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“Each time I came to a point of choice, [the heuristics] nudged me along one path rather than another 
– a little more reliably than if I had tossed a coin. In reviewing my research and my life, that is as much 
plan as I can find.” 
Herbert Simon, Models of My Life, pp. 386/7; italics added. 
 
“[T]wo roads diverged in a wood, and I -- 
I took the one less traveled by, 
And that has made all the difference.” 
Robert Frost, The Road Not Taken; italics added. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
! We prefer the English spelling of words like ‘organisation’ and ‘behaviour’, but the predominance of 
American variants of these, and other, important items, in this paper, may give the impression that the authors 
are slightly schizophrenic. Although this may be true, if not of both authors, then at least the older one, the 
appearance of both variants is partly due to the importance of Simon (1947, 1952-1953, 1958 (1993)). We have 
to add that the notion of Mechanism used here has nothing whatsoever to do with Mechanism Design, as 
conventionally understood. 
" Università degli Studi G. d’Annunzio Chieti e Pescara, Department of Philosophical, Pedagogical and 
Economic-Quantitative Sciences, Chieti, Italy; edgardo.bucciarelli@gmail.com.  
# Tottvägen 11, 169 54 Solna, Sweden; kveluillai@gmail.com.!!
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Abstract 
 

Next year is the 60th anniversary of the classic on Organizations by March & Simon, a 

second edition of which appeared 35 years later, in 1993. This paper is written to 

commemorate the 60th and the 25th anniversaries of the publication of the two editions, 

with a contribution to the interpretation of an Organization in terms of Robin Gandy’s 

notion of Mechanism. March & Simon make a distinction between a programmed and 

a non-programmed part of the activities of an Organization. The algorithmic nature of 

the programmed part is underpinned by the psychologically-based notion of Heuristics, 

instead of the Church-Turing Thesis of orthodox computability theory. In addition the 

causal and hierarchical structure of an Organization requires not only serial, but also 

parallel, processing – which is intrinsically possible by Mechanisms satisfying Gandy’s 

four Principles. These principles are also naturally satisfied by the kind of Organization 

in March & Simon. Our contribution is, therefore, towards a formalisation of 

Organizations, in terms of Gandy’s Mechanisms, as Computing Devices trying to solve 

problems with search Heuristics. 

 

JEL Codes: C63, D03, D23, D73 

 

Keywords: Organizations, Mechanisms, Gandy’s Principles, Heuristics, 

Decision-Making, Rationality. 
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§ 1. An Extended Preamble 
“The metaphor of chess, cryptarithmetic1 and the Tower of Hanoi serving as the green peas, 
Drosophila and E. coli of cognitive science is as near to literal truth as it is to fancy.”2 
Simon, 19893, p. 394; italics added. 

 

We have chosen to begin with this quote to emphasise Herbert Simon’s lifelong commitment 

to the interlocking nature of theory and empirics4 – but also of learning about thinking 

procedures in formulating search heuristics for discovering solutions to problems in 

economics, psychology and computer science.5 

 

Simon worked with, and invoked, sixteen (or seventeen, if ‘causal’ is distinguished from 

‘causal ordering’) scientific concepts6, which he defined precisely between 1947 and 1989 

(although his scientific contributions were spread over almost 70 years, 1935 – 2004, even if 

death intervened, cruelly, in 2001): decision-making7, human-choice, rationality, causality & 

causal ordering, near-decomposability, hierarchical systems, (cybernetic) feedbacks (of 

