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Abstrakt
Disert&ni prace usiluje o modelovani systému mezindrodniztahi. Zakladni
vyzkumni otazka se snaZzi zjistit jakéstedky pro Usgch jednotlivych strategii a pro
kooperaci samotnou majizna nastaveni profnnych a vlastnosti systému jako takové.
Prace obsahuje dwrvky charakteristické pro mezinarodni vztahy,tar& nemozno
najit v jinych modelech: (i) determinace vyskytteirakci pomoci vzdélenosti a sily; a
(i) vznik (ne)divéry na zaklad piedchozich interakci. Model stoji ngec¢h pilich:
agentech, prosdi a pravidlech. Hté se nachazeji v Hobbesovském predt \&ziova
dilematu tak jak je chapano realisty. &ma vyplat reprezentujici vnik (nehery vSak
umoziuje formalizaci teze konstruktivisto miznych podobach anarchie a o vzajémn
konstitutivnim vztahu struktury a aktééMultiagentni poitacové simulace jako metoda
zasazena do ramce abduktivniho uvaZzovani a slokéigieneraci dat se stala nutnou
vzhledem k chy§ici raznorodosti empirickych informaci a nemozZnosti ekpenti
v realnim swté. Zdrojovy kéd napsén v jazyce C# obsahuje 62 egjifatpouZzitych
Axelrodem, ke kterym jsemftiplal nékolik dalSich potenciath asgSnych pravidel
spole&n¢ se temi novymi strategiemi odpovidajicinéamému chovani stét S cilem
dosdhnou robustnosti vysladlbyla aplikace B riaznych nastavenich {etrg arovns
nejistoty a rychlosti zgny vyplat) spousha opakovativzdy s 10 000 iteracemi.

Co se tye strukturalnich vlastnosti systému, ani moc adalenost newli vliv
na usgch strategii. Vyrazni dopad &a jedine zména vyplat. Na Grovni aktérse
prokazal silny vztah mezi pmérnym pdtem vzajems kooperativnich interakci a
celkovymi zisky. VSech @ nejusgsrejSich strategii bylo vysoce velkorysych. Tyto
vitézné pravidla pak dosahli nejvysSich vyplat i v kohltich simulacich, kde &
ostatni akt® nahodr pridélené pravédpodobnosti spoluprace po kazdém &gi
moznych vysledk véziova dilematu. Nova strategie rovnovahy hrozeb \Badkzila
s velkym pedstihem. Rmérnd Urové spoluprace tu uZz nekorelovala s celkovymi
zisky, no kooperujici hea k soke stale dokazali najit cestu. Tyto vysledky tak ukaz
Ze vlastnosti systému vedou politické aktéry ke pavativnimu jednani. Usilujic o
dosazeni nejlepSiho vy&leni, za pedpokladu spravnosti daného modelu se zda, ze
velkorysé spoluprace neni jen pomijivym nahodnynofeénem. Rovnovaha hrozeb se
ukazuje jako nejlepSi Agob jakcelit heterogennimu prastdi a piciny valky by se

spiSe nili hledat na Urovni interakci mezi staty. Véalkaydddy neni diky systému.

Kli ¢ova slova:Véziovo dilema, multiagentni simulace, konstruktivismusdalenost,
moc, spoluprace, rovnovaha hrozeb



Abstract

The thesis models interactions in the system déstdFundamental research question
asked what consequences for success of strategesp@spects of cooperative
behavior have particular settings and propertieshef system. Thesis includes two
features peculiar to international relations thdtribt appear anywhere else before: (i)
determination of interaction occurrence with help distance and power; and (ii)
emergence of (dis)trust out of the previous intéoas. The model is based on three
elements: agents, environment, and rules. Plaggsacted in the Hobbesian Prisoner’s
Dilemma environment as described by realists, bahks to payoff shift representing
emergence of (dis)trust | also formalized consivigttargument of different cultures of
anarchy and of mutually constitutive agent-struetiglationship. Multi-agent computer
simulations set within the abductive reasoning frauork were chosen because lack of
heterogeneous enough data and impossibility ofraxpats made this data generating
method a necessity. The source code is written #n ICtranslated 62 Axelrod’s
behavioral rules and then added several others gbamed promising. Three new
strategies mirroring usual behavior of states vpeoposed too. To secure robustness of
the results, application was run hundreds of timeder different settings (including
variable uncertainty and shift speed) and alway4@000 iterations.

As regards structural variables, neither power distance changed overall
ranking of strategies. It was only payoff shiftttidelded significant influence. Strong
relationship at the level of actors appeared batwmerall gains received and average
number of mutual cooperations. All five most sustgisrules were highly generous.
These victorious strategies achieved the highegbffsaeven in control simulations,
where other actors had randomly assigned cooparatiobability after four possible
outcomes of the game. But the new balance of thsategy surprisingly won by a
large margin. Average level of cooperativeness m@songer correlated with overall
gains here, but cooperators still found their wayeach other. To sum it up, it seems
that properties of the system lead political actowards cooperative behavior. Using
inference to the best explanation, if the modeigkt, then generous cooperation is not
a passing occasional phenomenon, balancing adhmesits is the best way how to cope
with heterogeneous environment, and for causesaofame should rather look at the

level of states’ interactions. Simply, the war ¢t here because of the system.

Keywords: Prisoner’'s Dilemma, Multi-Agent Simulations, Consitivism, Distance,
Power, Cooperation, Balance of Threat
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1. Introduction

After promising beginning in the early 80s, gamesettetic research program dealing
with evolution of cooperation in the internatiomalations remains virtually stagnant
since the very end of the 90s onwards. Reasonalawadant. From the increasing
prevalence of constructivism after the end of tlwddGvar, to the relative gains dead
end of the debate between rationalist theories. é¥ew it was also the inability to
properly and realistically formalize key featurefstioe international relations system
that caused gradual decrease of interest in magéii@ emergence of cooperation. Of
course, formal models, game theory, and mathematiesanything but absent in
(American) political science and in the field ofamational relations in particular. If we
consider the huge impact of game theory on sucérsivareas of human knowledge as
economics, political science, anthropology, biologgd sociology, then the hopes that
game theory raised as a potential bridge betwesaugdisciplines must have at least
some plausibility. But that doesn’t say much abiat extent to which the computer
simulations are associated with formal models bwilth help of game theory.

To begin with, for reasons of clarity | must clgadistinguish complex systems,
agent-based models, and multi-agent simulationffef@nces between them are not
settled even in the scholarly literature so you easily find expressions like complexity
theory, agent-based simulations, or multi-agentesys. From now on | will, however,
use complex systemsnly as a description of real world phenomeagent-based
modelsas their theoretical simplifications, antulti-agent simulationas a method of
data acquisition. Agent-based models and relatet-agent computer simulations are
widely used in natural as well as social sciendé®y enable us to better understand
and/or improve the functioning of anything from #ffic to human social networks.
When connected with game theory, they serve asveenbal tool for solving such
complicated problems as that of human cooperatichespread of particular genes in
animal populations. Thus there is no wonder thahrapology and evolutionary
biology are leading fields in the research conagrmith application of game theory
upon complex systems via computer simulations.

My goal in this thesis, however, is to show thampater simulations, game
theory, and especially agent-based modeling of ¢exngystems are some of the most
promising venues, where the scientific attentioousth be directed in political science.
This being especially so if we try to understand thnctioning of the international

relations system and to link the insights from afiént theories. The system we are



concerned here with is a perfect example of complestem as | will show later in the
thesis, and agent-based modeling not only takearddge of rationalist individualism,
but also shares many common points with constrsatiwhile simultaneously trying to
bridge the quantitative-qualitative division in tetlology.

When studying interactions of states scholars ddrdve empirical data
comparable in any meaningful way with those of pitieciplines. While natural laws
follow the same path for billions of years and &lle empirical evidence of how
human societies worked goes for thousands and dhdssyears back, international
relations system as we know it is not older tham Feindred years. There are usually
thousands of individual members of any particufgcées and you can pick up any of
the numerous human societies and then compare #wemwholes if necessary or
potentially promising. But there are just about 28fvereign states (much fewer
previously) and they constitute only the single @ystem of international relations.
Even if we consider the last 5 thousand years ahdm political history, so not
restricting ourselves to the present system of reige states, data would not improve
very much. Besides obligatory references to Thuissliand maybe few other writers,
statesmen, or events, there are not many infereadoest international politics drawn
from distant past that could not be drawn in theesavay from history of Europe in the
17" century. Possibility to generalize from isolatéatss, or system(s) of states, before
the Age of Discoveries upon the closed world ofent international relations system is
similarly doubtful. At the same time the systentlsarly changing despite its relatively
short history, and it is not only the consequenédgechnology. Individual actors
cooperate much more than in the past. In ordexptaa any changes in the system, we
must either imply from the few data we have (whigled not to be necessarily a wrong
choice) or we need to acquire data in some othgr wa

Agent-based modeling of the complex systems likat tof international
relations, where agents are supposed to be swuids, the task of generating data
perfectly. It would enable us to examine the conseges that given environment
constructed in order to mirror properties of theeinational system would have upon
interactions of actors (states). That is the redsonusing the method of computer
simulation. Namely, acquiring sufficient data tlembpirical world is unable to supply
because of impossibility of experiments, small nemtif states, N = 1 problem related
to the number of alternative systems, and relatiliglited time span of available data.

For example, if | had intended to inquire into taeises of war, | could have easily used



some statistical data on occurrence of conflicfserfall, wars are plentiful. But this is
not the case if the goal is to inquire into the sEuences of the system. War might
simply be just one such consequence among manyscdne possibly even only under
some specific circumstances. We cannot know whethigrso unless we examine the
system. If one tries to test the claim that ithe systemic level that must be looked at
for the causes of war, then it is basically unaabld to model the system, isolate key
variables, and use all possible combinations dcipaters. | tried to do precisely that.

However, before accepting the data and proceettingpeir analysis we first
need to construct a convincing model of the intkomal relations system. This seems
to be the greatest challenge. Not only that proptmef rationalist theories understand
the system differently than let's say constructsji$ut even understanding within these
broad groups can differ a lot. Theoretical singlieaadness with respect to model
construction risks rejection from proponents of peting theory and/or accusation of
dogmatism. Combining insights from various theorms the other hand hinders
examining of any theory individually and almost te@ly invites the label of
eclecticism. Yet since modeling enterprise is nbeauty contest of available theories,
it appears to me more important to balance outiparsy with sufficient attention to
details, rather than paying too much attentionhieotetical purity. Model should be
both intuitively realistic in nature (thus not olkmking some significant feature of the
system), and it should also stay faithful to thellskeown modeling principle of
keeping it simple.

I will hopefully fulfill these criteria in my thesi The model is based on three
elements (agents, environment, and rules) thaslaeed by both agent-based models,
and constructivist theory. Anarchic environmenttad international relations system is
understood in realist terms of Hobbesian stateatdine, in which interactions of states
correspond to game-theoretic concept known as tlserier's Dilemma. At the same
time |, nevertheless, recognize the fact that mepgiven to anarchy can vary. After
all, we can see some difference when we compaatiors of the Great Britain and the
United States on the one hand, and Israel andadmathe other. Or to stay within the
realm of broadly defined Central Europe, it is ti same story when one talks about
relations between let's say Serbia and Croatiaaltarnatively between Serbia and
Slovakia. Prevailing uncertainty about other astdiiture behavior can shift either
towards close friendship or fierce enmity. | endbEmergence of (dis)trust among

states in form of reward shift based upon previoisractions, and thus in a way
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formalized the constructivist argument of mutuabnstitutive relation of structure and
agents. Moreover, states that are closer to eder oh the square lattice and also those
more powerful ones interact repeatedly with higheybability. That ought to mirror
spatial and power-based character of the worldip®liOr do you think that Saint Kitts
and Nevis can have any interests in having an esgbasSlovakia?

With respect to individual players, it is possilbdeformalize gradual transition
between two common options in the Prisoner’s Dilembut | restrict available choices
of states to simple cooperation and defection. Wingng to achieve heterogeneity of
players’ behavioral rules in their pairwise repdatgeractions, | reached for Axelrod’s
62 strategies used in his second tournament. Feer atiles successful in different
models were added as well together with three ceralyl new strategies designed
according to common behavior of states in the i@gonal relations system (balancing
against threats, bandwagoning, and balancing agpowger). Finally, no learning, no
strategy drift, no ecological or evolutionary megisan was included in the model, but |
added both kinds of noise instead. Unlike in biglay among humans, presence of
progress in international relations is dubious,s&y the least, while uncertainty is
omnipresent. | believe this combination of paramseteight be a fair compromise that
satisfies the need for simplicity while keeping thedel realistic enough.

