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ABSTRACT:

The question: “Can one map the space of all possible economic systems?” is the 9th of 22 topic questions posed by Stephen Wolfram in the Request for Papers of the NKS 2006 Wolfram Science Conference. As a precursor to such a mapping, it is worth scoping the problem by attempting to answer the question  “is it possible to enumerate all possible economic systems?” This paper summarizes the meaning of this in terms of axiom sets for systems of stupid autonomous economic agents, introduces a dozen different approaches to combinatorial enumeration problems already in the literature, with suggestions for how they might be extended to problems of classification or “mapping” of the spaces to which they are associated.

We defer providing a definition of  “all possible economic systems” because virtually all such definitions in the Economics literature presuppose that past and present terrestrial economic systems, with perhaps certain modifications, cover the search space.  To the contrary, this author believes that economic systems as significant as Capitalism, Communism, and Potlach are possible with humans on Earth, but have either not been thought of yet, or are considered impossible to implement.  We believe that, once sufficient people and computational resources are devoted to Stephen Wolfram’s provocative question, the scientific community may be able to constructively reframe the questions, with a sound quantitative basis. The fact that we have not begun to exhaust the space of possible economic systems is due (in Sir Arthur C. Clarke’s terminology) to two main reasons: (1) Failure of imagination [since we have limited to scope of that imagination, based it too firmly on already known models, and failed to use computers adequately as our imaginative tools]; and (2) Failure of nerve [a valuable model is imagined, and the discoverer fails to publish or attempt implementation, frightened by the implications].

Instead, we limit this paper to various oversimplifications of economic system models which strip away most of what is usually addressed in Economics, to focus on a range of “kernels” or ‘skeletons” upon which more realistic models of economic systems might be based, but are in any case capable of enumeration, and thus an assessment of computational resources needed for certain categories of mapping of the related spaces.

These include: 

A. Number of labled groupoids with n elements; 
B. Number of nonisomorphic groupoids with n elements;
C. Forests of Rooted Trees

D. Enumerating distinct topologies, or transitive digraphs with n unlabeled nodes
E. Number of different quasi-orders (or topologies, or transitive digraphs) with n labeled elements.
F. Number of partially ordered sets ("posets") with n labeled elements (or labeled acyclic transitive digraphs).
G. Number of partially ordered sets ("posets") with n unlabeled elements.
H. Other models, such as Hypergraphs, and Economic Systems as Strong Attractors in trajectories of economies in transition

Some of these kernels or skeletons are so stripped of the details normal to Economics (i.e. money) that they may easily be modified to models of all possible social systems.  As an example of how theory diverges from practice, we point out that it is well known that a theoretical optimum social system is to find someone who is always right, and make him King.  The mathematical countermodel is: find someone who is always wrong, and make him anti-King, and always do exactly the opposite of what he says.

A series of arguments are made on Science Fiction as a source of economic models, especially on the Economics of Abundance. Some short comments are included on the pointlessness of modeling a plethora of flavors of Socialism and Communism; and on economies in transition.

=== end Abstract ===
1.0  Introduction: Mapping the Ideocosm

"Those people who think they know everything are a great annoyance to those of us who do."   -- Isaac Asimov
· The space of all possible economic systems (call it by the acronym APES) can itself be considered a subset of the space of all possible ideas.
· “The scope of human ideas is infinite, some might say. But one researcher says he can count them, and he intends to do just that. Darryl Macer, associate professor at the Institute of Biological Sciences at the University of Tsukuba in Japan, plans to create a human mental map -- a database that would contain a log of every human idea.”[randomwalks, 2002].  I replied to this blog entry as follows:
· The mapping of all possible ideas was proposed and begun decades ago by famous astronomer Fritz Zwicky. He called the space of all possible ideas the "ideocosm." He worked out systematic methodologies [Zwicky, 1969] to fill in missing parts of that space. He was eccentric, undervalued, but a genius who'd fought his way up from self-taught technician to Professor at prestigious Caltech. He influenced, among others, the late Herman Kahn, the #1 civilian advisor to US defense policy in the cold war.

The part of agent-based modeling (for all but the most stupid agents) that's usually swept under the rugs of Math and Metaphysics is this: each Agent has a (limited) worldview of locally perceptible events, a world map, a (limited) ability to infer motive in other agents. This means that the search space is not isomorphic to the simulated geographical map, but is, crucially, in Semantic Space. The agent's actions depend on the agent's IDEA of what is going on.  That means that the agent is operating in the IDEOCOSM, to use Fritz Zwicky's term for the space  of  all possible ideas. The essential problem to be  attacked, at the foundational level, is WHAT IS THE TOPOLOGY OF THE IDEOCOSM? 

In Agent-based modelling, we are constructing a subtopology, with knowable structure. [See my draft article on "The Topology of  Politics."]:

· Is there always an action that an agent can take which is intermediate between two other actions (Density)? 
· Is there a Metric Space, Semi-Metric Space, or Pseudometric Space relating to a measure of  distance between the worldview of two agents? That is, is the triangle inequality violated (semimetric space), or can you have two different agents with a distance of zero between them (pseudometric)?  
Some writers remind us that, in Economics, we have barely scratched the surface of the ideocosm.  For instance, Noam Chomsky writes:  “In the academic social sciences, in the United States at least, these questions scarcely exist. When this year's Nobel Prize winner in economics [MIT economist Paul Samuelson] considers the range of possible economic systems, he sees a spectrum with complete laissez faire at one extreme and ‘totalitarian dictatorship of production’ at the other. Assuming this framework, ‘the relevant choice for policy today’ is to determine where along this spectrum our economy should properly lie. [footnote 10] No doubt one can place economic systems along this scale. There are other dimensions, however, along which Samuelson's polar opposites fall at the same extreme: for example, the spectrum that places direct democratic control of production at one pole and autocratic control, whether by state or private capital, at the other. In this case, as so often, the formulation of the range of alternatives narrowly constrains ‘the relevant choice for policy.’ [10. Paul Samuelson, Economics, 6th ed. (New York: McGraw-Hill Book Company, 1964), p.39 Source: Problems of Knowledge and Freedom, 1971, p.62. This was written when noted MIT economist and Noble prize winner Paul Samuelson's book Economics was the standard text in undergraduate economics courses in the United States].” 