‘classical’ control systems), heuristics, problem solving, bounded rationality, satisficing, 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1 An inessential remark may be warranted here: there are minor infelicities in the vast reference list (# 
268!) of Newell/Simon (1972), an example of this (triviality) is the title of Brookes (1963) has a 
hyphen in the word for cryptarithmetic (cf., pt. 2 of Newell/Simon, op.cit) – as Crypt-Arithmetic, 
known in much earlier times as Arithmetical Restorations (Brookes, op.cit, p. 4, see also, Knuth 
(1997), p. 324, where Alphametics and cryptarithm are mentioned as alternative names). 
2 The interested reader can obtain a good introduction to the genetic concepts from Mukherjee (2016); 
the cognitive scientific aspects of chess, cryptarithmetic and the Tower of Hanoi are part of Simon’s 
oeuvre, but see, in particular, pts. 4 & 2 of Newell/Simon (1972) and ch. 4.8 of Simon (1989), 
respectively.  
3 The title of this paper presages that of the Afterword in Simon (1991; 1996), The Scientist as 
Problem Solver, to which we will return later. 
4 The roles played by Mendel’s green peas, Morgan’s drosphila and Monod’s Escherica (E-) coli 
experiments in underpinning the theories (cf., Mukherjee, 2016) they formulated are salutatory 
lessons for anyone trying to understand Simon’s scientific life of research. We do not make a hard-
and-fast distinction between empirics and experiments, either methodologically or epistemologically. 
5 It was important to understand the processes a human rational agent uses to solve puzzles and 
(parlour) games, and he considered chess, the word-puzzles of cryptarithmetic and the Tower of 
Hanoi as quintessential examples of this activity. In this he was very similar in the emphasis the 
almost playfully innocent Alan Turing gave to chess and GO. We surmise that both Simon and Turing 
would have welcomed Kasparov (2017), and Hassabis (2017), in the way machine models have been 
constructed to learn, mimic and defeat Grandmasters in chess and GO. 
6 See Simon (1947), p. 37. 
7 As the then doyen of Political Science, Robert Dahl, pointed out, perceptively (Dahl, 1957, p. 245; 
italics added): 

“[T]he concept at the center of his theory is ‘decision making’.”  
This is in contrast to his lifelong collaborator – and friend – Allen Newell’s view (see below)! 

 
!
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discovery, surprise, information processing systems (IPS), evolution and complexity. He 

invoked one or another collection of these concepts – sometimes implicitly, but often 

explicitly - to study, above all, the Rational Mechanisms in Organizations.   

 

Concepts, concept formation8 and their roles in information processing theories of behaviour, 

thinking, problem solving, discoveries and, above all, the functions and mechanisms of 

Administrative Organizations (the phrase in Simon’s first published book of 1947 – exactly 

70 years ago) was based on the rationality of mechanisms; i.e., of discovering and theorising 

about the rational structure of the mechanisms that underpin individual and organizational 

behaviour9. 

 

We would like to add that our assertion applies to all of Simon’s research work, as far as we 

could come to terms with the massiveness of it – except his significant contributions to the 

size distribution of firms and the skewed nature of them, which he modelled as being driven 

by model(s) of stochastic processes. But in view of Bartlett’s reflections (Bartlett, 1990), 

Tong’s important work (Tong & Lim, 1980), Simon’s own comments in the Raffaele 

Mattioli Lectures (Simon, 1997, pp. 174/5) and the methodological message of Gregg & 

Simon (1967), we feel confident in stating, as a conjecture in, that such empirical 

distributions can be generated by coupled-deterministic-nonlinear dynamical systems. These 

systems, in turn, can also be viewed as the attractors of rational mechanisms in the dynamics 

of organization behaviour, as they evolve merge and ‘disappear’. 

 

It behooves us to mention, contrary to our second-hand opinion, that Allen Newell (1989, p. 

400) refers to bounded rationality as ‘the central idea’ in Herbert Simon. We, on the other 

hand, claim that the concept of heuristics, via structured search processes10 – for Simon, 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
8Frege’s classic of 1879 was titled Begirffsschrift (cf. van Heijenoort (ed.), 1967, pp. 1-82). 
9 Analogous to the Cowles Foundation Monograph that became Arrow (1951), where socially rational 
behaviour was underpinned by individual rationality – produced when Simon was also a member of 
the Cowles Foundation.  
10We confess – particularly Velupillai – that it was only relatively recently that a realization of the 
difference between Simon and Turing (1954), in their respective approaches to Problem Solving – 
Human and Machine or Formal, respectively – became clear to us. Simon’s notion of algorithm does 
not assume the Church-Turing Thesis (cf., also Simon (2004), especially p. 47 – published only after 
he died), but nor is it of the Constructive Mathematical variety; if anything, it is cognitive 
(psychological), inspired by Selz and Duncker. ‘Challenging’ Newell’s view, based on decades of 
friendship and co-authorship, is not something we indulge in lightly; but the subject requires a 
detailed exposition, which we reserve for another time. 
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from Selz (cf., Newell/Simon, 1972, p. 874) and the Wurzberg school of an early form of 

cognitive science, unlike from Polya (1945) for Newell – in decision making is ‘central’, 

simply because – eventually – Problem Solving and Discovery by agents and institutions 