But what is the point of such a research, if Asdlhad already shown the
possibility of cooperation among egoists? Addedu@adf this thesis will be first and
foremost the fact that | model the system. Axeldidh't run his tournament with the
specific idea of international relations systemmimd. His findings were only later
applied upon anarchical environment of sovereigitestand some of his assumptions
were thus criticized as unrealistic. Furthermoresreif simulations that followed after
Axelrod’s pioneering tournaments included seveedtdres present also in my thesis,
their combination in this model is unique. Whaei&n more important is the fact that
at least two things peculiar to functioning of mmational relations have to my best
knowledge not appeared anywhere else in a sinalan.fThese are (i) determination of
interaction occurrence with help of distance andvgroposition of actors, and (ii)
emergence of (dis)trust that formalizes mutualuefice of agents and structure via
reward payoff shift. Added value of the model iscalrepresented by its effort to
examine validity and robustness of Axelrod’s resulthich is made possible by using
the original set of 62 strategies. Last but nastean attempt to reconcile constructivism

with rationalism via agent-based modeling merit$aie attention probably on its own.
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In order to analyze and correctly interpret bebavof states and their
interactions we need to better understand how yhte of states works. Yet we can
see everyday that states do actually cooperate guth@mselves so what new can the
model bring about? The thing we don’t know is wieetbooperative behavior is merely
one of many potentially prosperous paths of belawioif it is the most successful one
from all other possible. Is the cooperation in l@th Atlantic region only a matter of
chance, or naturally occurring phenomenon? Theclrasearch question therefore asks,
if properties of the international system enable #ecilitate success of cooperative
behavior, or alternatively if such a success i$ gusnatter of chance? Simply stated,
what is the best way how to face anarchy? If it@a@peration, then what kinds of
cooperative strategies are the most successfullager what conditions? Is it better to
disregard occasional lies of communist North Kogarather to retaliate immediately?
And does it depend upon particular contexts? | afrthmt much concerned about who
precisely will win the simulations, as with theussif top scoring rules will be ready to
defect first (i.e. if they are nice or mean). Thmight be generous and thus willing to
return more cooperation than received, or unfongj\and thus not willing to cooperate
again after opponent’'s defection. There are prdviecastrategies that retaliate
immediately and others that are slow to reply. €he® the basic questions | would like
to find answers to in this thesis.

Except for introduction and conclusion, the textdivided into four chapters.
The following one offers a review of literature emolution of cooperation by direct
reciprocity mechanism in the two persons PrisonBilsmma game. It is subdivided
into the first part dealing with mathematical arsidyand the second one devoted to
various agent-based models. After that comes thme cbapter describing the whole
model of the international relations system in @dfally accessible manner. Its three
subchapters deal with agents, environment, andiyfinales that represent connection
between the former two elements. Third chapter padgse attention to abductively
oriented methodology and the way how individuadtgigies and variables of the model
were operationalized in the source code. This @naptin later parts rather technical
and can be harder to grasp for readers unfamilir @# or Fortran. Finally the fourth
chapter presents results of simulations and thesicbstatistical analysis. All data as

well as the source code of the program can be foandVDs attached to the thesis.
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2. Review of Literature

The Prisoner’s Dilemma became in the second hathef2d" century a common tool
for analyzing many social situations, in which widually rational behavior led to
collectively suboptimal outcomes. This happenea difmnks to successful spread of
game theory from economics to other (not only) alosciences. In the field of
international relations this non-cooperative garfieroserves as a metaphor describing
arms races, or the security dilemma itself in aaramc environment, where self-help of
states prevails (see Brams - Davis - Straffin, 1%%der, 1971; Jervis, 1982; Taylor,
1987). Usually it is accompanied by a short stdrgud two suspects detained because
of the burglary. They are interrogated, but theiggohave enough evidence for the
prosecutor and the court only to sentence them fome minor charges. Thus they are
offered separately the following proposal: “If yoanfess to the burglary, | can spend a
few words in your behalf in front of the judge, tbat you would get lower sentence for
helping us to solve this case, and you would gettloel prison really soon. But if you
don't confess, | have still enough evidence to sgmd to the prison for several years
for minor charges. Try to think about that.” Nallyaboth suspects confess and they
suffer many years of solitary confinement sinceone can claim the credit on its own
for helping the police to solve the case.

The logic of this situation can be representednayfollowing figure, where two
players can choose between cooperation (C) andta@igD) giving thus rise to four
possible end states (2x2) with attached payoffes€hare temptation (T) for unilateral
defections, reward (R) for mutual cooperation, paoment (P) for mutual defection, and

being sucker (S) for unilateral cooperation.

Player B
% Cooperate Defect
o)
Q.
<3 R, R S, T
B O ) )
>
T =
o @ T,S P,P
©
)

Figure 1: Payoff matrix

For game to be considered as an example of therferis Dilemma, its payoffs must be
ordered in the following manner: T > R > P > S. Blrer, in order to secure that

mutual cooperation is really collectively optimablion and thus better than
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alternating unilateral cooperation and defectioms also necessary that 2R > T + S. In
any game that fulfills these conditions, it is beffor both actors individually to defect
irrespective of other player’s decision.

Real world examples of a decision between high kovd tariff levels, or
between increasing arms spending and its altemafidisarmament, correspond to this
logic. Individually rational behavior (arming), hewer, leads to the Pareto suboptimal
payoff as a result of mutual defection (arms raad)jch is the only Nash equilibrium of
the game. That means that even though no playeingarove its own position and
therefore increase the payoff received by simplgnging only its own decision (Nash
equilibrium), there still exists another outcomattban make at least one player better
off without decreasing the payoff of another (Paueficiency). The dilemma then rests
in the fact that there is another collectively mpremising outcome, that of mutual
cooperation, which can provide higher payoffs fothbplayers. “Whenever you observe
individuals in a conflict that hurts all of themopuwr first thought should be of the
Prisoner's Dilemma” (Rasmussen, 1989: 29). Questiohow to get to that outcome,
and thus how to achieve corresponding payoff,askéty problem of this chapter.

Enormous spread of game theory and wide applitatb the Prisoner's
Dilemma caused huge number of articles and othbliqations from various fields of
study dealing with the problem of cooperation. Gidsal of them is, nevertheless, not
older than 30 years since the whole research progrdact began only after influential
articles by Robert Axelrod (1980a, 1980b) in whiwhoffered results of two computer
tournaments of many different strategies compadtirthe repeated Prisoner’s Dilemma.
Not much of the literature published before the @9& relevant with respect to the
later development of the research program (exceptimclude Trivers, 1971 and
Maynard Smith — Price, 1973). Yet the problem afperation emergence and of multi-
agent simulations as a research method dealing agént-based models of complex
systems gave rise to several special issues arelwenticles during the last 30 years.
Besides usual review articles summarizing spepiicods of intense research (Axelrod
— Dion, 1988; Hoffmann, 2000; Gotts — Polhill — Law, 20@8)e can also find many
studies focused on specific fields like sociolotyaty — Willer, 2002), anthropology
(Fehr — Fischbacher, 2003), or biology (Doebeliaugtt, 2005).

One of the effects of wide interest in the Priseh@&ilemma and resulting
overlap of individual disciplines is that many soes referred to in this review of

literature are not primarily concerned with intefamal relations. This tendency is
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further strengthened by the fact that the emphasigesearch on evolution of

cooperation in the Prisoner's Dilemma has shifteainf political science towards

biology and anthropology. Although the researchgpmmm as such was actually
launched by political scientist Robert Axelrod, thed of the era of strong interest in
this problem within the political science is markedthe article that won Heinz Eulau
Award in late 1990s (Bendor - Swistak, 1997). lattipaper authors summed up,
clarified, and basically also solved the whole delabout various kinds of stability in

non-cooperative games. The second effect of rapdth of literature on the topic of

Prisoner’s Dilemma is the need to limit the scopd mcrease the focus of any future
review. | tried to set those limits in this chaptersuch a way that they will include

everything that is useful and practical from thieinational relations point of view.

For example we know several alternative mechanisha can lead to
emergence and stabilization of (mutual) coopera(ddowak, 2006), but only few of
them are applicable upon interactions of stateis.d€lection as a mechanism explaining
cooperation is of no use for us and similarly floe indirect reciprocity that requires
reputation in order to determine who is willing dooperate with whom. Not that the
reputation had no place in international relatio@ the contrary, under certain
circumstances it can even facilitate emergenceoofeskind of social norms. But the
necessary assumptions of indirect reciprocity thate are no repetitions of interactions
and that states with their leaders expect costegperation to be returned not by those
they cooperated with, but by some other third paatg not exactly part of the most
easily generalizable image of reality.

The case of group selection is not very differémtcording to this mechanism
players should altruistically sacrifice part of ithewn gains in order to enhance the
ability of group to survive when compared with atlgoups. While at the higher
(between groups) level this is clearly an exampleampetition among groups, at the
lower (within group) level of this mechanism we aeesically speaking aboubllective
action problem in the Prisoner’s Dilemma with more thapl&yers, where free riders
outcompete altruists. At the first sight it seerattthis mechanism might have been
able to explain origin, functioning and competitioh alliances of states. But before
speaking of the group selection, we must first prdvat competing groups/alliances
embody different cultures and different functioningnd that these represent
(dis)advantage in comparison with competition.Idbanust be shown that formation or

at least continuation of alliance is more than pusesult of self-interested behavior of
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its members. As one of the few suitable examplesavethink of is the North Atlantic
Treaty Organization after the Cold War but everehemy competition from the other
groups is absent. To explain the Cold War itselfcae, furthermore, reach for much
simpler theories than is the group selection. Besithat, security dilemma at the level
of binary interactions better represents intermaiosecurity environment than the
metaphors of collective action or common goods.

Remaining mechanisms of direct and network reciproare therefore best
suited for application upon interactions of statBsawback of the reciprocity in
structured environment (network), where differeriyprs interact together with
different frequencies, is that research is usuatijted to actors with zero memory and
interactions with only immediately neighboring péay. This in fact corresponds to the
single round Prisoner’s Dilemma in rather isolatieagmented environment. Only very
few international encounters (if any) can be désctias this kind of the Prisoner’s
Dilemma game. And it is only the structure or rathetworked character of interactions
that makes cooperation possible. At the same tivea ¢he results of simulations that
operationalize models based on direct reciprocgiyethd in great extent upon the way
interactions are structured. Thus it is hard toadje separate the question of who
interacts with whom, from the question concerning mechanism that stands behind
the emergence of cooperation. From what was mesdi@bove it should now be at
least partially clear, in what direction would tineview of literature proceed.

This chapter tries to offer review of relevant fire on emergence and
sustaining of cooperation in the Prisoner's DilemBit since | am concerned with
elementary level of relations among states withl¢last possible number of additional
assumptions, the primary goal of this review oérhtture is thus the summary of
findings concerned with solving of two-player refgehPrisoner’'s Dilemma via direct
reciprocity mechanism. It is important here to nednihat the period of intense interest
in direct reciprocity is approximately identicaltivithe period when political science
dominated the research program on evolution of emdwn. By the ‘summary of
findings’ | more precisely mean emergence and litakion of cooperation, under what
conditions can that happen, and what strategieseeahto it. | will deal with the single-
shot Prisoner's Dilemma only marginally and eveenttonly in case of being it
important for understanding of the context. The esdmlds also for other mechanisms
of the evolution of cooperation. All the models miened in this review assume large

number of players. Thus when | speak of two-peBosoner’s Dilemma, | mean that
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every player of that large number interacts initallbinary interactions with only one
other actor. The other way would be the alreadytioeed collective action problem.
Two basic ways of solving the Prisoner’s Dilemmalem determines also the
structure of this chapter. Even if the complexitynmany agent-based models usually
severely limits the application of mathematical lgsia, deductive reasoning provided
various interesting results | would like to takéoak at in the following subchapter.
Attention there is mostly dedicated to differentlarstandings of stability of strategies
in the Prisoner’'s Dilemma. Rest of the chapterasated to the results obtained by
multi-agent simulations. These are influenced byesd factors, most important of
which are structure of interactions, modificatiafigpayoff matrix, and noise both as an
improper implementation of own decisions as welln@sinterpretation of opponent’s
behavior. The chapter is structured accordingly.nather factors influencing
prospects of cooperation in the Prisoner's Dilemueserve our attention, but their
usefulness for any model of the international refest system is negligible. And this

chapter should serve precisely as an aid for aeyngitt to model interactions of states.