Essays in Economic and Business History Volume XIV 1996 - pp. 441 
· “there are thirty-six possible economic systems”. econwpa.wustl.edu:8089/eps/mac/papers/0412/0412002.pdf 
· Currency Areas and Equilibrium “Having completed his enumeration [of all possible economic systems], ... There are an infinite number of theoretical systems; there are only a few real ... www.springerlink.com/index/XP8876452366444X.pdf 
There is a geometry to the Ideocosm.
· Metaphor: a parallelogram in the space of ideas. 

· "A is to B as C is to D" locates four points in the Ideocosm (the space of all possible ideas). Sometimes, in literature, one of these points is implicit. 

· "A is to B" is a vector, with tail at A and head at B (I note that metaphors occur in Mathematics). The vector has a direction; it points in a particular way. 

· "C is to D" is a vector. 

· "A is to B... AS... C is to D" tells us that those two vectors are parallel. 

· When one says "figure of speech," one may analyze the laws of figure (Geometry), as well as the laws of speech. 
List by name   http://www.economicexpert.com/a/List:of:economic:systems.htm 
An etymologist's approach to economic system, this list will attempt to sort “all possible economic systems in alphabetical order”, without any attempt at hierarchization. If a given economic system has several names, all are listed with a note beside each of them informing the reader that it is one of several alternate listed names. 

(1) Anarchism 

(2)Anarcho-capitalism 

(3)Anarcho-communism also known as libertarian socialism, libertarian communism and left-anarchism 

(4)Autarky 

(5) Barter economy 
(6)Buddhist Economy 
(7)Capitalism 

(8) Colonialism: Colonialism is a system in which a state claims sovereignty over territory and people outside its own boundaries, often to facilitate economic domination over their resources, labor, and often markets. 
(9) Command economy also known as planned economy 
(10) Communism
(11) Coordinatorism is an economic system in which control is held neither by people who own capital, nor by the workers, but instead is held by an intervening class of coordinators typically in the roles of managers, administrators, engineers, university 

(12) Corporate capitalism 

(13) Gandhian Economy: Left-anarchism also known as libertarian socialism, libertarian communism and anarcho-communism 

(14) Eco-capitalism 

(15) Feudalism 

(16) Green economy  

(17) Hydraulic despotism (see also hydraulic empire) 

(18) Libertarian socialism: also known as anarcho-communism, libertarian communism and left-anarchism 

(19) Libertarian communism also known as libertarian socialism, anarcho-communism and left-anarchism 

(20) Market economy 

(21)Market socialism also known as Socialist Market Economy 

(22) Mercantilism 
(23) Mixed economy [Theorem: Almost All economies are mixed economies]
(24) Neo-colonialism 
(24) New economy 
(25) Parecon: also known as participatory economy 

(26) Planned economy: see command economy 
(27)Self-management (as in Economy of Yugoslavia) 

(28) Social market economy 
(29) Socialist market economy also known as market socialism 

(30) Socialism 

(31) Subsistence economy 
(32) Synthetic economy 

(33) Traditional economy 
(34) Turbo-capitalism 

(35) Traditional economy 

Such lists are essentially useless to us, as too low in resolution, too qualitative, and limited by failure of imagination and failure of nerve.

2.0 Economic System Kernel: Number of labeled groupoids with n elements
· Consider the number of closed binary operations on a set of order n (i.e. labeled groupoids). We are counting (and classifying) all the ways that pairs of distinguishable people (or corporations or nations or commodities) have a binary relationship that maps into individuals in that set of n, under the least a prior constraints. 
· Example: n corporations compete in a market, each pair in level playing field competition has a winner, which might not be either of the pair, but one of the set from which each in the pair is selected. All that matters is we start with pairs of n distinguishable elements under some abstract rule that maps this to an element in the set (closure). 
· Economies, in some abstract way, depend on these structures (labeled groupoids). The space is BIG, but it's worth specifying exactly HOW big. 

There are at least two definitions of "groupoid" currently in use. The first type of groupoid is an algebraic structure on a set with a binary operator. The only restriction on the operator is closure (i.e., applying the binary operator to two elements of a given set PRIVATE "TYPE=PICT;ALT=S"returns a value which is itself a member of A001329, 2, 3,  ... elements are 1, 10, 3330, 178981952, ... [Sloane's ). Associativity, commutativity, etc., are not required [Rosenfeld 1968, pp. 88-103]. A groupoid can be empty. The numbers of nonisomorphic groupoids of this type having 1], and the corresponding numbers of nonisomorphic and nonantiisomorphic groupoids are 1, 7, 1734, 89521056, ... [Sloane's A001424]. An associative groupoid is called a semigroup. 

According to the Online Encyclopedia of Integer Sequences [Sloane, A002489]:

A002489 n^(n^2) (or (n^n)^n).  

1, 1, 16, 19683, 4294967296, 298023223876953125, 10314424798490535546171949056, 256923577521058878088611477224235621321607, 6277101735386680763835789423207666416102355444464034512896, 196627050475552913618075908526912116283103450944214766927315415537966391196809 (list) OFFSET 0,3 

COMMENT The number of closed binary operations on a set of order n. Labeled groupoids. 
REFERENCES J. S. Rose, A Course on Group Theory, Camb. Univ. Press, 1978, see p. 6. 

P. Rossier, Grands nombres, Elemente der Mathematik, 3 (1948), 20. 

EXAMPLE a(3) = 19683 because (3^3)^3 = 3^(3^2) = 19683. 

AUTHOR njas [Dr. Neil J. A. Sloane]

A binary operation on a set S is any function from the Cartesian product SxS to a set V. A binary operation on S is closed if V is contained in S. The sets S and V and the operation * form a system, and the order of the system is the cardinality of S. If the operation is closed, the system may be denoted with just (S,*). Products of the operation may be written a*b or ab. The operation is said to be associative if (ab)c = a(bc) for all a, b, and c in S. It is commutative if ab = ba for all a and b in S. An element e of a system is called an identity (or unit) if ae = ea = a for all a in S. (A basic theorem states that there is at most one identity element in a system.) 

Two systems consisting of S, U, and * and T, V, and *' are isomorphic if there is a one-to-one function f from S union U to T union V such that for all a and b in S, f(a*b) = f(a)*'f(b). 

The two systems are anti-isomorphic if there is a function f such that f(a*b) = f(b)*'f(a) for all a and b in S. Note that a binary operation can be represented by an n by n array filled in with values from V. 