(particularly tied to evolutionary survival by the latter), with or without the bounded 

rationality-satisficing nexus, became the guiding discipline for his research. Since eminencies 

such as Dahl and Newell disagree on what was – is – ‘central’ to Simon’s research activity, 

our emphasis on heuristics as the central idea, partly based on our quotation from Simon 

(1996), in the title page, cannot be considered too controversial. 

 

This paper is structured as follows. The next section is on Simon’s development of the notion 

of Organizations in terms of Gandy’s (1980) notion of a Mechanism, modified and extended 

– especially with parallel processing considerations – by Shepherdson (1975, 1995), capable 

of computation in the sense of Turing computability (Turing, 1936). We shall, for the 

purposes of this paper, concentrate on March & Simon (1993), in particular chapters 6 & 7, 

of this classic, which we believe invokes all of the above 16 (or 17) concepts to define, 

understand and develop a computational – i.e., programmed - procedural, evolutionary, 

theory of Organizations11. Apart from the additional structure due to the four principles of 

mechanisms due to Gandy (ibid), it is analogous to the way we identified the choice activity 

of a rational individual with the computing process of a Turing Machine (Velupillai, 2000, 

chapter). Thus, the main result of this section – indeed the only mathematical theorem in this 

paper – is the uncomputability (or undecidability) of the decision mechanism of an 

Organization (as described in March & Simon, ibid). Hence, Simon had no hesitation in 

attributing, to the processes of choice, problem solving and discovery, by Organizations, 

structured the way identified in this classic, bounded rationality and satisficing by individuals 

and groups of individuals, motivated – i.e., having ‘utility’ functions – by formalized, 

orderable, desires. 

 

The notion of size of an Organization is almost as elusive as the smile on the Cheshire Cat! 

An Organization is never defined, or discussed, in static terms by Simon - it is intrinsically 

dynamic, often also evolutionary. Size (and its ‘dual’, shape) is quintessentially a static 

concept (which is why Klee & Minty, 1972, were able to use the concept of worst-case 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
11 For ease of expositions we shall henceforth refer to March & Simon (1958; and Models of My Life 
(1991)) with the date of the 2nd editions (1993.1996 and the MIT Press edition, respectively). 
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alternative12 to demonstrate the computational complexity of the simplex algorithm). As one 

of two conjectures in §3, we suggest a dynamic definition of size – as if it is possible to 

encapsulate the pattern of an evolving jigsaw puzzle – based on Ramsey’s Theorem13. For 

someone like Herbert Simon, who was intrigued by combinatorial games, this must – at least 

– appeal in an amusing sense (although we suggest it seriously). 

 

In the same concluding §5, we also suggest that a perspective of Simon’s notion of problem 

solving by, and discovery in, organizations should be encapsulated in deterministic, 

nonlinear, dynamical systems. Simon’s massive oeuvre is dominated by linear dynamics, 

although he seemed to want to ‘break loose’ and venture towards the weird and wonderful, 

untameable, world of nonlinearity. Since the notion of size in the first conjecture of this 

section is dynamic, the algorithmic computational processes – whether under types of the 

Church-Turing Thesis or some variant of the search processes underpinning heuristics - 

should be generated also by a dynamic process – where the changing notion of size is 

reflected in the non-equilibrium, nonlinear, dynamics of a generative process. A part of the 

meaning of this is implied by the basins of attraction of attractors of the discrete, nonlinear, 

dynamical system of the generative process is undecidable. This is suggested as a conjecture 

in the concluding section and goes, we think, part of the way towards ‘pulling the threads 

together’ in a coherent way.  