2.1. Results of Mathematical Analysis

Because of almost complete lack of game theory adut and mathematical methods
training (except for statistics) at the univerdéyel studies of political science, but also
because of my own repeated inability to grasp ni&tgr evidently trivial) proofs and
calculations, it is useful to recommend at leastesof the books one can use in order to
get familiar with basic concepts, solutions andofsoof the game theory. One of the
best is stillGame Theory for Political Scientisfislorrow, 1994) also thanks to its focus
on non-cooperative games. Another suitable booktlmse interested in political
science islsame Theory and Political Theory: An Introducti@rdeshook, 1986). Last
but not least, Varoufakis with Hargreaves Heap 42@00k a look at game theory from
more critical point of view trying to set it intbé broader context of social sciences.

As mentioned earlier, in the single-shot Prisam&ilemma defection is the only
rational solution. Thanks tbackward inductiorandcommon knowledge of rationality
the same holds also for finite number of iteratioBackward induction says that
knowing how the last round will eventually turn paefection becomes the choice
maximizing individual utility of both players alda the penultimate iteration. Going
backward we then reach the very first round showiirag defection is the only rational

behavior even in the finitely repeated Prisonerlemma. This does not hold, if one or
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both of the actors are not sure about the oppameationality. Simply if we cannot be

sure about the common knowledge of rationality,chassumes that | know that the
opponent knows that | know that (s)he knows thatdw etc. ad infinitum that we are

both rational, then cooperation is possible everthem game with finite number of

repetitions (Kreps — Milgrom — Roberts — Wilson82%

Situation is completely different, if player dokhow the number of iterations.
This is usually formalized via so callgliscount factor(w) that can be understood also
as a probability of occurrence of the next roundntéractions. Even though common
interpretation in economics does not necessarilgteediscounting to any future
probabilities, because delayed consumption autcaibti assumes lower utility
compared to the immediate one, in the agent-basedklng it commonly gets this
particular additional meaning. Discount factor'sues range from 0 to 1, and the closer
it is to the latter, the longer is tlehadow of the futurer the prospects of extended
encounters. In other words, higher discount factoesns higher probability of next
round as well as greater importance of future payof

With a sufficiently highw defection ceases to be the best strategy and dlsus,
Axelrod proved (1981: 309), there is no unbeatabigtegy. Under notion of unbeatable
strategy one should understand here such a raettiare is no other strategy able to
get higher payoff while interacting with any conadle opponent. By simple
adjustment of several infinite geometric series comes at the conclusion thatwf>
(T - R)/(T - P), then neither nice (i.e. one thaver defects first) nor mean strategy can
be unbeatable. And even if the non-existence of hbst strategy seems to be a
pessimistic conclusion, in fact it represents apootunity for cooperation since in the
single-shot game the unbeatable strategy was &ctlefiection. Non-existence of the
absolutely best strategy, moreover, doesn’t meanttitere cannot be some, let's say,
relatively best strategies. That is, strategied besler certain circumstances, as for
example when we know exactly which rules are usgdother players in the
group/population.

One of the attempts to formalize some less demagndiiteria of success than
was the unbeatability is so calledllective stability(Axelrod, 1981). Strategy fulfills
this criteria if, under condition that all othemapérs in group also use this strategy, it is
able to prevent successful invasion of individuaheking player that uses any other
strategy. There is also an important analyticaft ssince the success of strategy is

conditioned by the environment in which it is emied (notice the adjective
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collectively. Thus if we understand V as the sum of overalhgdrom repeated

interactions, then strategy A is collectively s&lif for any competing strategy B:
(1) V(AJA)> V(BIA)

If the frequency of strategies depend on their ssgcthen the number of actors using
strategy A will not decrease since attacking pleégerannot achieve higher gains than
two actors using prevalent strategy A, when thegract with each other. At the same
time it is obvious that all collectively stable atrgy is in the Nash equilibrium with
itself because unilateral change of behavior (eogn defection to cooperation) cannot
improve the individual payoffs received.

One of important results of Axelrod’s analysis vedso the discovery that tit-
for-tat strategy (TFT) is under certain conditior@lectively stable. This rule, that
cooperates in the first round and then repeatsother player's previous move, won

both of his computer tournaments and is collecfigthble if:

(2) w = max(-r_R ﬂj
R-S T-P

The argument assumes that if TFT can resist bothys defecting strategy ALLD as
well as the one that defects only in one roundj thean resist any mean rule as regards
collective stability. Since no nice strategy can lgjgher payoffs than TFT itself, when
interacting with another tit-for-tat player, the®T must constitute a Nash equilibrium
(for detailed proof see Morrow, 1994: 265; or Arely 1981: 311).

However, the problem is that TFT is not the onlylemively stable strategy.
ALLD is such a strategy as well and even regardbéske discount factor. For example
TFT can invade the group using ALLD strategy orilyhiere are more invading TFT
actors and if their mutual interactions are somektwctured. In other words, if they
interact more often than their relative numbersspribe. With respect to the
relationship between collective stability and thasN equilibrium as well as to tielk
theorem that speaks about possibility of any individualigtional outcome in
sufficiently often repeated game being a Nash dxjium (see for example Fudenberg
— Maskin, 1986), then it is no wonder that by fiiffg certain conditions regarding
there are many more collectively stable strategietuding some of the nice ones
(Bendor — Swistak, 1997: 291 & 296).

So even though Axelrod (1981) analytically showeat tcooperation can be a

stable result of the Prisoner's Dilemma under @ertaonditions even without
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enforcement of some authority, his concept of ctife stability had exactly the
opposite problem than the idea of unbeatable glyatewas too broad. Plus there were
other problems connected to it. First of all it leled so calledneutral drift This
phenomenon represents accidental change of partiqolayer's strategy, which
however leads to no change in received payoffsdthee ‘neutral’). Such a new rule
can persist in the population composed of actargysrevailing and collectively stable
strategy, even if this newcomer has not to be rseciyg collectively stable itself. The
threat becomes apparent after still another styatetts into the population and by
exploiting this neutral drift spreads rapidly. Fexample always cooperating strategy
(ALLC) doesn’t correspond to the inequality (1),thugets the same payoffs from
interactions with TFT players as get two TFT playerteracting with each other. It is
therefore able to survive in such an environmeaéfimitely without spreading.

Moreover, collective stability was often confusedhwevolutionary stability
proposed by Maynard Smith and Price (1973: 17)y&re really simildrbut they have
some very important differences. The basic on&asfact that evolutionary stability is
only the subset of collective stability. It meahattnot every Nash equilibrium is also
evolutionary stable. Evolutionary stable strategiesnot prone to neutral drift and thus
they should be more unusual than those that ane amtlectively stable. For instance
TFT is not evolutionary stable because of the [igyi of neutral drift towards more
generous rules that forgive certain amount of defes without punishment and thus
make the group vulnerable to mean strategies tkalbié such generous players that
drifts into the group (Selten - Hammerstein, 1984)fact the existence of neutral drift
in case of all deterministic strategies, i.e. thtis&t decides not according to some
probability variables, makes the evolutionary digbin this kind of rules impossible at
the end (Bendor — Swistak, 1995: 3598).

Boyd and Lorberbaum (1987) tried to prove the salbug,their definition of
evolutionary stability was again a bit differenatththe original one. According to them
the strategy would be stable only if even in theecaf neutral drift it held, that the sum
of gains of defending strategy from interactionghwany third rule was at least as big as
the sum of gains of neutral drift and that thirdattgy. Under condition of rule’s

frequency being determined by its success in repeiateractions with other players,

L If all members of the group use the strategy A &k the attacking strategy B, then rule A is
evolutionary stable only if it fulfills one of tHellowing criteria: either V(A|A) > V(BJ|A), or if (AJA) =
V(B|A) then also V(A|B) > V(B|B).
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there would be no change in relative numbers ofegka using defending strategy.
However, as was later shown (Bendor — Swistak, 19%97) the understanding of
evolutionary stability by Boyd and Lorberbaum ictfaneantcollective unbeatabilityf

the strategy A. Their main result then was that there is no deit@stic strategy able to

fulfill the stated conditions, if it holds for thiiscount parameter that:

3) w > min(P_S T_Rj

R-S'T-P
Farrell and Ware (1989) together with Lorberbaur@9d@) then extended the proof of
impossibility of such version of stability to incla also all of the probabilistic rules.

Absence of collective unbeatability is simply theodification of Axelrod’s
statement about non-existence of the best strategguse: “When two strategies [A
and B] interact with each other the same way they o with themselves [i.e. neutral
drift], their relative fithess depends on theireirdctions with other strategies [C].
Because neither strategy can be best against pesgyble third strategy [no individual
unbeatability], no pure strategy can resist invadly any combination of strategies.”
(Boyd — Lorberbaum, 1987: 59). In practical terims imeans that both the population
using TFT rule as well as that using ALLD stratezan be invaded by coordinated
attack of TF2T and STFT ruféand that even without any structuring of interamasi
(Boyd — Lorberbaum, 1987: 59). In contrast to thesion by Maynard Smith and Price
there must be of course simultaneous attack bydifferent strategies, but since STFT
is a neutral drift from ALLD and TF2T from TFT, thesuch a scenario becomes highly
probable thanks to the ability of neutral driftsaait for the right moment.

The whole problem of different kinds of stabiliyas very well explained by
already mentioned Bendor and Swistak (1995; 199gy distinguished strong and
weak evolutionary stability by identifying the foemwith original stability as defined
by Maynard Smith and Price (1973) and leading tpuésion of attacker from the
group, while matching the latter only with the reggment of not increasing frequency
of the attacker (difference is in the change ohsig the last inequality of the first

footnote from ‘greater than’ to ‘greater than ouelto’). Stability as defined by Boyd

2 Strategy A is collectively (compare with ‘individlly’) unbeatable, if for all rules B hold that feétr
V(AJA) > V(B|A), or if V(AJA) = V(B|A), then for al strategies C also V(A|G) V(B|C).

3 TF2T returns defection only after two consecutikdections by the opponent. STFT plays exactly as
TFT with the exception that it defects on the viérst move.

21



and Lorberbaum (1987) then necessarily stand favafutionary stable strategy under
any evolutionary process (Bendor — Swistak, 1995: 3598

But what is the point of the evolutionary stalyibits a concept, if it is absent both
in its strong as well as the weak version? In Yeetk evolutionary stable strategies do
exist and there are plenty of them, but they aablstonly under some evolutionary
processes and not under any of them as Boyd argktlmmum demanded. For instance
under the most common evolutionary mechanism cgltegortional fitness rule, when
the frequencies of strategies change accordingeadtio of their gains to the average
gains in the group (Taylor — Jonker, 1978; see Hlstbauer — Sigmund, 1998: 67ff),
any ,nice and retaliatory strategy is a maximabpust evolutionarily stable strategy”
(Bendor — Swistak, 1995: 3600). Their relative treacy necessary for stabilization of
strategy in a group against attacks of other gjyafee. its robustness) approaches 0.5
as discount factow gets closer to 1. And since TFT strategy is bethliating and nice,
the above stated holds for it as well.

We pointed out certain comparative advantage @ and retaliating strategies
including TFT. Two major problems nevertheless neméFirst, application of
evolutionary mechanisms even in way of proportiofi@ess rule is in the field of
international relations rather dubious. Even if wederstood such a mechanism as a
metaphor of imitation or learning, which are uspdtirmalized in a different way, we
would still have to face the objection that theligbto learn is rather uncommon and
rare in international relations. We can speak afiaization and thus maybe also of
taking over of certain strategies, but this happemauch more structured environment
(e.g. geographical proximity, distribution of capiies etc.) than is assumed by results
based on proportional fitness rule. Mathematicahlysis itself cannot solve this
problem. However, it is a perfect case for simolaiand agent-based models.

The second major problem of previously mentioneslults of mathematical
analysis is total absence of even the minimal oecwe ofnoise when player for
example interprets defection as cooperation, aerradtively by accident cooperates
instead of defecting (or vice versa). These mistakther in form of misperception of
opponent’s behavior, or in form of misimplementatiaf own decisions, are common
both among people as well as in international ieiat Without them we could hardly
fully explain the events in the first days afterr@an attack on the Soviet Union,
shooting down of Korean airliner above Sakhalimsmns for going to the second war

in Irag, development of the battle of Dunkirk, ncident in the Gulf of Tonkin.
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On some strategies both kinds of noise have bésithé same impact.
Occurrence of any kind of noise leads two interactactors using TFT strategy away
from mutual cooperation. If the game is sufficigriing, two such players will end up
with the average gain per round equal to (T + R # $)/4 regardless of the extent of
noise (Molander, 1985: 612). Interestingly enouis average gain per round is same
as the average gain per round of two players rahdohoosing between cooperation
and defection. One way to overcome noise is fomgpta generosity that enables
forgiving some defections without punishment. Thiewever, leads to exploitability
by mean strategies. Bendor (1993) analyzed thig rdsrchange between cooperation
and exploitability (Axelrod — Dion, 1988) under dhition of both kinds of noise and
found out that lower than absolute exploitabilgypiossible only if we accept lower than
absolute cooperation. Players trying to avoid eixglion thus must be at least to some
extent provocable (they must return defections) tAose actors are at the same time
prone to be provoked by noise hence causing dimoinutf payoffs. Yet noise need not
to have only the negative consequences. It can afswance the prospects of
cooperation (Bendor — Kramer — Swistak, 1996: 338:Bendor, 1993).