A table of order n is a system with S = { 0, 1, . . . n-1 } and the set V = { 0, 1, . . . n^2+n-1 }. Since V extends from 0 to n^2+n-1, each element in the array can be identical to one of the elements of S or can be different from each element of S and all other elements of the array. Thus, every system of order n is isomorphic to a table of order n. (An arbitrary system might have something other than numbers as the elements of its sets, but whatever they are, they can be mapped isomorphically to the numbers from 0 to n^2+n-1.) 

As Selfridge says, "Hence for all questions of description and classification of systems, we may restrict our attention to tables." A set of tables isomorphic to each other form a class. A type is either a pair of classes which have tables anti-isomorphic to each other or a single class whose elements are anti-isomorphic to themselves. For closed systems, Selfridge lists categories with and without each possible combination of restrictions to associativity, commutativity, and possession of identity. Within each of those categories, Selfridge enumerated tables, classes, and types. (In the categories possessing commutativity, the numbers of tables and classes are identical, so separate entries for classes are omitted.) 

For systems not restricted to being closed (but not required not to be), Selfridge enumerated the commutative and identity-possessing tables. I will not reproduce those here; they are derived from formulae: 

· total tables of order n: (n^2+n)^n^2 (fill in n^2 spaces with any of n^2+n values), 
· unit-possessing tables: n(n^2+n)^(n-1)^2, (select a unit, fill in remaining (n-1)^2 spaces), 
· commutative tables: (n^2+n)^C(n+1,2), (fill in diagonal and one side of it), 
· commutative and with unit: n(n^2+n)^C(n,2) (select unit, fill in diagonal and one side). C(a,b) denotes the number of ways to choose b objects from a set of a objects; C(n,2) = n(n-1)/2. 

3.0 Forests of Rooted Trees

· If we abstract away binary transactions, we can still define a kernel of an economic system by directly enumerating sets of hierarchies.  
· We presume that, given two people A and B in the population (or corporations in the market), either A is dominant over B in a hierarchical tree, or B is dominant over A, or they are disconnected (not in the same hierarchy).  
· That leads to enumerating forests of trees.
· Andrew thought that it was inherently Capitalist. 
· I said that there are still binary transactions in Communism. Centrally planned economies have Leontieff matrices too. 

· Andrew said "if two state-directed companies compete for resources as directed by the 5-year-plan, what does it mean to say that one of the two, or a third one, benefits?" 

· Another aspect to consider. How many hierarchies can exist among the n labeled entities whose labeled groupoids we've shown is n^(n^2)? This nomenclature: 

Eric W. Weisstein. "Forest." From MathWorld--A Wolfram Web Resource. http://mathworld.wolfram.com/Forest.html 
Forest: An acyclic graph (i.e., a graph without any circuits). Forests therefore consist only of (possibly disconnected) trees, hence the name "forest." A forest with k components and n nodes has n-k graph edges. The numbers of forests on n = 1, 2, ... nodes are 1, 2, 3, 6, 10, 20, 37, ... (Sloane's A005195). A graph can be tested to determine if it is acyclic using AcylicQ[g] in the Mathematica add-on package DiscreteMath`Combinatorica` (which can be loaded with the command <<DiscreteMath`) . 

The total numbers of trees in all the forests of orders n = 1, 2, ... are 1, 3, 6, 13, 24, 49, 93, 190, 381, ... (Sloane's A005196). The average numbers of trees are therefore 1, 3/2, 2, 13/6, 12/5, 49/20, 93/37, 5/2, ... (Sloane's A095131 and A095132). 

The triangle of numbers of n-node forests containing k trees is 1; 1, 1; 1, 1, 1; 2, 2, 1, 1; 3, 3, 2, 1, 1; ... (Sloane's A095133). Connected forests are trees. 

=========== 

· How many of the "economies" I've stripped to skeletons have a meaningful hierarchy or disconnected set or hierarchies? 
· There is another branch of math for enumerating how many cycles of given length there are in a graph, and in a directed graph, which matters if we are looking at nontransitive preferences:

· Comment on: A005195 Number of forests with n nodes. a(n) = 1/n*Sum_{k=1..n} b(k)*a(n-k), where b(k) = Sum_{d divides k} d*A000055(d). - Vladeta Jovovic (vladeta(AT)Eunet.yu), Sep 05 2002 
· A005196 Number of random forests. 

1, 3, 6, 13, 24, 49, 93, 190, 381, 803, 1703, 3755, 8401, 19338, 45275, 108229, 262604, 647083, 1613941, 4072198, 10374138, 26663390, 69056163, 180098668, 472604314, 1247159936, 3307845730, 8814122981, 23585720703, 63359160443, 170815541708 

OFFSET 1,2 

REFERENCES 

E. M. Palmer and A. J. Schwenk, “On the number of trees in a random forest”, J. Combin. Theory, B 27 (1979), 109-121. 

AUTHOR njas 

EXTENSIONS More terms from Vladeta Jovovic (vladeta(AT)Eunet.yu), Jun 03 2004 ==================== 

A095131 Numerators of average numbers of trees in a forest on n nodes. 1, 3, 2, 13, 12, 49, 93, 5, 127, 803, 1703, 3755, 271, 19338, 45275, 108229, 262604, 647083, 1613941, 2036099, 576341, 13331695, 264583, 90049334, 236302157, 38973748, 330784573, 8814122981, 7861906901, 63359160443, 42703885427 (list) 

FORMULA Numerators of A005196/A005195 

EXAMPLE 1, 3/2, 2, 13/6, 12/5, 49/20, 93/37, 5/2, 127/51, ... 

AUTHOR E. W. Weisstein (eric(AT)weisstein.com), May 29, 2004 

EXTENSIONS More terms from Vladeta Jovovic (vladeta(AT)Eunet.yu), Jun 03 2004 ==================== 

A095132 Denominators of average numbers of trees in a forest on n nodes. 

1, 2, 1, 6, 5, 20, 37, 2, 51, 329, 710, 1601, 118, 8599, 20514, 49905, 122963, 307199, 775529, 988939, 282591, 6592078, 131812, 45164337, 119237493, 19774239, 168670563, 4514955632, 4044075790, 32717113805, 22129966762, 240235675303 (FORMULA Denominators of A005196/A005195 

EXAMPLE 1, 3/2, 2, 13/6, 12/5, 49/20, 93/37, 5/2, 127/51, ... CROSSREFS Cf. A005195, A005196, A095131. 

