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a b s t r a c t

A newmodel of collusions in an organization is proposed. Each actor ai=1,...,N disposes one
unique good gi=1,...,N . Each actor ai has also a list of other goodswhichhe/she needs, in order
from desired most to those desired less. Finally, each actor ai has also a list of other actors,
initially ordered at random. The order in the last list means the order of the access of the
actors to the good gi. A pair after a pair of actors tries tomake a transaction. This transaction
is possible if each of two actors can be shifted upwards in the list of actors possessed by the
partner. Our numerical results indicate, that the average time of evolution scales with the
number N of actors approximately as N2.9. For each actor, we calculate the Kendall’s rank
correlation between the order of desired goods and actor’s place at the lists of the good’s
possessors. We also calculate individual utility functions ηi, where goods are weighted
according to how strongly they are desired by an actor ai, and how easily they can be
accessed by ai. Although the individual utility functions can increase or decrease in the time
course, its value averaged over actors and independent simulations does increase in time.
This means that the system of collusions is profitable for the members of the organization.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

An ambitious and careful program of social research on organizations, known as Strategic Analysis (SA), has been framed
nearly 40 years ago by Crozier and Friedberg [1]. The key idea of SA is that the structure and activity in organizations are
shaped by the relations of power. Further, an actor is autonomous, hence her/his behaviour is uncertain and this uncertainty
is an ingredient part of the actor’s power over other actors. Further, each organization is contingent; it comes out as an
artificial construct to solve a given problem. Therefore any theory which tries to derive a characteristics of an organization
from ‘natural’ conditions is doomed to failure. These frames make SA applicable to qualitative discussions of specific case
studies as of Airbus [2], Lidl [3], or selected (unnamed) universities [4], but particularly difficult to be translated into terms
of a formal model of some generality. Also, any such translation contains elements which are necessarily arbitrary.

Yet, only recently the task has been undertaken in a few directions. Particular configurations of the relations of power
in an organization (principal, supervisor, actor) have been investigated by Vafaï [5–7], who analysed couplings between
different kinds of collusions in terms of mathematical theorems. The approach by Sibertin-Blanc and coworkers [8–10]
develops the frames of SA in a consistent and methodical way. In this approach, each actor controls some relations which
other actors can profit by. Also, each actor distributes his own stakes over the relations he/she can profit by. As an outcome of
this game, played by all actors simultaneously, they get their capacities, which depend on both the relations and the stakes.
In Ref. [10], the algorithm – termed as SocLab – is applied to the case of management of floods of the Touch river in France.
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The aimhere is to analyse in detail one particular aspect of SA, i.e. binary collusions. By a collusionwemean, after Ref. [11],
secret agreement or cooperation especially for an illegal or deceitful purpose. We are not interested, however, in specifying to
what extent the collusions to be simulated are illegal or even deceitful. We are going to concentrate on the process of
establishing a hierarchy in an organization. Similarly to the papers reported above, our motivation is to refer to the frames
of SA, as described by Crozier and Friedberg [1]. Yet, it seems to us that the process of setting of hierarchies (ST) is at least
as close to SA as the algorithm SocLab [10]. In particular:

• as stated in Ref. [1], there are always some relations of power in an organization; a simulation of ST should reproduce
their dynamics;

• as stated in Ref. [1], an organization itself is a social construct; so is the hierarchy, constructed individually by each actor;
• the actors are of limited rationality and limited information; therefore they do not plan their behaviour in long time scale,

just – as also stated in Ref. [1] – catch occasions;
• for the same reason, actors can neither predict nor control the behaviours of other actors, as thosemaintain their spheres

of uncertainty. A successful cooperation with one actor does not preclude its future breaking for the sake of a more
profitable cooperation with another actor;

• a game composed of binary subgames seems more realistic than a collective reorientation of relations, with perfect
information available immediately for all actors.

Last but not least, as it will be shown below, the only parameter of our model is the number of actors. Obviously, our
approach is rather explanatory than predictive. Yet it seems to us worthwhile to try to understand a selected process of SA,
even if its description remains separated from particular case studies.

Our scenario is as follows. In a set of actors, each actor disposes some kind of resources. Also, each actor needs resources
of all other kinds, with his/her individual order of needs. Finally, each actor has a list of all other actors, with their hierarchy
equivalent to their order in the list. Once two actors simultaneously find that it would be profitable to be advanced in the
hierarchy of the other actor, they shift each other upwards by one position. Then, the lists of hierarchies are the only elements
which evolve.

In Section 2, our algorithm is explained in detail. Section 3 presents results of computer simulations. Finally, Section 4
contains discussion of the results and conclusions.

2. Model

Let A = {a1, . . . , aN} and G = {g1, . . . , gN} denote sets of N actors and N goods, respectively. Every actor i possess single
and unique good gi ∈ G. Every actor i desires all other (N − 1) goods in a given order

ξ⃗i = P (Gi), (1)

where P (Gi) is a random permutation of set Gi = G \ {gi}. A sequence ξ⃗i do not change during simulation. Every actor i
orders sequentially all other (N − 1) actors. This order is represented as a sequence ζ⃗ t

i which may evolve during time t .
Initially, the list ζ⃗ 0

i is chosen randomly, i.e.

ζ⃗ 0
i = P (Ai), (2)

where P (Ai) stands for a random permutation of set Ai = A \ {ai}.
In each time step t a pair (am, an) of actors is selected randomly. Let km denotes position of actor am in the list ζ⃗ t−1

n and
kn denotes position of actor an in the list ζ⃗ t−1

m . If simultaneously, item (km − 1) on the list ζ⃗ t−1
n and item (kn − 1) on the list

ζ⃗ t−1
m represent actors which have goods considered by actors am and an as less valuable than goods of actors in positions km
and kn, then transaction takes place. During transaction actors in positions (km − 1) and km on the list ζ⃗ t

n are swapped. The
same procedure is realized on the ζ⃗ t

m list, i.e. actors in positions (kn − 1) and kn are swapped as well. We call promoted and
demoted actors ‘winners’ and ‘losers’ of the transactions, respectively.

The results are averaged over M independent simulations, i.e. various sequences of (g1, g2, . . . , gN), various hierarchies
of actors goods ξ⃗i (i = 1, . . . ,N) (Eq. (1)) and various initial sequences ζ⃗ 0

i (Eq. (2)).

2.1. An example of model rules application

To illustrate the model’s rules let us consider a group of N = 6 actors with their goods gi, hierarchy of goods ξ⃗i and initial
hierarchy of actors ζ⃗ 0

i :
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