3 ([S RUIDMRQ

— Limited downward capture (BSD halted by Layer 2) —
Layer 2 6 KIH@
— Ownership-preserving cooperative (LGPL) —
Layer 1 , QIUDVWIXEVXLH
— Mixed cooperative (GPL, LGPL, and/or BSD) —

JLIXUH $ JHQHULF OD\HUHG DUFKLWHFWXUH IRU DSSO\LQJ WKH VSHFLILF

DGYDQWDJHV RI SURSULHRREHRN DQYGYHAHFSIQW BROV 7KH

JRDO RI WKLV DUFKLWHFWXUH LV WR PD[LPL]H WKH GLIIHUHQW EHQHILWV R

PRGHOV DK PLQLEQJ SRLQWV RRFRQI

was used to describe alphabets. In that example, no mention was made of the “power
source” feaure of the electrical and software cooperatives. Was this “alphabetic synergy”
description just a caelessanalogy, or an intentional extension of the synthestructure concept?

A full answer is beyond the scope of this paper, but the extension was intentional. Energy and
processing are not the only high-value resources accessible via synthestructure. Memory is also a
resource, and the synthestructure itself is a form of data storage. When synthestructure grows
sufficiently rich and diverse, it becomes an immensely valuable resource in its own right, one
that enables participants to share thoughts, ideas, insights, understandings, and criticd
information about resources in the physical world. The degp synthestructure of a ailture provides
a history of lesons leaned, and summarizes insights that allow a ailture to respond effedively
to the world around it. At its leading edge, such a synthestructure makes provides a shared
context of communication that makes innovation and industrial activity possible.

This paper therefore closes with a few examples of how synergy threals, Coase cndensation,
free-market cooperatives, maximmally synergistic emnomies, and synthestructure concepts can

& areful readers may have noticed an ealier example in which the synthestructure concept
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be used to analyze diverse systems in which memory, rather than energy or processing powe, is
the resource to which the synthestructure provides acess

Scientific Publication

The ealy scientific pulicaion processmay hold first honors for a system that approximates a
maximally synergistic eonomy. Its body of widely shared papers is its synthestructure, its
system of references is an explicit instantiation of synergy threals, and its leading edge research
is an example of freemarket competition laying the foundations for still more infrastructure. As
the scope of science has expanded over the ceanturies, Coase mndensation within subjed space
(think Dewey Decimal) has increasingly become an issue, as the @ms to human participants of
kegping up with information outside of a limited topic aeahas increased vastly. The resulting
condensations can limit synergy adivity to highly specialized topics. The Internet has grealy
acclerated the pace of this economy by increasing accessbhility, in particular through the
CiteSea ° online repository of papers. CiteSea provides a fascinating example of the interplay
between synergy incentives (placing papers online allows synergy threals in the forms of
citations to grow more quickly) and pulbication only in spedfic journals (which limits synergy).
The temptation to pulish online is clealy growing as the number of papers in CiteSee
continues to expand, and the result will more presaure on traditional scientific publications.
CiteSeeq is at the leading edge of exploring how these incentives will play out in the long term.

Software Documentation

The tips of synergy threads grow only when external innovators link into them. In terms of
software modules, this implies that the most powerful documentation is understandable to as
wide an audience & possible, provides clear and urembiguous references to the ealier modules
(synergy threads) on which they depend, and remains inextricably tied to the module itself. The
implications of these cnstraints are radically different from more traditional approacdes to
documenting software, in which a closed context alows the development both of independent
documenation storage locations and specialized terminologies that are largely incomprehensible
to outside users. Not surprisingly, software coperatives have gravitated towards approacdes that
support this concept of synergy-first documentation. Examples include more reliance on internal
documentation and full display of the source code (“open source”??). A synergy threal
interpretation of documentation provides me insights on why it is difficult to move proprietary
software into a software cooperative. Even when the original documentation is high in quality, its
proprietary style of documentation will make it signficiantly harder for a broader community to
understand and use, which limits synergy and makes the mde harder to use and integrate.

Lingustics

Synergy and synergy loops that operate on human-decision time scales are ahistorical novelty
that did not exist until the arival of the Internet. For most of the human history, synergy has
operated a a much slower and less obvious time scale of yeas, decales, or even centuries.
Viewed in this slower perspedive, natural languages can be interpreted as Coase @mndensations
of memory-acasssynthestructures of entire ailtures. Intuitively, the greaest possible synergy in
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most human endeavors occurs when everyone shares a single language, which allows maximal
free-market exchange of concepts and information to take place However, rising transportation
costs such as those that occurred in the later days of the Roman empire can lead to geographical
Coase mndensations that help concept-exchange synergy to continue within isolated cultures %
— that is, they can lead to new languages. The effects of the Internet on language over the next
century or 0 should be fascinating, since the Internet smultaneously removes many of the
barriers that led to ealier linguistic Coase mndensations, but also adds a new ability to speed
automated translation between existing languages.

Psychalogy

One of the more famous aspeds of scientific insight is the “Eurekal” experience, in which an
experience as mundane & taking a bath in an overfilled tub results in an unexpected insight into
a difficult problem. Such small but invaluable synergy events appea to be a important
component of how the human mind develops its own synergy. As anyone who has tried to move
a project from their own mind to a team of developers knows, the human brain is adept at
making connedions in ways that teams of people an emulate only with experience and luck.
Much reseach has gone into the problem of how the brain recognizes patterns, but lessattention
has been paid to the remarkable ability of the brain to creae its own internal economy of easily
shared and crosslinked concepts. The gplicabil ity of a synergy thread model is lessobvious for
thistopic aea yet there ae hints that applying such a model might lead to new ways to represent
and analyze how the human brain supports and pursues innovation.

Artificial Intelligence

What is the smallest possble synergy event? This is an interesting question becaise synergy
events in general are usually decomposable into smaller synergy events. A better understanding
of the smallest possible synergy event might leal to insights on how larger synergy problems
could be elaborated effedively until they can be translated into understandable processes. The
identifying charaderistic of a synergy event at any scale is its ability to make some task easier.

Genetics

Moving down to an even slower time scale of millennia, Coase @ndensation appeas to
provide an interesting approach to analyzing the formation of subspecies and regional groups in
biology. In this case, genes represent synergy threads, gene poals represents synthestructure, and
the slow spread of genes throughout gene pools represents the dispersal of synergy threals.
When the gene pool is large and dispersal of genes easy, the stabilizing effeds of a large
cooperative mme into play and species resists major differentiation, even while innovation
presumably continues at a rapid pace within those limits. When barriers such as isolation by
geography are introduced, the increased costs of gene exchanges encourage Coase @mndensations
in various $aces, including in particular geographica space Innovation within smaller regional
groups continues, but without the stabilizing effeds of the larger community. The result is a
broader range of form experimentation. As with entrepreneurial firms, such experimentation can
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be both interesting and risky. The dodo was, after all, a decidedly interesting hird, but not one
that was particularly adept at survival onceit was recmnneded bad into alarger community.

A notable implicaion of the genes-as-synergy-threals analysis is that it implies that the caise
of isolation diversity is not the introduction of new needs, but rather the removal of the inhibiting
effeds of a larger genetic cooperative. It also implies that even when change is not apparent in
outward forms, it is likely continuing vigorously in more subtle ways. The removal of inhibitions
does not increase this rate of change, but rather allows ongoing changes to extend their read
deeper into the genetic infrastructure, where they can give rise to more obvious changes in form.
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