Sequence in context: A011018 A030770 A114852 this_sequence A028940 A048998 A049019 Adjacent sequences: A095129 A095130 A095131 this_sequence A095133 A095134 A095135 

KEYWORD nonn 

AUTHOR E. W. Weisstein (eric(AT)weisstein.com), May 29, 2004 

EXTENSIONS More terms from Vladeta Jovovic (vladeta(AT)Eunet.yu), Jun 03 2004 
4.0 Number of nonisomorphic groupoids with n elements

This one has the nice asymptotic approximation: 
a(n) asymptotic to n^(n^2)/n! = A002489(n)/A000142(n) ~ (e*n^(n-1))^n / sqrt(2*pi*n). The number of labeled groupoids, recall, was n^(n^2) so this is that divided by n! which makes sense... since there are n! ways of permuting the n labels of the n distinguishable people/companies/countries...

 ================= 

A001329 Number of nonisomorphic groupoids with n elements. (Formerly M4760 N2035) 1, 1, 10, 3330, 178981952, 2483527537094825, 14325590003318891522275680, 50976900301814584087291487087214170039, 155682086691137947272042502251643461917498835481022016 (list) OFFSET 0,3 COMMENT The number of isomorphism classes of closed binary operations on a set of order n. 

REFERENCES M. A. Harrison, “The number of isomorphism types of finite algebras”, Proc. Amer. Math. Soc., 17 (1966), 731-737. 

T. Tamura, Some contributions of computation to semigroups and groupoids, pp. 229-261 of J. Leech, editor, Computational Problems in Abstract Algebra. Pergamon, Oxford, 1970. 

LINKS Eric Postpischil, Posting to sci.math newsgroup, May 21 1990 E. W. Weisstein, Link to a section of The World of Mathematics. Index entries for sequences related to groupoids FORMULA a[ n ]=prod{i, j >= 1}(sum{d|[ i, j ]}(d*n(d))^((i, j)*n(i)*n(j))) a(n) = sum {1*s_1+2*s_2+...=n} (fix A[s_1, s_2, ...]/(1^s_1*s_1!*2^s_2*s2!*...)) where fix A[s_1, s_2, ...] = prod {i, j>=1} ( (sum {d|lcm(i, j)} (d*s_d)) ^ (gcd(i, j)*s_i*s_j)) a(n) asymptotic to n^(n^2)/n! = A002489(n)/A000142(n) ~ (e*n^(n-1))^n / sqrt(2*pi*n). 

AUTHOR njas ;Formula and more terms from Christian G. Bower (bowerc(AT)usa.net)
5.0 Enumerating distinct topologies
· Maybe if there are n people or n companies or n commodities or n nations we want to enumerating distinct topologies, as part of enumerating possible economic systems

· Digraph Topology: An unlabeled transitive digraph with nodes is called a "topology." 
· The numbers of distinct topologies on n=1, 2, ... nodes are 1, 3, 9, 33, 139, 718, 4535, ... (Sloane's A001930). 
· No larger values are known. Eric W. Weisstein. "Digraph Topology." From MathWorld--A Wolfram Web Resource. http://mathworld.wolfram.com/DigraphTopology.html 

==================== 

A001930 Number of topologies, or transitive digraphs with n unlabeled nodes. 
1, 1, 3, 9, 33, 139, 718, 4535, 35979, 363083, 4717687, 79501654, 1744252509, 49872339897, 1856792610995, 89847422244493, 5637294117525695  

OFFSET 0,3 

COMMENT [ a(13)-a(16) are from Brinkmann's and McKay's paper ] - Vladeta Jovovic (vladeta(AT)Eunet.yu), Jan 04 2006 

REFERENCES K. K.-H. Butler and G. Markowsky, “Enumeration of finite topologies”, Proc. 4th S-E Conf. Combin., Graph Theory, Computing, Congress. Numer. 8 (1973), 169-184. 

F. Harary and E. M. Palmer, “Graphical Enumeration”, Academic Press, NY, 1973, p. 218 (but the last entry is wrong). 

J. A. Wright, “There are 718 6-point topologies, quasi-orderings, and transgraphs”, Notices Amer. Math. Soc., 17 (1970), p. 646, Abstract #70T-A106. 

J. A. Wright, personal communication. For further references concerning the enumeration of topologies and posets see under A000112 and A001035. 

LINKS P. J. Cameron, Sequences realized by oligomorphic permutation groups, J. Integ. Seqs. Vol. 3 (2000), #00.1.5. 

S. R. Finch, Transitive relations, topologies and partial orders 

G. Pfeiffer, Counting Transitive Relations, preprint, 2004. G. Pfeiffer, Counting Transitive Relations, Journal of Integer Sequences, Vol. 7 (2004), Article 04.3.2. 

D. Rusin, More info and references 

N. J. A. Sloane, Classic Sequences E. W. Weisstein, Link to a section of The World of Mathematics. 

Gunnar Brinkmann and Brendan D. McKay, Counting unlabeled topologies and transitive relations. 

CROSSREFS Cf. A000798 (labeled topologies), A001035 (labeled posets), A001930 (unlabeled topologies), A000112 (unlabeled posets) 

AUTHOR njas 

EXTENSIONS a(8)-a(12) from Goetz Pfeiffer (goetz.pfeiffer(AT)nuigalway.ie), Jan 21 2004 More terms from Vladeta Jovovic (vladeta(AT)Eunet.yu), Jan 04 2006 ==================== 
6.0 Number of different quasi-orders (or topologies, or transitive digraphs) with n labeled elements.

A000798 Number of different quasi-orders (or topologies, or transitive digraphs) with n labeled elements. (Formerly M3631 N1476) 

1, 1, 4, 29, 355, 6942, 209527, 9535241, 642779354, 63260289423, 8977053873043, 1816846038736192, 519355571065774021, 207881393656668953041, 115617051977054267807460, 88736269118586244492485121, 93411113411710039565210494095 


OFFSET 0,3 

REFERENCES Moussa Benoumhani, “The number of topologies on a finite set”, Preprint, 2005. 

J. I. Brown and S. Watson, “The number of complements of a topology on n points is at least 2^n (except for some special cases)”, Discr. Math., 154 (1996), 27-39. 

L. Comtet, Advanced Combinatorics, Reidel, 1974, p. 229. 

M. Erne' and K. Stege, “Counting Finite Posets and Topologies”, Order, 8 (1991), 247-265. J. W. Evans, F. Harary and M. S. Lynn, “On the computer enumeration of finite topologies”, Commun. ACM, 10 (1967), 295-297, 313. 