We already know that neutral drift renders evohaicy stability in its original
form impossible, but Reinhard Selten (1987) canteagth a concept ofrembling hand
while doing a research on extensive form of ganssilarly as in the reality this
trembling hand principle ensures that there i®as some small probability that player
will by accident make any at that time availableid®n. Any imaginable outcome of
the game can thus occur with certain small probgpilvhich makes possible to
distinguish behavior of potential neutral drifte€sSelten, 1987: especially 300 & 312).
This indirectly enables the existence of evolutigretability. In order to analyze games
with possible mistakes he, therefore, created Bedcimit evolutionary stable strategy
that in fact represents the limit of original evinary stable strategies in a series of
games in which the probability of mistakes gradualbproaches 0 (Selten, 1987: 271
& 303). This limit stability constitutes ,generadizon of the ESS [evolutionary stable
strategy] concept to symmetric extensive two-pegames” (Selten, 1987: 271).

Boyd (1989) proved it as well, that mistakes in lempentation of decisions
allow evolutionary stability, thereby corroboratittte possibility of positive effects of
noise. The proof is simple and rest on the fadtifrstrategy is the only best answer in
interactions with itself in noisy environment (i.eo neutral drift), then it is also

evolutionary stable under condition that the frauies of attacking strategies are
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sufficiently low. Boyd also stated several exammégvolutionary stable rules in such
an environment. These include unconditional dedectind certain form of Axelrod’s

winner (contrite tit-for-tat or CTFT proposed by dsien, 2004: 116-7). Player using
CTFT strategy can correct its own mistakes of imq@atation with help of standing

(contrition, content, and provoked) and hence awek the noise when cooperating
with its twin. However, CTFT cannot correct its owristakes of interpretation.

Others (Boerlijst — Nowak — Sigmund, 1997) showrat £volutionary stable in
an environment with mistakes in implementation efidions can be also the so called
Pavlov strategy known under abbreviation WSLS &ee(Fudenberg — Maskin, 1990;
Kraines — Kraines, 1989). This rule cooperatesrafteitual defection or mutual
cooperation, and defects in other cases. Thusiigds its behavior in a manner similar
to Pavlovian reflex after negative stimulus (lowgti) and continues along the current
path after positive stimulus (high payoff). Duritige interactions with another player
using the same WSLS strategy this king of refléyievercomes both kinds of noise. In
an environment with low level of mistakes in implemation of decisions WSLS is for
example evolutionary stable if:

T-R

(4) W =

In such an environment any of the possible foucaues (CC, CD, DC, and DD) occur
with some probability. If the opponent using amatgy other than Pavlov and thanks
to the noise beginning at any of the four mentiorséiiations can only lose in
interactions with WSLS, then this win-stay-losefsisirategy is evolutionary stable.
Realizing that the first (defending) player uses \M8Sthe attacking one chooses
between two options (C or D). With the exceptiorivad outcomes (CC and DD) when
WSLS prescribes cooperation, choice other tharotteemade by Pavlov cannot get as
large payoffs as Pavlov does. At the same timaitaations of CC and DD it holds that
the behavior based on WSLS strategy is the mostflogad unless (4) is false.

Bendor (1987) on the other hand analyzed effectsotde on the continuous
Prisoner's Dilemma, in which you can choose thecmixtof cooperation instead of
choosing just between two discrete options of defe@and cooperation. The result was
that two interacting players using TFT strategy epdwith higher or at best the same
variability in the level of cooperation as any pairstrategies that makes decisions not
only according to the previous round as in the cdSE-T, but according to the average
level of cooperation from several iterations. UalikFT, such an averaging enables to
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tolerate certain amount of defections in coopeeatiglationship, yet it also causes
slower response to eventual cooperation in defgcéinvironment. In consequence,
longer memory used during the averaging of coofmerd¢vels enables these players to
successfully spread at the presence of noise mow@pghat employs TFT strategy, but
they must still rely on TFT players with respectaanching of cooperation in a hostile,
defecting environment. The most probable finalestatll thus be a mixed group of
actors with various lengths of memory. Those wibtimger memory would hinder
negative effects of noise while those with shontesmory would preclude successful
attacks of mean strategies (Bendor, 1987: 542amexample of this one can think of
different tolerance levels towards defection as alestrated by foreign policies of some
European states on the one hand, and that of thedd$he other.

As should be clear from what was stated above: ptieeise level of forgiveness
[generosity] that is optimal depends upon the emvitent” (Axelrod, 1990: 120).
Strategies overlooking certain amount of defections noisy environment usually
maintain cooperative character of interactionsdoefthe question is, up to what point is
forgiveness still an effective solution, and whba threat of exploitation of generosity
becomes already too great? Molander (1985) triedatswer this question. He
formalized noise as misimplementation of decisiansl looked for such a level of
generosity of tit-for-tat strategy (also GTFT) taduld secure for the second, defecting
player at best the same average payoff as is thtcomutually cooperating players
(R). By using Markov chain computation and exangngraph of quadratic function

one finds out that GTFT strategy can resist thasion if its level of generosityis:

) q<'mn(R—P Z?—T—SJ

T-P" R-S

However, Molander himself noted that the extenaateptable generosity decreases as
players increase discounting of their future pagyofnd Molander in fact disregarded
discounting completely by assuming the same valymesent and future gains.

Pelc and Pelc (2009) used similar assumption bhiia interactions. Their
article is an exception for two reasons. Firstlbatier many years it took up again the
tradition of mathematical analysis of direct reoigty problem, but it also made use of
limits instead of geometric series — a change rstte¢sd by the absence of discount
factor. Yet the article is rather disappointinglwiespect to innovative and interesting

findings. As if the whole debate about stabilitysa@ot complicated enough, they call
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robustness what is in fact a version of Axelrodfbeatability. Strategy A is robust,
according to their understanding, if for any Balds that:

V(A|C) > V(B|C) for all C
(6) or

V(A|C) > V(B|C) for some C
While the first expression is actually Axelrod'sfidéion of unbeatable strategy A, it is
noteworthy that the second expression is de faftymulated criteria for non-existence
of unbeatable strategy B. In view of already exmdi Axelrod’s argument about
unbeatability it is no wonder then that in casegadup consisting of more than two
different strategies with at least two players gsavery one of them, then robustness
becomes impossible. But the truth is that authagsmost attention to groups with only
two different strategies while at the same timentgyto free their analysis from the
concerns of frequency of these strategies. Thelgmolis that (6) can then be altered
into the form that basically identifies robustne$sule A with the weak evolutionary
stability or with the case when the other stratisgyot collectively stable (disregarding
of frequencies still hold true).

Added value of making the whole debate that deatls stability of strategies
still more complicated is questionable. Althouginfer concepts were conditioned by
requiring specific frequencies of attacking straegthere was a reason for doing this
since not a single formulation of stability compmhpayoffs gained in interactions with
the same rule (I mean the relationship of V(AJAM@®|B)). Pelc and Pelc stopped
paying attention to relative numbers of playersigsndividual strategies, but they did
not compare payoffs from homogeneous pairs eitibeir idea of robustness that
represents the very core of their article thusesaisome doubts. Nevertheless, we can
still make use of their differentiation between lgtieal and simulation-based methods
of solving the Prisoner’s Dilemma (Pelc — Pelc, 20075-6). | finished the review of
the former, so let’s take a look at the latter omkich is often employed in situations

when random variables and complexity of interactiimit the power of mathematics.

2.2. Results Achieved by Multi-agent Simulations
This chapter is not the right place for giving ataded account of multi-agent
simulations of complex systems as a methodologiggiroach in (not only) social
sciences. Since the proper place for dealing wigthads in this thesis is the fourth

chapter, before continuing with the review and ®og on results of various models |
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will offer only few simple examples in order to githe reader at least some idea of
what the multi-agent simulations are good for am@wthey can achieve.

Fine illustration of using multi-agent simulatiorthat model micro-level
interactions of individual actors in order to geater some macro-level systemic
phenomena is the case from the 80s, when it waseat groblem to realistically
simulate the emergence of flock, movement of binds, and the shape and motion of
flock itself. Common models trying to cope with ghproblem from the top-down
perspective modeling the properties manifestechbysiystem as a whole (flocks) were
not satisfactory. It was only Craig Reynolds thatde a breakthrough by using three
simple rules of behavior of birds themselves whideractions gradually led to the
emergence of flock with unique motion and changeladpe. One of the three rules
regulating the movement of Reynolds’ birds was altyuheir effort to stay within the
flock (or more precisely, to stay close to otheds). This exemplifies very common
relationship between agents and the system bettrik by the ternfieedback loop.

Another case for multi-agent simulations can beir@tselection (for instance in
form of proportional fithess rule) as a spreadihgenes explanation based on how they
increase the fitness of their possessors in cotietiith other individuals with other
genes. Such a mechanism often leads towards clamgenposition of population and
the new composition then reversely influences ssga individual genes since it
depends on what kind of opponents their possessmng across in the population. To
say it in a Schumpeterian way, under certain cistamces it can thus happen that some
strategies/genes will disappear precisely becafifieetr success. They may win when
playing against other strategies/genes, but lossnvifiteracting with own copies. From
a game theory point of view we can nicely see hieeeshift from its classical version
that looks for equilibriums at the level of indiva rational actors, towards
evolutionary game theory that analyses developmeditstability of populations.

Of course many other problems are at hand, thatfaahpplication of agent-
based models and related multi-agent simulatidrsan be the behavior of humans for
instance during the applause in the theatre, omwdreating cooperating groups and
social networks, or alternatively during the emege of phenomena like segregation
(Schelling, 1978). We can also successfully modsietbpment of traffic jams with
help of behavior of individual agents (automobilesast but not least, international
relations system is an example of complex systemsistng of large number of

independent, mutually interacting players as we#re we can build models and run
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simulations of territorial growth (see the long diteon established by Bremer —
Mihalka, 1977), democratic peace (Cederman, 20&¥X1¢jvil wars and ethnic violence
(Epstein, 2002; Bhavnani — Miodownik, 2009). Yette remaining part of this chapter
I will be only interested in those agent-based nwdeat deal with the emergence of
cooperation in the Prisoner’s Dilemma with helglwéct reciprocity mechanism.

The event that set off the avalanche of models simdilations, and actually
launched the research program that deals with catipe of actors in the Prisoner’s
Dilemma, were the results of two computer tournasé@eld by Robert Axelrod. Both
of them were round-robin tournaments, in which gvetrategy competed in binary
interactions with all other rules plus with its ovwopy in the repeated Prisoner’s
Dilemma game. Players were also able to rememtzemtiole history of their own
previous interactions. Fourteen different strategius the rule that cooperated or
defected randomly competed in the first tournam@ntelrod, 1980a). All pairs of
strategies interacted exactly 200-times. Surprigingnough, the simplest of the
competing rules (TFT) proposed by Anatol Rapopsee(Rapoport — Chammah, 1965:
207) became also the winner. Fact that only the nides finished at the first eight
places thus pushing mean strategies back on tla Ifgiing is interesting as well.
Another important characteristic of successfultegyees except of being nice was the
ability to forgive. While for example GRIM rule deet forgive a single defection of
the opponent and if it occurs, this ultimate ret@li defects forever, TFT on the other
hand forgives just after opponent’s first coopemathind immediately reciprocates.

But Axelrod (1980a) also identified three othemtgies that could have won
the tournament, if they had been proposed by sodyebOne of them was more
generous version of TFT that would retaliate orftgratwo consecutive defections by
the other player. With respect to the first toureain interesting secondary analysis of
its results offered Behr (1981). He focused uportovy defined as the number of
strategies any particular player managed to bederims of payoffs gained in their
binary interactions. In a certain way one can seee lthe parallel with the future
relative/absolute gains debate. Axelrod lookednfi@ximizing the sum of gains while
simultaneously disregarding the opponent’s fitn&shr searched for the ability to get
higher payoffs than the opponent. From the logigegoing the Prisoner’'s Dilemma
game it must then be clear that since ,maximizirgpras requires maximized

cooperation, and achieving victories [over opposkrgquires at least some willingness
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to defect, it seems impossible for any single decisule to be eminently successful at
both tasks" (Behr, 1981: 299).