 

§ 2. Rational Mechanisms in Computable Organizations 
“A theory of …. organization cannot exist without a theory of rational choice. … [A] theory 
of rational choice can hardly exist without a theory of organization.” 
Simon, 1957, p. 196; italics added. 
 

One of the curiosities of Simon’s two influential books on Administrative Behavior and 

Organizations (jointly with James March), published in 1947 & 1958 (first editions), 

respectively, is that neither of them contain any mathematical formalism. This is a curiosity 

only because many of Simon’s essays of the intervening period were deeply mathematical, 

formally mathematical logical and also underpinned by some deep knowledge of the 

philosophy of science, at least of the logical positivistic variety. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
12 See also Simon (2004), p. 47. We have absolutely no doubts whatsoever that Simon would be 
exhilarated with the recent work of Spielman & Teng, reported by Cipra (2006) on deemphasising the 
idea of defining and measuring computational complexity by notions of worst-case alternatives. 
13 Alternatively, it is possible to use the concept of a Busy Beaver Game, which – according to 
Velupillai – has a kind of duality relationship with Ramsey’s Theorem. 
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The apparent curiosity disappears if one considers Models of Man (Simon, 1957) as a 

mathematical companion volume14, ex post for Administrative Behavior (the mathematical 

appendix that was part of the unpublished thesis, on which the book was based, did not 

appear in the published book, cf., also Takahashi, 2015 – although we do NOT agree with 

this author’s stance on Simon vs. Barnard, see below) and ex ante for Organizations15.  

 

Before we continue with the main theme of this section, it is necessary to point out that 

bounded rationality is not the ‘capacity’ of Barnard, as Takahashi (op. cit) alleges, nor the 

kind of ‘thing’ economists define (for eg., Radner, 1975 or Sargent, 1993; see also 

Gigerenzer & Selten, 2001, p. ix and Kao & Velupillai, 2015, §4.1). The most enlightening 

way to make the point we wish to make was that which was emphasised by Newell (1989, p. 

400; italics added): 
“It is an interesting side note that Herb did not succumb to the temptation of a capacity 
theory. A common response to limited processing is to posit a resource, call it rationality 
juice. A person has only a limited supply of this juice, and what is used for purpose P cannot 
be used for purpose Q. Then, the analyst regains the ability to apply optimization theory by 
assuming that the person will always distribute his limited rationality juice optimally among 
his options. Many have succumbed to positing such overall resource limits (by this or any 
other name). In my opinion, it has shielded them from discovering the real character of the 
mechanisms of cognition, which have shape as well as volume. Instead, Herb went for the 
details of the specific mechanisms involved. There is nothing in Herb's story that I know of 
that says why this happened.”  

 

In going ‘for the specific mechanism’, Simon chose the dynamic, process-oriented, path – as 

he had done since 1935 – and eschewed the orthodox way of static optimization, under given 

constraints. 

 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
14 Although Simon (1952-53) is republished in Simon (1957), we have wondered whether the second 
part of the former could have been the missing Mathematical Appendix of Simon (1947)! 
15 There is no reference to Models of Man in Organizations, although the latter was published one 
year after the former; but many of the essays, relevant for the mechanisms of rationality in 
organizations, in the former, were individually referred to in the latter. Also, omniscient [Rational] 
man in Models of Man (p. 202), became Olympian Rationality in Simon (1983, p. 19). Incidentally, 
Dahl (op.cit., p.245) refers to Simon’s act of ‘creative destruction’ (Schumpeter, 1942 pp. 82/3) in his 
(largely successful) attempts to construct a Science of the Principles of Administrative Behavior – an 
act which Simon achieved – in our opinion – by laying the foundations of a Science of Organization 
Behaviour with what we call the construction of a Rational Mechanism of Organizations as 
Computational Devices in the sense of Gandy (ibid). Incidentally, Velupillai, born a Hindu, was 
brought up with the creatively destroying activities of Brahma and Siva – two of the Hindu trinity, the 
third being Vishnu and was slightly perplexed that current fashions, particularly in endogenous 
growth theory, seem to be enamoured with this metaphor. 
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The path from rational economic, administrative and thinking man, to the rational 

organizations man16, was via a dismissal – almost with disdain, as ‘fundamentally 

wrongheaded’ – of all ‘classical’ approaches to administrative and organizational rational 

behavior. By this we mean ‘all’ approaches to individual, social or group rational behavior, 

relying on ‘traditional’ game theory – i.e., on variations of the notions broached in von 

Neumann/Morgenstern’s classic of 194417, statistical decision theory, orthodox – formal or 

informal – economic theory and ‘modern behavioural economics’18 and also that which 

emanated from an ostensibly different social choice theory.  