F. Harary and E. M. Palmer, Graphical Enumeration, Academic Press, NY, 1973, p. 243. J. Heitzig and J. Reinhold, “The number of unlabeled orders on fourteen elements, Order 17” (2000) no. 4, 333-341. 

D. J. Kleitman and B. L. Rothschild, “The number of finite topologies”, Proc. Amer. Math. Soc., 25 (1970), 276-282. 

M. Rayburn, “On the Borel fields of a finite set”, Proc. Amer. Math.. Soc., 19 (1968), 885-889. 

A. Shafaat, “On the number of topologies definable for a finite set”, J. Austral. Math. Soc., 8 (1968), 194-198. 

For further references concerning the enumeration of topologies and posets see under A001035. 

LINKS S. R. Finch, “Transitive relations, topologies and partial orders” Institut f. Mathematik, Univ. Hannover, Erne/Heitzig/Reinhold papers 

G. Pfeiffer, “Counting Transitive Relations”, Journal of Integer Sequences, Vol. 7 (2004), Article 04.3.2. 

D. Rusin, More info and references N. J. A. Sloane, Classic Sequences Index entries for "core" sequences 

FORMULA Related to A000798 by A000798(n) = Sum Stirling2(n, k)*A001035(k). CROSSREFS Cf. A000798 (labeled topologies), A001035 (labeled posets), A001930 (unlabeled topologies), A000112 (unlabeled posets), A006057. 

AUTHOR njas 
EXTENSIONS Two more terms from Jobst Heitzig (heitzig(AT)math.uni-hannover.de), 
7.0 Number of partially ordered sets ("posets") with n labeled elements (or labeled acyclic transitive digraphs).

A001035 Number of partially ordered sets ("posets") with n labeled elements (or labeled acyclic transitive digraphs).  

1, 1, 3, 19, 219, 4231, 130023, 6129859, 431723379, 44511042511, 6611065248783, 1396281677105899, 414864951055853499, 171850728381587059351, 98484324257128207032183, 77567171020440688353049939, 83480529785490157813844256579 


OFFSET 0,3 

REFERENCES 

G. Birkhoff, “Lattice Theory”, Amer. Math. Soc., 1961, p. 4. 

Gunnar Brinkmann and Brendan D. McKay, “Posets on up to 16 Points, Order 19” (2002), 147-179. 
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9.0 Other models, such as Hypergraphs

The enumeration of hypergraphs has achieved a breakthrough within the past year, bringing it to a level of tractability similar to the general theory of random graphs, so crucial to scale-free network theory.

10.0 Note on Economies of Abundance, Science Fiction, and Socialism

· The default assumption of many people is that there are two main economic systems, Capitalism and Communism.  
· The naïve analysis then suggests that Socialism is a compromise somewhere between those two.  
· Before returning to a brief discussion of Socialism, let me deflate the naïve assumption with an alternative which is clearly neither Capitalism nor Communism, but is well documented in the Anthropological literature.  

· Potlach

As defined in [potlac.org]. Potlach, n.
“A ceremonial feast among certain Native American peoples of the northwest Pacific coast, as in celebration of a marriage or an accession, at which the host distributes gifts according to each guest's rank or status. Between rival groups the potlach could involve extravagant or competitive giving and destruction by the host of valued items as a display of superior wealth.”

Alternatively [Makah, 2003]: “An important aspect of Makah life is the potlatch, which serves to enhance social standing and redistribute wealth and property. Potlatches are social events that mark passages in life, record oral history and maintain the status of families. Marriage and naming ceremonies, coming of age parties, memorials and feasts would sometimes last up to 10 days and neighboring tribes are invited. There is a strict protocol in the organization and presentation of the event, where family and guests reiterate their family privileges and entertain each other with inherited songs and dances and elaborate ceremonies commemorating the event. Preparation for these great feasts might take years, as the family needs to acquire or make enough gifts for all the guests.”

[Wikipedia, “Potlach”]: “A potlatch is a ceremony among certain Native American and First Nation peoples on the Pacific Northwest coast of the United States and the Canadian province of  British Columbia such as the Haida, Tlingit, Tsimshian, Salish, Nuu-chah-nulth, and Kwakiiutl… The potlatch takes the form of a ceremonial feast traditionally featuring seal meat or salmon. In it, hierarchical relations between groups were observed and reinforced through the exchange of gifts and other ceremonies. The potlatch is an example of a gift economy; the host demonstrates their wealth and prominence through giving away their possessions and thus prompt participants to reciprocate when they hold their own potlatch.”  See also: [Cole, 1990], [Kan, 1993], [Mauss, 1925], [Masco, 1995].

This is sharply distinguished from the wealth-accumulation assumed in Capitalism, instead involving the gain of an intangible form of status by the destruction of wealth. The analogy to “Conspicuous Consumption” in decadent Capitalism culture has been dissected [Veblen, 1899] an economic study of institutions, 1899].

* Cultures unrelated to the Northwest tribes have similar economic systems

* Koha: a similar concept among the Maori

* Kula, a similar concept in New Guinea Moka, 
* another similar concept in Papua New Guinea Sepik Coast exchange. 

Science Fiction has taken the Potlach model to an interesting extreme, in Frederik Pohl’s stories collected as Midas World [Pohl, 1983]. As reviewed by [Dave Langford, 1985]:

“There is something charming and enticing about a truly daft SF [science fiction] premise... provided the author treats it with that care normally reserved for some ghastly china dog presented by a rich relative. It's fatal to point crudely and jeeringly at the central daftness; equally fatal to stow it away in some lumber-room of plot. The trick is a straight-faced following of reductio ad absurdum logic (as, to strain our metaphor probably too far, the living-room's decor might be wittily arranged to highlight the naffness of that blasted ornament): Aldiss and Emotional Registers, Vonnegut and universal handicapping, Vance and the Temple of Finuka... Pohl with his inverted energy crisis in ‘The Midas Plague’ (1954). That story, revised a little for the 80s, is the springboard of this linked collection. It stands up quite well; the reversals stemming from a ludicrous economy of overabundance are still funny. Poor folks live unhappily glutted, in sprawling mansions with quarter-acre ballrooms, while the rich enjoy a simple cottage life and the heady wine of austerity. The hero's marriage is on the rocks since he can't afford to keep his wife in the style to which she's accustomed; the Ration Board compels him to shower her with [jewelry], stuff her with unwanted food. Driven to alcohol, he goes on a binge so dissolute that he madly lets half the world batten on him by paying for his drinks... Pohl's distorting mirror offers a crude but amusing caricature of capitalist mores, and for younger readers can still do what SF writers claim science fiction does: Make You Think.” 
“The more jaded of us may gripe at the brash lack of sophistication, and the implausible 