The second computer tournament (Axelrod, 198[@w) to a very similar
outcome and this despite the fact that authorseof strategies were informed about the
first tournament’s results and their analysis. 6l2g including possible winners of the
previous contest as well as random strategy ppatied at the second tournament
(actually there were 63 rules, but of them two widemntical). In contrast to the previous
occasion, contestants didn't know the exact nundfeiterations of the Prisoner’s
Dilemma but TFT strategy won again. Besides beimge rand forgiving a third
characteristic, namely being provocable, provebdagamportant as well. TFT fulfills all
these requirements. It never starts defection dBffjtstays always ready to reestablish
cooperation, and is easily provoked to retaliate lsjngle defection of the opponent. In
order to examine the robustness of the results|rddegan six alternative tournaments
with different frequencies of main types of stragésg TFT won five of them and
finished second in the sixth one. Very similar isswere also achieved in case of
updating the strategies’ frequencies in individgaies (generations) ensuing one after
another according to their previous success in ffeyexcumulation. TFT thus showed
the effectiveness of what Trivers (1971) once dallereciprocal altruism, and this in
spite of the fact that tit-for-tat has never mamhtgegain more than its adversary even
in a single series of binary interactions (butasmever lost by more than T — S too).

Two Axelrod's tournaments confirmed the possibild§ cooperation among
egoists in the Prisoner’'s Dilemma even without anforcing authority. At the same
time there remained many unsolved problems witemlly large impact upon results
of future simulations (see Axelrod, 1990: 124ff5ff4 182-3). Axelrod’s tournaments
for example ruled out the possibility of mistakesjed on deterministic occurrence of
interactions (all-play-all), and had fixed payoffdany of these problems were later
explored by subsequent literature that carried dratwAxelrod started while at the
meantime also trying to follow recommendation ofyMa987) to put more emphasis
on non-deterministic processes. Similarly as varikinds of noise mentioned in the
previous subchapter, interactions’ structure gowmerwho actually interacts with whom
can take different forms as well. It can be fortamge a spatial structure, when player
comes only across the neighboring actors, or iterabody various forms of network
relationships of interacting players that can ferthore change during the simulations.

Important position among factors influencing theules has also the pool of strategies
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that the model works with. More specifically, whraemory do players use during the
interactions; are probabilistic strategies includadalternatively does model focus only
upon few specific decision rules and their perfaroe®? This is tied to still another
category of modifications that deals with a chargjethe basic structure of the
Prisoner’s Dilemma. Simple choice between coopamaaind defection can be amended
to include another option (e.g. exit from the ganm)it can be changed from binary
into continuous choice, or we can even try to améiredpayoffs themselves. | would

like to shift my attention now to all these factarBuencing the results of simulations.

2.2.1. Mistakes in Interpretation and Implementation
The impact of noise prevailed as a key problem oflefs of the repeated Prisoner’'s
Dilemma at the end of the 80s and the beginnintdh@f0s. Bendor, Kramer and Stout
(1991)ran a similar round-robin tournament as Axelrod loidore, but they formalized
payoffs differently. They let players to change t&eel of cooperation (understood as
investment in partner's prosperity) within the gfied interval, but what is more
important they added certain low probability of nmgka mistake in implementation of
decisions. In accord with theoretical analysishef impact of noise, results showed that
TFT strategy fares much worse in such an environnmtwas more generous strategy
returning more cooperation than it received that weénding that ,generosity works [in
noisy environment] by dampening the occurrence effetts of unintended vendettas
that threaten to unfold over time* (Bendor — KrameBtout, 1991: 706) thus generally
confirmed the previous conclusions (Molander, 198&ndor, 1987).

With respect to conditions favoring emergence afpaation (low noise, many
iterations, favorable payoff matrix), Mueller (198 chieved results in agreement with
theoretical analysis as well. He used proportiditaéss rule to change frequencies of
decision rules and also many different combinations payoff matrices,
misimplementation levels, and various numbers afitions. The model operated with
two kinds of unconditional strategies (ALLC, ALL@ygether with one conditionally
cooperating strategy, which was examined in ordefirtd out the optimal level of
forgiveness and provocability for emergence anbliltation of cooperation. Outcomes
pointed out that in a hostile environment (ALLD y#as) it is the unforgiving rule
GRIM that can establish cooperation most easilyt. ifehe further development more
generous strategies can replace it because theyaldee to preserve cooperation,

overcome the mistakes, and at the same time hindasion of players using mean
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strategies. Still, the ability to distinguish unddronally cooperating actors increases in
the importance, because even though these play@rgpfy overcome noise, they also
endanger cooperation by their own exploitabiliynfr ALLD strategies.

Repeated Prisoner’s Dilemma was investigated byakoand Sigmund as well.
Their model (1992) consisted of 100 strategiesrauting with each other, capable of
remembering only the opponent’s very last move, @&odperating with certain
probability (from 0 to 1) after each one of thenhey enabled both kinds of noise,
composition of the group was changed with help wipprtional fitness rule, and
players could count on infinitely repeated intei@ts (v = 1). As expected by
theoretical analysis, development of collectivesirdy simulations initially indicated
success of defecting rules like ALLD. But shortlffeawards, when mean strategies
were not able to get high payoffs any more becaaseely cooperating strategies were
already eliminated, cooperation emerged thanksR® $trategy or some other very
similar one. This TFT rule that serves as a cataljs£ooperation was, however, later
replaced by its more generous version (GTFT) thiageve certain amount of defections
and thus prevented negative effects of noise frorolling. Model was then extended to
include strategies that during the decision makakg into account also one’s own last
step (Nowak — Sigmund, 1993). Yet this time simala indicated the advantages of
Pavlovian strategy (WSLS) that is able to repainamistakes but has no problem with
exploiting unconditional cooperators if they arentfied by noise. Although GTFT can
overcome negative effects of noise, it cannot premeutral drift towards unconditional
cooperators, which are then exploitable by meaamtegies. WSLS or its modification
can do that and under certain circumstances itevan resist the attack of ALLD rule
that it unilaterally cooperates with every othaurrd (Nowak — Sigmund, 1993: 58).

In the middle of the 90s Wu and Axelrod tried tonsup and compare previous
results that modeled noisy environment. They warttedletermine, which of the
proposed alternatives to TFT strategy is the migtient in coping with mistakes in
implementation of one’s own decision. So they fedusipon effects of generosity
(GTFT), contrition (CTFT), and reflexivity (WSLS)Jnder circumstances identical
with those of Axelrod’s second tournament with atigeeoportional fithess rule and
different levels of noise they found out (Wu - Apcel, 1995) that the most promising
solution is contrition. In contrast to WSLS, botbngrosity and contrition came out as
successful strategies in the environment of orige®Axelrod’s decision rules. If then

one applied the mechanism of shift of strategieshan group according to achieved
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gains, which means gradual elimination of ruleg thdn't manage to effectively cope
with mistakes, then CTFT surpassed even GTFT vapect to its frequency in the
population. That is because GTFT offered too muaéxploitable generosity in a group
that included only strategies successfully overcmmmistakes in implementation.
GTFT repaired own as well as opponent’'s mistakds)ewCTFT did so only with

respect to those of its own. WSLS didn’t prosperam environment with players’
memory not limited only to the very last round, lhis can be partly explained by the
fact that the model included only mistakes in impdmtation and not in perception.
Unlike WSLS, contrite tit-for-tat cannot repair owmistakes in interpretation of
opponent’s previous behavior (for analysis and fatmns dealing with these two rules
see also Boerlijst — Nowak — Sigmund, 1997). Thuseems important not only what

strategies interact with each other but also what kf noise models presuppose.

2.2.2. Structure of Interactions
Structure of interaction is besides noise anotmportant factor influencing the
emergence and stability of cooperation among a¢ses Cohen et al., 2001). Shortly, it
determines who interacts with whom, and how oftearmany situations the assumption
that everybody interacts with everyone and equatftgn is simple untenable. Much
more common is the case of stable, repeated inimnacwith only limited group of
individuals (animals on their territory; peoplethreir neighborhood; states on the same
continent). At the same time interactions needtadte spatially defined. Many times
the key is social status (students), genetic matiip (kin), or common history
(Commonwealth). So far the simplest form of modglithe spatial structure of
interactions in the Prisoner's Dilemma was propdsgdlowak and May (1992). Every
single cell of common square lattice could use amhg of two possible strategies
(cooperation or defection) and this status was tgadavery round by adopting the
strategy of the most successful of neighbors. Thwss basically a single-round game
without noise, where defection should prevail. Depeg on the payoff for unilateral
cooperation it was, however, possible to get d#féroutcomes including the state of
dynamic coexistence of cooperating and defectingporac Spatial structure of
interactions thus under specific circumstances lesaturvival of cooperation even in
the environment similar to one-shot game.

Yet it was Axelrod that transformed his second nannent into toroidal space

where players interacted in so callemh Neumann neighborhoatth the four nearest
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actors on a closed squared lattice (1990: 158-18iter every generation player
adopted the most successful strategy of its neighlmd course unless being the most
successful itself. This updating of decision rutkat can be also interpreted as an
imitation of victorious behavior happened simultangy for all actors. The outcome of
simulation was cooperating environment, in whichTTplayers prospered, but the
highest frequency was achieved by other, ratherptioated rule that finished only in
the middle of the final listing under round-robmmeractions. Model similar to that of
Axelrod was proposed also by Lindgren and NordaBb4), although they limited the
memory of players to three last rounds and addednilstakes in implementation of
decisions. Since they formalized strategies asri@ss®f bits, this enabled them to
include also errors during copying of neighbor’'srenprosperous strategy (imperfect
imitation/learning). Their conclusions pointed ot very wide scope of possible
outcomes depending on specific setting of parameter

Another model with mistakes of implementation andsgible erroneous
imitation in form of small probability to choose yaavailable strategy instead of the
more successful one was presented by Brauchliingbhck and Doebeli (1999).
Players using probabilistic decision rules with nogynnot longer than one round
interacted in so calleMoore neighborhoodvith eight nearest actors and after every
generation adopted the strategy of the most prosgeneighbor. According to their
findings cooperation, generosity, and reflexivityer@ more common and more
successful in a game with spatially structured ratons than in similar models
without this feature (see Nowak — Sigmund, 1992 89@3). Thus the development of
collectives and of cooperation within them is ,muebls chaotic in spatially structured
populations” (Brauchli — Killingback — Doebeli, 199412). Grim (1995) replicated the
model by Nowak and Sigmun¢ll992) that included strategies reacting only upon
opponent’s last move in a noisy environment, butatlded a spatial dimension to it.
Similarly as Brauchli, Killingback and Doebeli hetg higher level of stable generosity
than is the case in unstructured environment afidenobin interactions.

Square lattice is, however, not the only way howrtodel spatial structure of
interactions. Works by llan Eshel and his colleagaee well known for using a space
where players are placed at the perimeter of decihe one of the models (Eshel et al.,
2000) they explored the possibility of cooperatioran environment with two types of
players (altruists and egoists) and synchronousvelk as asynchronous updating of

their status by way of adopting strategies of therenprosperous neighbors. Model
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included accidental changes of strategy and alsescahen learning neighborhood, i.e.
players that are screened in order to find bettextegy, differed from interaction
neighborhood, i.e. players on the left and righattlone interacts with. Circular
arrangement of actors and their learning behavas wvestigated by Hoffmann (1999)
too. He used so callefinite automatawith two states (C and D) and single round
memory, and formalized them into series of bits ghal was to separate the effects of
neighborhood, in which player uses its probabdistiechanism of learning, from the
one in which player interacts. Conclusion of thedeiaclaimed that under given settings
the evolution of cooperation is caused more by niegr neighborhood than the
interacting one (Hoffmann, 1999: 66).

The last type of structure | would like to talk aband which can be at the same
time better described as social rather than spatialare so callesimall-world networks
(see Watts — Strogatz, 1998) and their near akale-free networkésee Barabési —
Albert, 1999). They are characterized by relativetyall average distance of any two
players and also greater interconnectedness ofrsa@ttustering than in case of
randomly distributed networks. Round-robin tournaméor example displays the
lowest possible average distance between playenselss perfect interconnectedness
of all actors in an environment, where everybodypws everyone, and all players
interact equally often. Even though the already tinerd spatial structure of square
lattice has certain local interconnectedness ie cddvioore neighborhood, the average
distance between players increases together wétlextent of lattice. Neither of these
structures corresponds very well to the realityntérnational relations. Currently there
are for instance various groups of states whose baeninteract among themselves
more intensely than with the rest of the world .(ilegh interconnectedness of
someone’s partners with each other), but none a$ehgroups is isolated from the
outside world (small average distance between awny players). Moreover, some
countries interact with much higher number of dif& states than the others.