 

The formulation of Rational Mechanisms in Organizations – at least in March & Simon 

(ibid) - is built upon the foundations of a decision making of programmed activity, solving 

problems posed to it, and choosing to solve problems, using heuristic search processes to 

discover solutions, by a causally structured hierarchical system of organizations, coupled 

internally so that nearly decomposable, complex, evolutionary linear dynamics19 allows serial 

and parallel processing of data can be empirically analyzed.  

 

Thus, every one of the 16 (or 17) concepts we specified in §1, above, happen to be utilized, 

both theoretically and empirically, to define and determine the functions of the rational 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
16 Surprisingly, we have never encountered this particular phrase in any of Simon’s works, but we 
hasten to add that it does not mean it cannot be found somewhere in them! 
17 There is a curious misprint in referring to the date of this classic’s original publication, on p. 202 of 
Simon (1957) – where, obviously, by ‘1945’ is meant ‘1944’! 
18 As Simon wrote in footnotes 2 & 3, respectively, on p. 202, in Simon (ibid; italics added): 

“I must add that I agree with neither Edwards nor Savage in their assessment of the import and 
implications of these developments (in ‘the theory of decision making’). 

and: 
“[I] cannot think of a more appropriate word [than ‘wrongheaded’] to describe the cheerful and 
buoyant obstinacy with which my friends in economics and statistics defend their myth of omniscient 
man.” 

These enlightened, if also cheerfully caustic, standpoints of Simon are dissected and explored in detail 
in Kao & Velupillai (op. cit). That which is currently – fashionably – referred to as behavioral 
economics (Kao & Velupillai refer to this as Modern Behavioural Economics, MBE) goes back to the 
early works on the decision theory of Ward Edwards, based on the subjective probability theory of 
Leonard Savage, and became subjective expected utility (SEU) theory. None of this, in particular, 
MBE theory, is computable in any sense, with or without an assumption of the Chruch-Turing Thesis 
or any formalization of Simonian Heuristics. The probability theory that underpins MBE is not based 
on the theories of Savage (and there is no mention of Keynes - of the Treatise on Probability - 
Ramsey or de Finetti in von Neumann/Morgenstern). 
18 See footnote 7, above. 
19 It must be noted – contrary to ‘popular’ misconceptions – that complexity and linear dynamics are 
not antithetical notions, as evidenced by the framework and results of Turing (1952). 
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organizational mechanism. That this is not only for merely surviving in a market of more-or-

less competition, by business organizations, in an advanced industrial economy, but also for 

its innovative evolution. This fact can be gleaned from a careful perusal of Organizations, 

especially chapters 6 & 7. Given the constraints of space, we choose to substantiate our above 

assertion with a few quotes from the relevant chapters of the book we are celebrating: 

•! ‘Most human decision-making, whether individual or organizational, is concerned with the 
discovery and selection of satisfactory alternatives; …’ (p. 162; italicized original). 

•! ‘In organizations there .. is a considerable degree of parallelism between the hierarchical 
relations among members of the organization and the hierarchical relations among program 
elements.’ (p. 171; italics added). 

•! ‘[T]he central theme of [chapter 6 is] that the basic features of organizational structure and 
function derive from the characteristics of human problem-solving processes and rational 
human choice.’ (p. 190; italics added). 

•! The five ‘characteristic features’ of the ‘simplified models’ [in chapter 6, p. 191;italics added] 
are: 

1.! ‘Optimization is replaced by satisficing - …  .’ 
2.! ‘Alternatives …. are discovered, sequentially through search processes.’ 
3.! [Repertoires] are developed by organizations  … and serve as the alternatives of 

choice in recurrent situations.’ 
4.! Each specific action programs deals with restricted range of situations and a 

restricted range of consequences.’ 
5.! Each action program … executed semi-independently of the others – they are only 

loosely coupled together.’ 
•! ‘[A] mosaic of programs .. constitute the great bulk of human behavior in organizations.’ (p. 