(even in the story's own terms)  resolution. Though avoiding the complete disaster of a lapse into actual common sense, Pohl's happy ending (the robots responsible for overproduction now help with consumption) provokes too many familiar responses like ‘Why now and not before?’ or ‘So what?’ But robot emancipation is a theme which which Pohl is to have fun in his 1980s pendants to the original. The book comprises seven stories and an opening vignette called ‘The Fire-Bringer’, concerning Amalfi Amadeus, responsible for the fusion-power vector of the midas plague. Then comes the 1954 piece; then ‘The Servant of the People’ (1982), ‘The Man Who Ate the World’ (1956), ‘The Farmer on the Dole’ (1982), ‘The Lord of the Skies’ (1983) and ‘The New Neighbors’ (1983). 
The 1956 tale is rather off the main line of development, an uneasy story of a man still trapped in compulsive patterns of overconsumption long after 1954. His torment and the Original Daft Premise do not sit well together, and the story -- adequate in itself -- seems to be gently pleading for release from this book's context. Even a semi-serious psychological study deserves not to be placed on the mantelpiece next to that gargoyle of a china dog. The eighties are here, Pohl is older and wiser, and the four new stories are worlds away from their origins. ‘Servant’, almost too underplayed for its own good, shows the logical development of robots' ‘satisfaction circuits’ (required by the Ration Board in "Plague", to prevent robot consumption being mere anathematical waste). Becoming more human, robots rise from helot status to that of second-class citizen, even gaining the vote: in the story, a robot Congressional candidate is running against a human robot-rights campaigner (‘Some of my best friends...’). Several barbs are planted, none very deeply; the Asimovian twist in the tale depends on the fact that Pohl's robots are both logical and (unlike Asimov's) reasonable. "Farmer" lets a good deal more hang out, with incidental fun and invention as good as anything Pohl's written. Zeb is a down-to-earth farming robot (‘Dem near eighty-five percent relative humidity,' he muttered to himself, 'an' yet it doan rain. Lord sakes ifn I know...’ etc.) Made redundant, he ventures into the big city, where the equivalent of a job centre does its very best for him by reprogramming him as a mugger. With a new turn of phrase: ‘Well, you wouldn't want to talk like a farmhand when you live in the big city, would you?’ ‘Oh, granted!’ Zeb cried earnestly. ‘But one must pose the next question: The formalisms of textual grammar, the imagery of poetics, can one deem them appropriate to my putative new career?’ The RRR frowned. ‘It's a literary-critic vocabulary store,’ she said defensively. ‘Look, somebody has to use them up...’ And somebody has to fill up the cities: most people have buggered off on the free-energy gravy train, to enjoy life in orbit, while the pampered few at home demand crowds of role-playing robots to make cities still feel like cities. Caught in the system, Zeb is increasingly and hilariously alienated until his own rebellion helps reveal his true niche. At first glance this looks like a standard too-pat ending, resembling in shape that of the original story: but it's entirely logical in terms of the new scenario, and conceals a second and blacker twist. Meanwhile, above a poverty-line now coterminous with Earth's atmosphere, the freeloading space habitats of ‘Lord of the Skies’ depend on a new and still less plausible turn in Pohl's demented energy economy. Brace yourself: solar power is not enough, and the idle rich are supported by a robot population working flat-out to beam energy from Earth into space. The despicable hero, product of his crumbling space environment, passes the time huntin', shootin' and fishin' -- targets of all three activities being von Neumann machines straggling in from the asteroids with cargoes of raw materials -- and generally jetsetting, just as everyone can in a time of ‘free’ resources. But what is this ominous voice from Earth, announcing doom "if this goes on" and proposing to call a halt? After several adventures our hero has no hesitation in ignoring still small voices no matter what their source or message. Black, black. More gently, ‘New Neighbors’ completes a process begun in ‘Servant’. An all-robot apartment block is shaken by social tremors when a couple of... organic folks move in. They may consider that they're slumming, but the robots are seriously worried about the quality of local life: ‘...I really don't see why we're all getting so upset. There are only two of them, and there are a couple of hundred of us.’ 

‘Now there are!’ Gregory cried. ‘Did you forget they're organic? What are we going to do if they start to reproduce?’ A gently unscrupulous campaign to save the neighbourhood is successful. Robots duly inherit the Earth. Amalfi Amadeus (deprived by lawyers of full kudos for the fusion process) sniggers in his grave. All ends perplexedly. This tenuous connection of Amadeus at front and back doesn't really veil the disparity of the contents. The gigantic shadow of the Daft Idea falls heavily across the quieter new stories; the gulf between these -- the low-key ‘Servant’ and ‘Neighbors’ -- and the exuberantly inventive ‘Farmer’ and ‘Lord’ is almost as great as that between 1950s and 1980s Pohl. Better than the curate's egg, it's good and enjoyable in most of its parts: they merely fail to make a coherent whole.”

 [end Langford quote] 

Science Fiction author and Professor of Economics Robin Hanson has summarized one aspect of the literature of the fantastic in a provocative essay “The Economics of Science Fiction” [Hanson] 

“Academic discussion of the non-immediate future seems almost non-existent. Yet the topic is of widespread popular interest. Why? The explanation seems obvious: it seems very hard to say anything rigorous about the topic, and individual academics avoid the topic in order to distinguish themselves from the sloppy wishful thinkers who seem to dominate the topic. Most discussion of the non-immediate future seems to take place in science fiction, and the small subset of science fiction where authors try hard to remain realistic is called hard science fiction.”  For definition, see [Post, “Hard SF”]. 

“Loosely associated with hard science fiction is an intellectual community of people who try to make projections which are true to our best understanding of the world. They work out the broad science and engineering of plausible future space colonies, starships, virtual reality, computer networks, [surveillance], software assistants, genetically engineered people, tiny machines made to atomic accuracy, and much more. Unfortunately, few if any people of these people know much social science. So their projections often combine reasonable physics or computers with laughable economic assumptions. This often seriously compromises their ability to make useful projections. Professional economists, on the other hand, do understand social science, and often do talk about the future. Quite a few of them are even paid a lot to think about what the next hot technology will be.” 