Structuring of interactions in a way of scale-foresmall-world networks is still
a new and the least explored branch of the Prisorgitemma research program.
Masuda and Aihara (2003) took over the approachNbwak and May (1992) and
worked only with players with no memory at all (ADLand ALLC). Small-world
network proved to be an optimal structure for sgimeg of cooperation in a case, when
payoff matrix maximized the effect of interactionstructuring upon emergence of

cooperation. Similarly beneficial impact on coopiena of actors, and even without any
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respect to the extent of temptation to defect, heo@ording to recent studies also the
scale-free networks that ,lead to unprecedentedegafor the equilibrium frequencies
of cooperators, such that cooperation becomes nlyt competitive but often the
predominant trait” (Santos — Pacheco, 2005: 4at&® Santos — Pacheco, 2006). This is
caused by decentralized character of these hetegoge networks that are able to cope

with the loss of someodewithout endangering the functioning of the whoégwork.

2.2.3. Payoffs Modification
The third but equally important factor influenciige emergence and stability of
cooperation is the Prisoner’s Dilemma payoff maitself. One of the basic alternatives
how to change it is to replace simple oppositiowadperation/defection by continuous
choice of investment level that gives certain beseb interacting partner and takes
certain costs from investing player. Killingbackdaboebeli (2002demonstrated the
gradual increase of investments in an environmeitt wtrategies, whose current
investment levels depended on payoffs in the previoound, i.e. on the level of
opponent’s as well as one’s own investment. Iftilikgback and Doebeli (2004) on the
other hand picked up an earlier spatial model thatked with variable levels of
investment (Killingback — Doebeli — Knowlton, 1998hd examined the effects of
different sizes of interaction and learning neigtilo@ds while using the asynchronous
updating of actors. They found out that both biggerghborhoods and also great
differences in sizes of learning and interactiorigihieorhoods led to the lower
investment levels. Their results thus corrobordhe hypothesis that clustering is the
key mechanism which leads to cooperation beingt fiestablished and then
maintenance” (Ifti — Killingback — Doebeli , 200404).

Continuous but alternating Prisoner’s Dilemma, whptayers do not decide
simultaneously but one after another (see also Mew&igmund, 1994), was the point
of interest for Roberts and Sherratt (1998). Thatyoduced so called RTS strategy
(raise-the-stakés that increases the invested amount only in cdsepponent’s
investment reached the same level, i.e. if theroiteyer reciprocated. This strategy
proved to be very effective at launching and sprepdf cooperation in an environment
with continuous payoffs. Wahl and Nowak (1999) paittention to alternating
continuous Prisoner’s Dilemma too. They worked vathategies that considered only
the opponent’s last move, but they added the pitissibf misinterpretation errors.

Similarly as in the basic form of the Prisoner'sdiama game even here (Wahl —
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Nowak, 1999: 335) the path of development showedsdéme logic of change from
mean rules towards those more cooperative onetsatban the mean time dominated
by more generous among them leading subsequenttk ba the possibility of
successful attack of defecting rules (possibldse atable coexistence of these groups
of strategies). The level of initial investment ydaa significant role during the
emergence of cooperation too. On the other handtakes in implementation of
decisions were for the continuous Prisoner’s Dilemfarmalized by Le and Boyd
(2007), but they also achieved unstable cooperatia@ventually multiple possible end-
states depending on the specific setting of pammet

The other way of modifying the payoff matrix is exuling the collection of
alternative options beyond the common two (or tlggadation). Robert Schuessler
(1989) proposed to add tleait optionof ending the interactions, which basically makes
the game voluntary. He came up with a successfidd called CONCO that used
conditional cooperation until the adversary defeédte the first time, which led to the
exit of CONCO player from mutual interactions. Simplobability to end the
interactions was added as a form of noise and thasealso an imitation of successful
players in a way similar to the proportional fiteesule. One of the important
conclusions was that ,[T]he mere ability to iterated quit interactions may suffice to
render cooperative behavior effective* (SchuessliEd89: 747). Higher level of
cooperation in the model with exit option, zero s&iround-robin interactions, and
ability to remember opponent’s behavior was cordirray Batali and Kitcher (1995).
Simple strategy of ending interactions after th@aent’'s first defection, however,
becomes less effective in case of addingdpportunity costdnto the model as did
Hayashi and Yamagishi (1998). At the same time #mgbled not only the exit option
but also certain kind of proactive searching foeav partner.

There are of course several other possible motidica of the Prisoner's
Dilemma. Frean (1994) for example changed the gdgoimutual cooperation in order
to find out, which strategies are successful undarious circumstances of the
alternating Prisoner’s Dilemma with added propardio fithess rule and certain
probability that few players occasionally shift tamas randomly chosen strategy. The
result was a finding that with players remembeonty the opponent’s last move GTFT
was successful if R got higher values, but withrage or lower values it was ALLD
strategy that prevailed. On the other hand, ifrtteanory was extended to include also

one’s own previous decision, then the victory weenEBF strategyfi{rm-but-fair) that
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behaved like ordinary TFT rule with the only exeeptof being prone to cooperate
after mutual defections. Still another form of chemy the payoffs together with
decision rules was introduced by Billard (1996),owhodified the Prisoner’'s Dilemma
matrix in such a way that its payoffs in fact regeneted various probabilities of getting
fixed reward or penalty. Payoff for unilateral detfen for instance meant guaranteed
reward, while payoff for mutual cooperation offeredly 75% chance of reward plus
25% chance of penalty. Probability of actor’s caagien/defection was then updated to
take into account whether it was reward or pendiisgt had been paid out in the
previous round. From the international relationsnp@f view and with respect to
modifications of payoff matrices | should finally l@ast briefly mention also the work
by Busch and Reinhardt (1993), who examined thepexadion of players in a game
with payoffs formalized according to relative/ahgel gains debate and simultaneously
paying attention to different values of sensitivitpefficient too. While using the
strategies from Axelrod’s second tournament theynatestrated the viability of
cooperative behavior under various levels of redagjains sensitivity.

Modifications of payoffs as the last of the threadamental factors influencing
prospects of cooperation in the Prisoner's Dilengaee closed up the review of the
most important studies that was predominantly corexkwith the mechanism of direct
reciprocity. Many other factors are of course ablaffect the results of simulatiofis,
but their applicability upon international relat®is questionable. On the other hand,
there still remain several models closely related international relations that,
nevertheless, do not deal with the Prisoner’'s Dilengame, even though they use very
similar research method of computer simulationalbsf the above mentioned models.
Since there already exist two comprehensive rewdgigles (Johnson, 1999; Pepinsky,
2005) summarizing from the political science pecsipe the findings of these models
unrelated to the Prisoner’'s Dilemma, | see no neasaepeat here what has been well

written somewhere else.

2.3. Final Remarks
But are there any implications for the internationglations themselves from the
previous pages? First of all, application of theuits of the Prisoner’'s Dilemma

research program should not be limited to few catutases that are usually either false,

* Fine example is not only the above mentioned giaiary mechanism called proportional fitness rule,
but also other factors such as learning, or ingtatiThey all formalize change of strategies befmd
during the game, and possibly even the inventidorafd new behavioral rules.
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or stated in a wrong context. TFT is for exampld tiee best strategy and strict
reciprocity does not always have to pay off. Wisathie best necessarily depends on the
situation. The closer is the model to reality, fess efficient is TFT strategy for
sustaining the cooperative behavior. It is replaeather by more generous, or
completely different rules. As the second importaat while trying to apply findings
from the Prisoner’s Dilemma models upon internalarlations, we should think of
the debate between neorealism and neoliberalis@ait i§Hecause in the 80s there was
an attempt to apply results of Prisoner’s Dilemimmaugations at the more general level
to explain cooperative behavior of states as wefuactioning of various international
regimes (see for example the special issug¢/ofld Politics 38(1) or Keohane, 1986).
This attempt to reinterpret the effects of the eysbf states, or more precisely of the
anarchical environment, however, ended up in a @ésadof the relative/absolute gains
debate from the late 80s and the early 90s.

The fact that we were so far unable to successfudynspose results of
simulations upon the highest, systemic level ohtiehs among sovereign states is
probably the greatest drawback of the whole rebepregram with respect to our field
of study. Although more suitable expression migintenbeen: ‘a drawback of our field
with respect to that particular research progral’is because exploration of the
Prisoner’s Dilemma in these days goes on unhampeagualy thanks to the efforts from
other fields that seem better prepared to use astefindings and apply them in
practice. System-level application of relevant fimg$ upon international relations is not
even foreseeable unless there would be a model dithtnot assume unrealistic
interactions of everybody with everyone (or onlfhwdne’s own neighbors), and unless
it would also properly formalize the way how powand geography influence
interactions. Fact that agent-based models of cexnpistems are most useful precisely
for growing the systemimacro-levelconsequences out oficro-levelprocesses related
to individual players makes this approach even npoognising as regards the study of
international relations system. Attempts to apphdihgs of these simulations at the
lower than systemic level on the other hand rasmlly serious doubts.

To sum up the possibility of cooperation emergencthe Prisoner’'s Dilemma
with help of direct reciprocity, one can identigw major factors influencing to a great
extent prospects of cooperative behavior. Withaying to order these factors

according to their individual importance, it is cial to focus on the following points:
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= Who interacts with whom and how often? Or in otwerds, what is
the pattern of interactions in the population coned?

= How stable is the nature of the game and espediadlyresulting
gains and losses that ultimately set the fitnegstefacting players?

» What strategies actors use and how they identifiebalternatives,
if they try to do that at all?

= And finally, to what extent are actors capable efcgiving the
reality accurately and implementing their decisipnsperly?

One can easily find many examples how all thesaabls determine also functioning

of the international relations and any model tryiodormalize the system of states must
pay close attention to them. Simply stated, it naumstwer some fundamental questions
that our field of study asks continuously. Fouruess identified above can thus be

reformulated into following four questions with pest to international politics:

= Which countries/actors interact most frequently?
= What is the basic form of these interactions ansiatgs/actors?
= |s there any progress or development in internatioglations?

= Are states/leaders always able to properly evalsdtetions they
face and to achieve what they desire by choosiagigint decision?

We would be able to say that the causes of warldhmt be seek at the systemic level
(Waltz, 1959) only after adequately answering lafl above mentioned questions and
formalizing these answers within some model thal \ead to the emergence of
cooperation among players. Examined models de&litigthe Prisoner’s Dilemma as
well as results of related simulations | have redé in this chapter can help us design

exactly such a model.
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3. Model of International Relations

As the previous chapter suggested, there are dayagations researcher must face, if
(s)he intends to model the international relatisgstem. | will try to answer these
questions in this part of the thesis, in which temipt to theoretically justify the
proposed agent-based model of international relatidgent-based models are widely
used as a tool for modeling the so calteunplex systemand although few remarks
were already made about these systems on preceages, | will explore them deeper
here. Then | will briefly look at the possibilitp reconcile, or maybe rather to find a
common ground between, rationalistic and constrigtttheories. Since many agent-
based models including this one are based on gaewmyt which is undoubtedly a
rationalist approach par excellence, my attentioil Wwe more focused upon
constructivism and what it shares with complex esyst. After clarifying the issue of
complex systems and how constructivism relatefiab and to rationalist theories, I'll
proceed to agent-based modeling as the best wayothf analyzing the complex
systems, and unifying the insights from rationadistl constructivist theories.

Design of the proposed game theoretic model of ithernational relations
system is described in three core sections of teegnt chapter. They are dedicated to
agents, environment, and rules. It can be seen th@mrpreceding chapter that many
important features of the international relatiopstesm have been already formalized in
one way or another. Unfortunately, they were naigleed with the system of states in
mind. For example, there are many different waysnafdeling spatial nature of
interactions. Various ways of changing the payaddtnm during the simulation exist as
well, and two effects of noisy environment repreésaem breakthrough for experienced
agent-based modeler either. However, very few nsodélany) put these features
together and formalized them in such a specific \mayto resemble the system of
international relations. My intention is to do pesty that.

In my model, actors with various strategies represeates and they interact in
the dyadic, repeated, and simultaneous Prisonel&sniha game receiving symmetric
payoffs and thereby increasing their capabilityelev Occurrence of interactions is
determined by agents’ power and spatial positionthsd the most powerful states
closest to each other interact most often. Somedgdobability of misperception as
well as own misconduct makes model more dynamicsamdltaneously more realistic.