193). 
•! ‘[A] theory of choice without a theory of search is inadequate.’ (p. 194; italics added). 
•! ‘[I]n the solution process .. several aspects may be dealt with separately – sequentially or 

simultaneously – in different parts of the organization.’ (p. 200; italics added). 
•! ‘[W]e have invoked the principle of bounded rationality as an important force making for 

decentralization; but we have not made any use of the distinction between programmed and 
unprogrammed decision-making.’ (p. 232; italics added). 

 

We can now state Gandy’s four principles for the characterization of mechanisms to show 

that the Organization, particularly as described and developed in March & Simon (ibid), in 

activating the programmed part of its rational choice process, discovers, by calculating, using 

search heuristics, sequential and parallel processing digital computers, solutions to problems 

posed to it. Thus, Gandy’s Thesis M (op. cit., p.124; italics in the original): 

What can be calculated by a machine is computable.  

We would like to add that Gandy means, ‘machine computable’, in the sense of computable 

by a Turing Machine. In addition, it must be pointed out that the ‘machine’ Gandy envisaged, 

satisfying the four principles which we shall state, shortly, was a ‘discrete deterministic 

mechanical device’, entirely consistent with interpreting the programmed part of the 
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Organization in March & Simon in terms of discrete, deterministic, nonlinear dynamical 

system.  

 

Gandy’s Four Principles (pp. 129-141, Gandy, ibid): 
I.! The form of description: Any machine M can be described by giving a structural set of state-

descriptions, together with a structural function. Given an initial state of the device, its 
subsequent states can be iterated forward. 

II.! The Principle of the Boundedness of the Hierarchical States of the Computing Device. 
III.! The Principle of Unique Reassembly of the Structure and Function of the Computing Device, 

by means of the defining states. 
IV.! The Principle of Local Causality. 
 

A device or an Institution – like the programmed part of the Organization in March & Simon 

(ibid) – can be said to compute the same way as a Turing Machine does – but not only of 

number-theoretic functions; any set of symbols can be the input – sequentially and 

simultaneously (in a parallel fashion) – to the device. We can, then, state as a Lemma, 

analogous to Proposition 3.1 in Velupillai (op.cit): 

Lemma: 

The process of rational choice by an Organization is equivalent to the computing activity of a 
mechanical device and its mechanism satisfying Gandy’s four principles.  
 
Proof: 

By explicit construction (as in the proof of the analogous Proposition 3.1 in Velupillai, ibid). 

 
We come now to state what we consider the main – only – result of this paper, and an outline 

of its proof. 

Theorem 

Given a class of choice functions that do generate preference orderings (pick out the set of 
maximal alternatives) for any rational agent, or group of agents, there is no effective 
procedure to decide whether or not any arbitrary choice function is a member of the given 
class.  
 
Proof  
We can assume that the class of choice functions can be effectively encoded and, therefore, 
those choice functions that are rationalizable are also effectively encodable. Moreover, the 
class of choice functions considered is not necessarily countably infinite. In other words, we 
now have a subset of the class of Gandy devices, satisfying the four principles above, 
computing members from the class of all symbol sequences to evaluate truth values for 
(classes of) binary relations . But no nontrivial property of this subset of Gandy machines, i.e. 
the class of rationalizable choice functions, is effectively decidable. In particular, there is no 
effective procedure to decide whether or not any arbitrary given choice function is a member 
of the given rationalizable set.  
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Remark I: 

This is the technical reason for the programmed part of an Organization to work with 

boundedly rational agents/group of agents, satisfying, in their activities. 

 

Remark II: 

Thus, there is an inherent element of unpredictability, even in the activity of the programmed 

part of the Organization (this is quite separate from the uncertain consequences of the ctions 

of the nonprogrammed part of the Organization). 