“Economists, however, seem to almost completely ignore the longer-term implications of specific envisionable technologies. When looking more than a few years out, they almost always abstract away from specific technologies and think in terms of aggregate economic processes, which are assumed to keep on functioning much as they do today. This leaves an unfilled niche, which I call the ‘economics of science fiction’, or the ‘economics of future technology.’ This is economic analysis of the sorts of assumptions typically explored in science fiction. It is distinguished from the typical hard science fiction analysis by using the tools of professional economics, rather than the intuitive social scientist of the typical engineer. And it is distinguished from most economics by taking seriously the idea that we can now envision the outlines of new technologies which may have dramatic impacts on our society. The best way to explain what I mean in more detail is to give some examples of it. Here is a collection of articles by others I think of as examples” [Krugman, 1978]; [Frankel, 1978]; [Reinganum, 1986] (the latter argues that current economic conditions rule out the possibility of past, present, or future time machines. The interest rate would always be zero if time travel were possible, because of the arbitrage opportunities that time travel would permit. Positive rates of interest are positive proof that time travel, unlike space flight, is pure fantasy). 

“There are maybe a half dozen articles on the economic theory of telecommuting. [Helpman, 1998]. Most economists have viewed technological progress as an incremental process. A few have focused on the role of drastic innovations - those that introduce a discontinuity. The contributors to this volume are concerned with the type of drastic innovation called general purpose technologies (GPTs). A GPT has the potential to affect the entire economic system and can lead to far-reaching changes in such social factors as working hours and constraints on family life. Examples of GPTs are the steam engine, electricity, and the computer. The study of GPTs is relatively new. A universal theoretical framework for dealing with GPTs does not yet exist. The essays in this book both further our understanding of GPT-driven economic growth and lay the foundation for further developments of the available frameworks. Next is a collection of articles of mine applying economic analysis to the sorts of assumptions that tend to be the basis of science fiction. I'd love to publish a book some day on this topic, either a collection of articles like those below, or a more coherent presentation.” [Hanson, 1998]. 

“A simple exogenous growth model gives conservative estimates of the economic implications of machine intelligence. Machines complement human labor when they become more productive at the jobs they perform, but machines also substitute for human labor by taking over human jobs. At first, expensive hardware and software does only the few jobs where computers have the strongest advantage over humans. Eventually, computers do most jobs. At first, complementary effects dominate, and human wages rise with computer productivity. But eventually substitution can dominate, making wages fall as fast as computer prices now do. An intelligence population explosion makes per-intelligence consumption fall this fast, while economic growth rates rise by an order of magnitude or more. These results are robust to automating incrementally, and to distinguishing hardware, software, and human capital from other forms of capital.” [Hanson, Mar 1998]. 

“Attempts to model interstellar colonization may seem hopelessly compromised by uncertainties regarding the technologies and preferences of advanced civilizations. If light speed limits travel speeds, however, then a selection effect may eventually determine frontier behavior. Making weak assumptions about colonization technology, we use this selection effect to predict colonists' behavior, including which oases they colonize, how long they stay there, how many seeds they then launch, how fast and far those seeds fly, and how behavior changes with increasing congestion. This colonization model explains several astrophysical puzzles, predicting lone oases like ours, amid large quiet regions with vast unused resources.” [Hanson, 1994]. Dr. Geoffrey Landis has made a more quantitative model of galactic colonization, using Percolation Theory [Landis, 1999?].

“What if we someday learn how to model small brain units, and so can ‘upload’ ourselves into new computer brains? What if this happens before we learn how to make human-level artificial intelligences? The result could be a sharp transition to an upload-dominated world, with many dramatic consequences… fast and cheap replication may once again make Darwinian evolution of human values a powerful force in human history. With evolved values, most uploads would value life even when life is hard or short, uploads would reproduce quickly, and wages would fall. But total wealth should rise, so we could all do better by accepting uploads, or at worse taxing them, rather than trying to delay or segregate them.” [Hanson, June 1998]. 

“Economic growth is determined by the supply and demand of investment capital; technology determines the demand for capital, while human nature determines the supply. The supply curve has two distinct parts, giving the world economy two distinct modes. In the familiar slow growth mode, rates of return are limited by human discount rates. In the fast growth mode, investment is limited by the world's wealth. Historical trends suggest that we may transition to the fast mode in roughly another century and a half. Can some new technology switch us to the fast mode more quickly than this? Perhaps, but such a technology must greatly raise the rate of return for the world's expected worst investment project. It must thus be very broadly applicable, improving almost all forms of capital and investment. Furthermore, investment externalities must remain within certain limits.” [Hanson, Sep 1998].

“Brad De Long has combined standard world product time series with older population time series, to construct a history of world product from one million B.C. to today…. We model this product history as both a sum of exponentials, and as a constant elasticity of substitution (CES) combination of exponentials. World product history since two million B.C. is reasonably described as a CES combination of three distinct exponential growth modes: ‘hunting,’ ‘farming,’ and ‘industry.’ Each mode seems to have grown over one hundred times faster than its predecessor. The CES parameters describe how much each mode substituted or complemented its neighbors. Farming seems to have strongly substituted for hunting, making for a sharp transition, while industry more complemented farming, making for a smoother transition. If it is possible for the economy to again transition to a faster mode, and if modes are comparable in terms of how much the economy grows when they dominate and how much faster new modes are, then the next century could see a transition to a growth mode where the doubling time is measured in weeks, not years.” [Hanson, 1992/1995]. “The pace of scientific progress may be hindered by the tendency of our academic institutions to reward being popular, rather than being right. A market-based alternative, where scientists more formally ‘stake their reputation’, is presented here. It offers clear incentives to be careful and honest while contributing to a visible, self-consistent consensus on controversial (or routine) scientific questions. In addition, it allows funders to choose questions to be researched without choosing people or methods. [Hanson, 1994] To cure health care, give your care-givers a clear incentive to keep you well. Make sure that when you lose, they lose, and just as much. Buy lots of life and disability insurance from your care-givers, and have a third party, unable to act against your life or health, pay you to be the beneficiary. (A simple game-theoretic model illustrates this proposal.)”