The same holds also for shifts of payoff matrixading to the previous history of

4C



interactions, when mutually cooperative behaviosh@s matrix more closely towards
Assurance game, while defection shifts it towanmstiaer limit of Deadlock.

To use Wendt's ontological classification of intational relations’ theories
(1999: 29) according to effects that structure @ieés are supposed to have, proposed
model will try to stay at the border of both maadist/idealist, and holist/individualist
division. Although the model rests upon bottom-ngividualism of interacting agents
with their success understood in a materialist waya power manifested through the
level of accumulated gains, the model at the same tries to formalize cultural
relations of friendship and enmity as a structwaliable influencing, and resulting
from, the players’ interactions. As regards possithlird ontological choice between
stability on the one hand and dynamic processebl®other, | clearly opt for the latter.
Finally, my agent-based model of the internatiomddtions system is based on game
theory, but its character as an example of forimabty would become apparent only in
the third, methodological chapter, where all vagalpresented here are translated into
the language of mathematical formulas. In this tdap try to focus merely upon

written description and justification of varioustares of the model.

3.1. Dealing with Complexity

| already wrote in the previous chapter that theermational relations system is an
example of a complex system. But what exactly dibvemean for a system to be
comple® Several authors from international relations death this problem in one
way or the other (Jervis, 1997; Kavalski, 2007)t ieis still the Herbert Simon’s
definition that makes the point most clearly:

[Bly a complex system | mean one made up of a langaber of parts

that have many interactions. ... [I]n such a systémeswhole is more

than the sum of the parts in the weak but imponaatjmatic sense that,

given the properties of the parts and the laweir tinteraction, it is not
a trivial matter to infer properties of the who|8imon, 1996: 183-4)

In this definition we can find almost all the chetexistics ascribed to complex systems
also by other authors. For example Forrest idetithree features of complex systems
to what Gilbert added another propertyeafiergenceThose three features are:

1. The system consists of a large number of interg@ments operating

within an environment. Agents act on and are infagzl by their
local environment.

2. There is no global control over the system. Allreigeare only able to
influence other agents locally.
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3. Each agent is driven by simple mechanisms, typicatindition-
action rules, where the conditions are sensitive the local
environment.

(cited in Gilbert, 1995: 124-5)

It is, however, emergence that is one of the keycepts when dealing with complexity
and it is basically this that Simon had in mind,enthe spoke about the whole being
‘more than the sum of the parts’ (see also Jetd897: 12-15; Hamman, 1998: 179-
181). In other words, when agents in a complexesyshteract at the micro (individual)
level, their interactions may lead to unintende@mmena at the macro (Systemic)
level that cannot be analyzed or grasped by theeganis as used at the lower level of
individual interactions (see also Axelrod, 2003neFexample of this macro-structures
emerging out of micro-behaviors is in the previahspter mentioned segregation as
modeled by Schelling (1978) or for example trajfim brought about by interactions of
individual cars. According to Gilbert and Troitzsitien:

Emergence occurs when interactions among objecseatevel give rise

to different types of objects at another level. Bloprecisely, a

phenomenon is emergent if it requires new categotie describe it

which are not required to describe the behaviourth&f underlying

components. For example, temperature is an ememeperty of the

motion of atoms. An individual atom has no tempatbut a collection
of them does. (2005: 11)

Multiple agents and emergence are the most commuelytioned characteristics of
complex system, but there are few others, similariportant ones. Crucial role of
interactions was mentioned by Axelrod (1997) anth@i’'s concept of complexity as
hierarchy was based on a very similar idea. Henddfihierarchy not in sense of
domination-submission relationship, but as a pattdrinteractions and their intensity
(Simon, 1996: 184-7). It was, however, Robert 3r¢1997: 17-19) who put
interconnectedness besides emergence as the seedimthg feature of complex
systems. This interconnectedness is again a kimut@factions’ occurrence pattern that
causes agents and their local environment to teein€ed and shaped by interactions of
other players, at other places, and/or at otheegjmvhich renders isolation of any
particular part of the system virtually impossible.

Another peculiarity of complex systems are feedbkdps (Kavalski, 2007:
438). If interactions of units on the one hand leademergent phenomena at the
systemic level, feedback loops on the other handnnthat changes at the systemic

level in return influence behavior of units. Verycen example is overall balance
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between various predators and their preys in natwe instance if the population of
deer increases because of abundance of resouneesarne will happen also to wolfs
with some delay since deer are in the prey-preda&fationship with wolfs. However,
as the population of wolfs grows in numbers, thp#y becomes scarce and its pool
depleted because of the higher pressure from mmeddteedback loop of scarce prey
then causes decrease in population of wolfs, wimcheturn after some time again
enables higher reproduction rates of deer. Sirfeéledback mechanisms exist in most of
the complex systems. Last but not least, nonliaear highly interwoven relationships
are together with bounded rationality in case ofmhno interactions associated with
complex systems too (see Kavalski, 2007; but atwisl 1997). That all must be
blamed for rather poor results of traditional maatglapproaches and for deficiency of
suitable mathematical tools applicable upon compiestem.

In sum it is the emergent phenomena, multiple irdepnt agents interacting in
complicated patterns, feedback loops, nonlineaaity] probabilistic events that together
form systems that can be called complex. But hoasdoternational relations system fit
into this? First of all, there is undoubtedly langember of states in the system even
though it was not always as large as it is nowerhmtions of states are hugely
complicated as well and are influenced by histdities, great powers’ interests, border
disputes, economic issues and many others. Inteecbedness can be exemplified by
9/11 that brought US and other NATO member statemdps into mountainous,
underdeveloped, and distant Afghanistan. You cadlyahink of better illustration of
feedback loop mechanism than is the one presemtsigcurity dilemma or in any arms
race, when presence of arms in hands of enemy Igtatis to strive for security by
acquiring the very same weapons, which in retumhé&r heighten insecurity in the
system. There is similarly no sure thing principtey full rationality, no perfect
knowledge of the environment, no predictable wayrfrintentions to outcomes either.
Certainly not after superpowers losing wars in Nah and Afghanistan, Japanese
attack on Pearl Harbor, sinking of Kursk nucleabrearine, or the first battle of the
Marne. It is in fact the life-long work done by Rab Jervis that shows the complex
character of international relations system mosarty (see particularly Jervis, 1997;
but also Jervis, 1976). Yet the hardest case fptyalg complexity metaphor upon
international relations is emergence. Jervis algtyssed the buck to others by merely
focusing upon interconnectedness. But we canfstdl possible examples of emergent

properties when dealing with states and their atigons. The first and potentially the
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most promising illustration might be emergent hiehg (as Simon understood it) of
great and lesser powers that unfolds throughouhigtery. Usual peace among nations
disrupted only by occasional hegemonic wars mightabother example, and some
would certainly assert that the same holds alsob&dance of power as a consistent
tendency of the system towards multiple centerpamfer and away from hegemony.
Thus we have due reasons to perceive the syststatef as a complex system.

After making clear what | mean by complex systemd why the international
relations system can be viewed as an example o¢f ltltan now proceed and take a
short look at the uneasy relationship of ratiomali@nd constructivism in the
international relations theory and how it can beroved by the agent-based modeling.
Best way how to do this is to follow the lead obFen and Wendt (2002). Rationalism
is (in social sciences) naturally associated visttiividualist game theory, but with
respect to international relations theories itatually (neo)realism and its counterpart
neoliberalism that comes to our mind first. Grdwre of responsibility for that goes to
usually unnoticed difference between instrumerdsibnalism of game theory, and its
substantive version in neorealism (see Keohane8:1981). Paradoxically, Waltz's
effort (1979) to put histructural realism on rigorous scientific foundations reqditey
Karl Popper with respect to natural sciences, asal the late 80s and early 90s debate
about relative and absolute gains that includedesteohnical formalization and game
theoretic reasoning, only contributed to this idfegtion of rationalism with neorealist
theory (for alternative interpretation see Albei€ederman, 2010). In spite of Waltz’'s
obvious structuralism, his theory is for some stbbmpatible with individualism
(Wendt, 1999: 31; see also 1987) and thus Wendtdscthe debate between neorealist
and neoliberal views into individualist quadrants hos table classifying different
theories of states’ relations (1999: 32). At thal,eaven for those that identified
rationalism with what Weever called the neo-neo lsgsis (1997: 163), individualism
became the cornerstone of the former (Wendt, 1299: Fearon and Wendt later

highlighted the same when they stated that:

a more plausible candidate for a constitutive fieatnf rationalism is a
commitment to explaining macro-social phenomendemms of more
micro-level phenomena (Fearon — Wendt, 2002: 56 a¢s0 page 53)

In fact, individualism, occasionally accompanieddeyf-interested utility maximization
assumption, pays key role in basically all currattempts to define rationalism (e.g.
Jupille — Caporaso — Checkel, 2003: 12; Abell, 19%3; Albert — Cederman, 2010: 6).
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Individualism is also the reason why game theoryaastionalist approach was so
successful as a tool for understanding and mod#li@gomplex systems, because these
systems are similarly as game theory based upomo+i@eel interactions that only
subsequently lead to macro-level outcomes. Bottpnrationalist approaches focus
upon causes of behavior rather than causes ofrprefes since “[M]ost individualists
treat identities and interests as exogenously gip@fendt, 1999: 27; see also Ruggie,
1993: 140) and thus leave this problem of how pegfees are shaped to constructivists.
[T]he rationalist strategy is usually to build inmresuppose some social
structures and the identities they constitute, thied to explain from the
‘bottom-up’ a pattern of choices and the structutbsy imply.
Constructivists have objected to this building if structurally

constituted identities, since they are interestaed how these are
constituted in the first place. (Fearon — Wend2@®6)

But contrast between individualism and holism (@ther structurationism) is not the
only difference of rationalism and constructiviswihile the former is concerned first
and foremost with causal relations, the latter paysh more attention to constitutive
mechanisms of how agents and structures mutualipestand reproduce themselves.
Rather than examining stable end-states and howrsagbt there, constructivists and
their ‘theories of action’ analyze processes of hiowerests and identities change
(Jupille — Caporaso — Checkel, 2003: 14; Wendt9138; Hopf, 1998: 181 & 196). In
their understanding neither interactions of ageca:m be wholly determined by
structural constrains, nor structure is fully reidlee to interactions of individual actors.
They are both in a mutually constitutive relatiapsi he role of bridge between agents
and structure is served by rules (either constgubr regulative) and related practices:
Constructivism holds that people make society, aodiety makes
people. This is a continuous, two-way process. ...nTake a virtue of
necessity, we will start in the middle, between glecand society, by
introducing a third elementules, that always links the other two
elements together. Social rules ... make the probgswhich people
[agents] and society [environment] constitute eattter continuous and
reciprocal. (Onuf, 1998: 59).
Finally, if these rules and practices that govend aepresent behavior of actors are
stable enough they turn into institutions that “mgleople into agentnd constitute an
environment within which agents conduct themselvasonally” (Onuf, 1998: 61
emphasis in original). Constructivism can thus Wearacterized as focusing upon

process of reproduction and change of identitiesiaterests via rules and practices that
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mediate mutually constitutive relationship betwegents and the environment (notice
that neorealists see only agents and structureutest; Waltz, 1979: 79). Yet it still has
to be explained how all this relates to complexesys and agent-based modeling itself.

In order to take a grasp of complicated thingsuseally design their models.
According to King, Keohane and Verba “[a] model as simplification of, and
approximation to, some aspect of the world” (1988l), which in this case are relations
of states to each other. Agent-based models (s&ft$on — Judd, 2006 eds.; Axelrod,
2003; Epstein, 1999; Cederman, 2005) are simpliiedions of complex systems and
similarly as in the case of constructivism they @eéined by agents, environment, and
rules (Epstein — Axtell, 1996: 4; see also GilberTerna, 2000: 67-69) that govern
agents’ behavior and regulate functioning of theimmment. In any model scholars
usually formalize only the most fundamental projsrbf complex systems so that final
design meets the KISS maxim kéeping it simple and stupi@hxelrod, 1997: 4-5).
Agent-based models also start with the bottom-upcyple, which makes possible both
the method of multi-agent simulations as a dataegatg tool, and the application of
insights from game theory with which it shares thesition of methodological
individualism to some extent.