 

Remark III: 

These two remarks, and the Theorem above, are the reasons why March & Simon able to 

state (ibid, p. 161; italics added): 
“What kinds of search and other problem-solving activity are needed to discover an adequate 
range of alternatives and consequences …  . In particular, finding the optimal alternative is a 
radically different problem from finding a satisfactory alternative.” 
 

Finally, we would like to point out that Simon, in particular, ‘tamed’ the uncomputable and 

undecidable results of the Lemma and Theorem (above), and their consequences as stated 

‘formally’ as the above three ‘Remarks’, by working inside a domain where Gödel’s 

Completeness result was valid for Propositional Logic20. We can add that this underpins the 

results in Newell & Simon (op. cit, part 3) and is the basis for the letter exchanges between 

Russell and Simon, of 1956/57 (see, Simon, 1996, pp. 207/9). 

 

§ 3. Conjectures and Concluding Notes 
“Up to this point we have invoked the principle of bounded rationality as an important force 
making for decentralization; but we have not made any use of the distinction between 
programmed and unprogrammed decision-making. ….. Whether prices are effective devices 
for decision-making has to be determined by examining [empirically] the equilibrium toward 
which they will lead the system ….  .’ 
March & Simon, 1993, p. 232; italics added. 

 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
20 We became aware of the framework and results in the important paper by Laita, et.al., (2007) after 
the first draft of this paper was completed. But we are heartened by the reinforcement their framework 
provides for our stance, on Simon’s approach to problem-solving and discoveries, via search 
processes underpinning the Heuristics of human decision-making. Indeed, the title of the first draft of 
this paper had the phrase Decidable Discoveries, to circumvent the undecidable result of the 
Theorem, above. In other words, we want to emphasise that Simon searched iteratively, often 
modifying what he called the task domain (of a division of the Organization), to make undecidabilities 
yield decidable results (see also Cohen, 1987, chapter 11 and  Franzén 2005, chapters 2 & 7). 
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These words, in the final pages of Organizations, by March & Simon, are about the 

feasibility of the empirical determination of the basin of attraction – using the standard 

terminology of formal dynamical systems theory – of effective prices, More importantly, 

from the point of view of Simon’s epistemology and methodology, it is about rules for the 

empirical determination of effective concepts that are relevant for the processes that an 

Organizations activates and initiates. Emphasising, as Simon did, the empirical testing of 

theoretical results was how we started this paper; it is, therefore, appropriate that our 

concluding section returns to this theme. 

 

We would like to conclude with two conjectures on issues that were central in Oragnizations; 

their size and the recursive (un)decidability of the deterministic, discrete, non-linear 

dynamics of the programmed part of an organization.  

 

Before we proceed with the conjectures, we should state that the recursive (un)decidability of 

the dynamics of the programmed part entails unpredictability of this entirely deterministic 

division of an organisation. In other words, the unpredictability of the evolutionary dynamics 

of an organization does not depend exclusively on the non-programmed part of the problem-

solving activities of an organization. 

 

As for the size of an organization, an observation of Simon’s view may well be appropriate 

here: 
“[O]rganization size and degree of integration, and the boundaries between organizations 
and markets, are determined by rather subtle forces.”  
Simon, 1991, p. 41; italics added. 

 

Search for a ‘computable’ definition of the size of an organization is like looking for an 

identifiable pattern to follow, in reassembling21 an evolutionary or changing jig-saw puzzle. 

To conjecture a resolution of this puzzle – knowing that Simon was fond of, and was an 

expert in, solving puzzles – begin with a ‘party problem’ version of what became Ramsey’s 

Theorem, which we conjecture should be the (changing) measure of the intractable size of an 

organization. 

 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
21 Recall the third of the four Gandy Principles, on the unique reassembly of the structure and function 
of a computing device, which we postulate an Organization of the March/Simon variety is. 
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How many people does one have to invite, to make sure that at least k people would all know 

each other, or at least l people would not all know each other? The answer, as Simon – a 

maestro of Chess and the Tower of Hanoi solution algorithms - would easily have calculated, 

in the case that k = 3, l = 3, is 6! 