“[Hanson Aug 1996] Humanity seems to have a bright future, i.e., a non-trivial chance of expanding to fill the universe with lasting life. But the fact that space near us seems dead now tells us that any given piece of dead matter faces an astronomically low chance of [begetting] such a future. There exists a great filter between death and expanding lasting life. Humanity faces the ominous question: how far along this filter are we? Combining standard stories of biologists, astronomers, physicists, and social scientists would lead us to expect a much smaller filter than we observe. Thus one of these stories must be wrong. We should study and reconsider all these areas. In particular we should seek evidence of extraterrestrials, such as via radio signals, Mars fossils, or dark matter astronomy. But contrary to common expectations, evidence of extraterrestrials is likely bad (though valuable) news. The easier it was for life to evolve to our stage, the bleaker our future chances probably are.” [Hanson, Sep 1996]  “If we are not to conclude that most planets like Earth have evolved life as intelligent as we are, we must presume Earth is not random. This selection effect… also implies that the origin of life need not be as easy as the early appearance of life on Earth suggests. If a series of major evolutionary transitions were required to produce intelligent life, selection implies that a subset of these were ``critical steps," with durations that are similarly distributed. The time remaining from now until simple life is no longer possible on Earth must also be similarly distributed. These results are used to constrain models of major evolutionary transitions.”

“[How To Live In A Simulation]. If you might be living in a simulation then all else equal you should care less about others, live more for today, make your world look more likely to become rich, expect to and try more to participate in pivotal events, be more entertaining and praiseworthy, and keep the famous people around you happier and more interested in you. [Privacy and Policy, A simple analysis: Ordinary privacy is leaving; can online privacy replace it? Critiquing the Doomsday Argument] A clever and thought-provoking argument suggests we should expect the extinction of intelligent life on Earth soon. In the end, however, the argument is unpersuasive. [Dreams of Autarky] Genie nanotech, space colonies, Turing-test A.I., and a local singularity are all dreams of a future where some parts of the world economy have an unusually low degree of dependence on the rest of the world. But it is the world-wide division of labor that has made us humans rich, and I suspect we won't let it go for a long time to come.”
The Potlach models, and Fred Pohl’s comic exaggerations, are related to the more realistic proposals for negative income tax, and beyond. Max Borders: Joining us today we have Charles Murray, author of the new book, "In Our Hands: A Plan to Replace the Welfare State." http://www.tcsdaily.com/article.aspx?id=032806A "... The alternative I suggest is give every adult American, age 21 and older, $10,000 a year. And let them run with it.... The idea is a direct descendant of Milton Friedman's proposal for negative income tax. George Stigler sometimes gets the credit for that. But George Stigler himself says it was suggested to him by Milton Friedman back in the early 1940's. So it's a direct descendent of that idea, considerably revised, but on a much bigger scale and doing much more. I'm not using this just to cure poverty. I'm using this money to take the place of Social Security and Medicare and Medicaid and all the rest of those kinds of things...." 

The economics of abundance          Henry Farrell
http://crookedtimber.org/2003/09/04/the-economics-of-abundance
One of the more interesting sf phenomena of the last fifteen years or so has been the creation of a more economically literate science fiction, which gets away from the libertarian ‘competent man’ certitudes of much of the early writing in the genre. It seems to me that the Brits have pioneered this – Iain Banks, Charlie Stross, Ken MacLeod, China Mieville, Justina Robson, Paul McAuley come to mind – but notable Americans too (Steven Brust, Cory Doctorow and Neal Stephenson) have been guilty of economically sophisticated literature on occasion.

Economics of abundance – if future scientific progress allows us to produce material goods effectively for free (as some sf writers postulate), then what happens to society?

Iain Banks’ ‘Culture’ series is perhaps the best known SF take on this question; Banks sneakily describes a Communist utopia in terms which might well mislead the uninitiated into thinking that he’s a gung-ho libertarian. And Banks got frequent and deserved

namechecks at the panel. Charlie Stross gave the standard take that economics is the science of choice under scarcity, and then launched into a discussion of what economics might have to say under conditions where scarcity didn’t apply (answer: not much). The

panel, after some meanderings, more or less agreed that material abundance would lead people to displace their energies to achieving social status through positional goods and the like.

While economic reasoning can lead to some interesting insights about people’s struggle for social status, it also has some very clear limitations. Gary Becker’s ‘strong’ programme of applying marginal analysis to social phenomena across the board hasn’t had [much] success. Even if people behave in a self-interested fashion… to grab status, this self-interested behavior doesn’t lend itself well to standard economic analysis. Why?

Both the late Mancur Olson and the still-very-extant Doug North [Olson, 1999] have remarkably similar takes on this. Social goods and political goods are difficult to analyse using economic tools, because they’re not easily measurable. As Olson points out, political and social goods tend to be indivisible. That is, it’s hard to divide them up into discrete amounts without changing the quality of the good in question. As Olson says, friendship (as against acquaintanceship) and marriage (as against prostitution) involve a certain amount of indivisibility – beneath a certain level of provision, the good becomes qualitatively different. This means both that it’s difficult to impossible to translate these goods into money, and that it’s bloody difficult to measure them. As North argues, this has rather fundamental implications for neoclassical economic theory, which tends to assume that it’s possible in principle to measure what it is that actors are exchanging. Neo-classical theory can’t tell us much about choice under these circumstances.

What does this tell us about situations where material (measurable) goods are abundant? I reckon that two implications follow. 
* human beings are dissatisfied sorts by nature – if they’re getting enough in the way of material wants, they’ll find other unrequited (social) needs to squabble about, so that they can vie for position. Economists and sociologists like Thorstein Veblen and Fred Hirsch would likely agree with this assessment. 
* the economists of the future aren’t going to have much that’s useful to say about choice under these conditions, unless they radically change their assumptions and tools. Someday far hence, the dismal science may be a thing of the past.

I strongly doubt that there is a mathematical difference between any of the purportedly different flavors of Socialism. 
11.0 Notes on Economies in Transition: A deep question: “presuming that one has mapped the space of all possible economic systems, how can we determine which transitions from one system to another are possible, and if possible, with what costs and risks can the transition being navigated?”

[Vaknin] writes:  “When one or more of these basic building blocks of trust is fractured that the whole edifice of the market crumbles. Fragmentation ensues, more social and psychological than economic in nature. This is very typical of poor countries with great social and economic polarization. It is also very typical of countries ‘in transition’ (a polite way to describe a state of total shock and confusion). People adopt several reaction patterns to the breakdown in trust: Avoidance and isolation - they avoid contact with other people and adopt reclusive behaviour. The number of voluntary interactions decreases sharply. .... The results are, usually, catastrophic: A reduction in economic activity, in the number of interactions and in the field of economic potentials (the product of all possible economic transactions)....” 

“The product of all possible economic transactions” is a concept inherently related to “the space of all possible economic systems” at the microeconomic level.
[For full paper and references, see this author’s “NKSecon.doc”]
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