 

The eponymous Ramsey, in trying to solve Hilbert’s Entscheidungsproblem – resolved by his 

young fellow King’s College, Cambridge, member, Alan Turing, just half-a-decade after 

Ramsey’s untimely death at the age of 30 – stated what has become famous as the Ramsey 

Theorem (adapted for application to define the size of an Organization of the March/Simon-

type – see Ramsey, 1930 and Soifer (ed.), 2011, for formal definitions): 

An Organization, by definition, has a finite number of members – either individual or 
as members of a finite number of groups, say each group defining a division of the 
Organization. Denote this finite set by A, say. Suppose we take a subset, of say k 
elements of A and call it B, (members of B are labelled in any form). Partition this 
subset of the original finite set into a (finite) class, say Ci, i = 1, 2, …. , m, such that 
each member of the partition has an equal, finite, number of members as the total 
number in the original set, A. Now make sure that every subset of the original set of 
members A, containing as many members as each Ci, for all i = 1, 2, …., m, is a 
member of one, and only one Ci, for all i = 1, 2, …., m. Suppose there is a subset of 
members, say H, such that every k-element subset of the original set A, which is made 
up of elements of H, is a member of, say, Ck. Then a notion of the structure of the 
original Organizations is preserved under the finite partition, A.22 

 

Conjecture 1: Definition of Size of a given Organization 

k is the size of the given organization. 

 

Two remarks, regarding this conjecture, are in order. Firstly, as the Organization evolves, or 

changes, due to mergers or internal reorganisation, or new recruitments due to ‘expansion’ 

(not evolution), then the measure of its size changes. Thus, as March & Simon repeatedly 

emphasise in their classic, some relative stability of the function and structure of the given 

organization must be a prerequisite for any kind of coherent analysis. 

 

Secondly, one of us has conjectured that there is a duality relation between the Busy Beaver’s 

noncomputable activity and the apparently intractable measure k, when it is ‘large’ – even as 

low as greater than only 5. But the noncomputability of the Busy Beaver is relative to the 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
22 Endowing the set H with a recursive structure, as in Jockush (1972), makes our conjecture 
compatible with Gandy’s notion of Mechanisms. 
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Church-Turing Thesis and does not take into account the kind of parallel processing that a 

Gandy Mechanisms is capable of, when computing. Therefore, it is possible to wonder 

whether Simon may not use the structured search processes determining his use of Heuristics 

to solve problems, to find a way to ‘tame’ the intractable behaviour of the Busy Beavers; in 

this case, k will also become ‘tamed’!23 

 

Finally, we have observed, after years of study of Simon’s many-splendoured research 

contributions, that he has exploited to the extent possible, the power of linear continuous, and 

discrete, dynamics of systems of any finite order. His starting point, though, seems to have 

been the nature and structure of computer programs.  

 

Suppose, we ‘go’ the ‘other way’ (see also Bartlett, 1990 and Tong & Lim, 1980) – i.e., start 

from dynamical systems that are discrete, deterministic – as all computer programs are – and 

non-linear. Suppose these systems are given initial values to start their dynamics. Is it 

possible to ask whether the basins of attraction of the limit-sets of these dynamical systems 

are algorithmically determinate? The well-known answer to this question is in the negative. 

Faced with such a negative solution, we conjecture that Simon would have considered it a 

challenge to make this undecidable answer decidable. This is the contrary to the way he 

defined bounded rationality and satisficing – but in this case, too, his search for a heuristic 

that would answer in a finite time, and in a determinate way – even if intractable time and 

space. 

We conclude, therefore, with our second conjecture. 

 

Conjecture 2: On the Undecidable Dynamics of the Evolution of an Organization 
The programmed part of a given Organization’s dynamics has Algorithmically Undecidable 
basins of attraction. 

  

Herbert Simon, with or without the intellectual assistance of James March (or Allan Newell – 

or any of the other more than six dozen collaborators), would have tried his very best, as the 

Scientist who is a Problem Solver, using the structured search processes of Heuristics, would 

have tried his best to make the issue one of algorithmic decidability. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
23 Incidentally, we are surprised that the Clay Millennium Problems (see Carlosn, et. al., 2006) do not 
include anything about Ramsey Theory (or the Busy Beaver – although they do make the P 	  NP 
issue one of those celebrated problems).  
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