However, we part company with certain members ef itidividualist

camp insofar as we believe that the collectivecstmes, or "institutions,”

that emerge can have feedback effects in the gmmmilation, altering

the behavior of individuals. Agent-based modeliigves us to study the

interactions between individuals and institutiofigpstein — Axtell, 1996:

16-17)
Feedback loops as present in most of the complstes\s and therefore formalized in
agent-based models as well highlight the mutuapisigaof agents and structure, and
represent yet another similarity between conswistti and agent-based models of
complex systems besides that of virtually identicalicial components — agents,
environment, and rules. In words of Macy and Will&kBMs defy classification as
either micro or macro but instead provide a thecaebridge between levels” (2002:
148). The truth is that compatibility of constrwtsim with modeling of complex
systems had been pointed out from both sides. ©moie hand, Hamman stressed the
usefulness of complexity as an inspiration for ¢amivists and he believed in “a
possible isomorphism between constructivism andrgemt science's elaboration of
complex dynamic systems.” (Hamman, 1998: 190) Gndther hand Gilbert (1995)

showed that structuration theory of Giddens, whpebfoundly influenced Wendt and
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other constructivists, could serve as an inspinatdaring the designing of models of
human complex systems. These are the reasons vagaid agent-based modeling of
complex systems as not only compatible with coms$itrism, but also as a promising
way of reconciling rationalist and constructiviseories.

Proposed agent-based model of the complex intemsltirelations system
strives to accomplish exactly that. To use the waitdJames Morrow, in the following
model | try to “capture the essence of a socialasion” (1994: 7), in which actors are
sovereign states. Model rests on game theoretindimtions and thus carries on the
tradition started by two Prisoner’s Dilemma tourmsnts of Robert Axelrod that showed

the possibility of cooperation among egoists. Bubancan Snidal rightly warned:

Applying game theory to a substantive body of kremge such as

international relations raises a host of difficefhpirical questions. For

example: Who are the relevant actors? What areules of the game?

What are the choices available to each actor? \Afteathe payoffs in the

game? Is the issue best characterized as singlegplaepeated play?

(Snidal, 1985: 26)
As he later emphasized, any model of internatipaditics based on game theory must
pay close attention to how structure on the systelevel relates to voluntaristic
decisions at the unit level (Snidal, 1985: 40). i&iny, Robert Hoffmann (2000)
identified key factors that determine outcomes gérd-based models and whose
modifications distinguish various models from easther. These factors encompass
agents representation including their strategiesyposition of the initial population of
actors, structure of their interactions, the waw hbeir rules of behavior change, payoff
matrix, iterations, and noise (see also Axelrodien1988). Finally, Rasmussen as
well identified three minimum requirements for d@sicg any game to be a definition
of players (agents), available actions and inforomatdetermining the payoffs
(environment), and strategies (rules) (1989: 22)néxt three subchapters | design all
these factors with a specific idea of internatioreations system in mind. Resulting
model is at the same time an attempt at what &ypthporaso, and Checkel (2003)
called a theoretical conversation between ratismaliand constructivism. More
precisely, out of the four modes of conversationmmudel is an attempt at a sequential
approach that tries “to build a more comprehensieenposite ... all the while
preserving the integrity of the contributions oé tharts* (2003: 19) and simultaneously
suggesting “that variables from both approachdsofralism and constructivism] work

together over time to fully explain a given domaf2003: 22).
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3.2. Agents
My model is agent-based so there must be somesatsitinteract with each other and
have specific qualities particular only to theme(deur basic assumptions of ABMs
according to Macy — Willer, 2002: 146). Epstein aodell (1996: 4) defined agents as
the units of artificial societies that possessairrfpossibly alterable) internal states and
specific behavioral rules while according to Woalde and Jennings actors in agent-

based models are generally characterized by theniolg four properties:

» autonomy agents operate without other players having tliceatrol
over their actions and internal state;

= social ability agents interact with other agents through somd &f
formalized processes or ‘language’;

» reactivity. agents are able to perceive their environmenidfwmay
be the physical or a simulated world) and respong t

= proactivity. as well as reacting to their environment, agemésalso
able to take the initiative, engaging in goal-diegcbehavior.

(cited in Gilbert — Troitzsch, 2005: 173)

Onuf as a constructivist for example understoodnageas a social condition of
capability and willingness to “act on behalf of etlpeople” (1998: 60), but at the same
time agents in his view do not necessarily havbeandividual human being. Since |
model international relations system, the agentsymmodel are states and they act on
behalf of their population. Both rationalist andhstructivist theories agree that states
are maybe not the only one but certainly the mosgtortant units in international
relations. In words of Alexander Wendt “it makesmore sense to criticize a theory of
international politics as ‘state-centric’ than e$ to criticize a theory of forests for
being ‘tree-centric’” (Wendt, 1999: 9; see also Wal979: 93-95; Keohane, 1984: 25).
And although the truth is that “rules tell us wihe tactive participants in a society are”
(Onuf, 1998: 59), | don't want to get involved intbe debate about what are the
necessary and sufficient conditions for entity éorbgarded as a sovereign state, or the
one about the very meaning of sovereignty itselifer€ are certainly many ambiguous
cases but | could hardly settle the dispute herahiat extent is Kosovo a sovereign
country in contrast to let's say South Ossetia. &ddoer, | don’t even see the reason to
do that unless | try to model particular statesjctvH won’t. Basically | agree with

Waltz on what he said about sovereignty:

To say that a state is sovereign means that itldedor itself how it will
cope with its internal and external problems ... &atevelop their own

48



strategies, chart their own courses, make their dagisions about how
to meet whatever needs they experience and whatdesires they
develop. (Waltz, 1979: 96)

Trying to find a better illustration of correspomde between assumed autonomy of
actors in agent-based models and the system afsst#ems futile. What is also

important is that similarly as in reality the modaell include multiple agents (see the

first defining feature of agent-based models asdidy Gilbert, 1995: 124-5) so that

their interactions would be both numerous and bgemeous enough.

Few lines have to be reserved for the propertiegtuirs as well. Except for four
above mentioned attributes of agents | also pagnttin to players’ goals, rational
conduct, power capabilities, and spatial charadtast of all, Waltz call states ‘like
units’ because they are all autonomous politicalsuwith an attribute of sovereignty.
Although they differ in size, wealth, power, andnfip they “are alike in the tasks that
they face, though not in their abilites to perfortmem. The differences are of
capability, not of function.” (Waltz, 1979: 96) Tipeoblems begin with specifying the
function or goal of the states. For Waltz it iswsual/security (1979: 91 & 126) and he
derived this rather self-evidendtimate goalfrom how the structure of international
politics works. Even though Fearon rightly pointaat that despite being a reasonable
assumption this ultimate goal of states is in fagit a consequence of anarchy or
international structure” (1998: 294), | see no hieuin accepting it. Yet how states
achieve this ultimate goal? It is here that thaeessfproximate goalsomes forth.

Waltz contends that it is by maintaining one’s oposition in the system and
not by maximizing power (1979: 127) that statesesscurity. In contrast, Mearsheimer
as an offensive realist argues that out of his firelamental assumptions, that include
already mentioned ultimate goal of states, oneiotar the proximate goal of power
maximizations as the most promising behavior ofntoes trying to achieve security
(Mearsheimer, 2003: 33-36). | don't agree with eitmterpretation of proximate goals.
The best way how to gain security depends upon whmragents interact with. You
won’t make many friends, if you always try to outgeete them, and you won't be able
to keep them, if you mind that they are succes#nt that there are friends similarly
as foes in the international politics is equallyf-seident as the ultimate goal of
security. Achieving security requires cooperationew dealing with friends and the
opposite when dealing with foes. Security can obé& the result of appropriate

behavioral rules. Neither balancing nor bandwagprame natural outcomes of the
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structure of international relations system. Theg adividual strategies of state’s
behavior. | will deal with strategies and enemeffid opposition in the subchapter
dedicated to rules that connect agents with theirrenment. With respect to properties
of agents it is only important to note that theicial ability, reactivity, and proactivity
is in my model reflected in the fact that eachestats some strategy or rule of behavior
and that agents have also sufficient memory to nepee all of their previous
interactions. As regards power maximization, | gdasacally agree with Waltz when he
said that “[lJncreased powenay or may noserve” the ultimate goal of security (1979:
126 emphasis added), but at the same time | slleve that it is a useful way of
classifying states. Model will make use of it bytsw out the agents according to the
level of capabilities (game payoffs) they reackhia simulations.

To get back to properties of states, let’s focusruipstrumental rationality first.
For actor to be considered rational, (s)he mustrohér/his preferences over outcomes
of all available choices in a transitive manner dadide, which action to choose so that
her/his utility would be maximized. Assumption aftars behaving like perfect utility
maximizers represents maybe the most often critipart of models based upon
rational choice theory (see for example Varoufakislargreaves Heap, 2004: 15ff).
Concepts like trembling hand, bounded rationaétyd prospect theory sought either to
pinpoint false postulates of instrumental raticiyalhr to bring it closer to reality.
Nevertheless, it was no one other than Robert Are{d990: 17-18), who stated that
rationality is in no way required in his model. Tésme remains true also in the present
case. In agent-based models generally and in mehiogarticular, agents don’t know
in advance with whom, how often, and under whatd@@ns they will interact with.
Thus they cannot purposefully maximize their u&bt because they don’t have
necessary information for doing that and not even using of probabilities can help
them solve this problem. The simpler and fewer mggions model has, the better it
usually is. Lack of instrumental rationality cerlgi won’t impair the realistic nature of
the model presented. Quite the contrary!

The last remaining attribute of players in my matthal reflects states in the real
world is their spatial character. Territory symkek one of the crucial qualities of
statehood. Contrary to models of Bremer and Mihglka77) or Cusack and Stoll
(1990), states in my model do not expand theiittey or split apart as a consequence
of war. My intention is not to model war or crigscalation so | designed actors to be

similar with respect to territorial extent as wai number of neighbors, and assumed
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that they would remain so. Hence | follow the ledd/Naltz (1979: 99) and “abstract
from every attribute of states [that enables thdistinguishing] except their

capabilities.” Since | already dealt with the capgb levels of states, all other

properties of states are either disregarded omasduo be similar for everyone. In case
of spatial character of states | focus on relapesition with respect to other agents
rather than on the extent of territory. But positieis-a-vis other agents (states) is
similarly like distribution of power not a unit-lel/variable and thus it will be analyzed
elsewhere. Furthermore, | see no reason why tadegent of territory as one of the

most important factors in the system of internalaelations. True:

[p]rior to the modern age, and particularly priar the Industrial

Revolution, conquest of territory was the primargans by which a

group or state could increase its security or vealt In fact, until the

technological revolution of the late eighteenthtaey) the international

distribution of territory and the distribution obwer and wealth were

largely synonymous. (Gilpin, 2002: 23)

But this is not the case any more. Germany hasalisthe same area as Vietnam (they
are alike even in size of populations), and dtdlit impact upon international politics is
incomparable. Shifts in capability levels can begreover, easily understood as
incorporating also the possibility of territorighange, even if this is increasingly rare
today. Similarly, when speaking about importancgebdgraphy, most scholars have in
their minds the ability of particular geographi¢ahtures (oceans, mountains etc.) to
separate states and hinder or facilitate theirscbmsder interactions. | don’t want to
mingle with the critical geopolitics and its integpation of spatializing practices of
classical political geographers from Mahan and &ata Mackinder, Spykman and
beyond (O Tuathail, 1996), even though | considdtical geopolitics enormously
insightful with respect to unveiling the (in)statyil of what particular geographical
features represent. | simply regard geographiaaicpdarities of individual states as not
important enough to be included in the model. Theganing and significance is
anything but fixed. It shifts in time and conteand is usually only a result of other,
more important traits present in the internatioeddtions system of states.

How borders are drawn is for instance often a maifechance, prevailing
power interests, and/or simple disregard of cood#in loco. You don’t even have to
look for examples to Africa and its colonial erarders drawn on a principle ‘first
come, first served’. Central Europe is immensegpiring as well. Of course, you have

the city of Berlin divided for almost thirty yeaby wall, but what is that compared to
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pushing the whole Poland hundreds of kilometerstwasls after the WWII or
demarcating boundary between Czechoslovakia andStwet Union in 1946 right
through the 700 years old village of Slemence fbainext sixty years lacked even a
simple pedestrian border crossing. Arc of the Garpa Mountains looks like a perfect
natural boundary and actually for centuries it espnted the border of the Kingdom of
Hungary. Although Russian army managed to crossiientains in the early 1915 and
captured few cities in what is now eastern Slovatkia same feat was enormously hard
to accomplish for Red army in the WWII as exemetifiby the battle of Dukla pass.
Yet after the first partition of Poland the Habspuwlonarchy acquired Galicia just
north of the present day Slovakia and hence forymgars abolished the role of
northern Carpathians as a bordering region. Trefalyianon did the same with respect
to southern Carpathians by redrawing the bordevdext Hungary and Romania.

| intentionally restricted myself to fewest possilalssumptions about agents. As
obvious from what has been written above, tryingntmdel geographical particularities
of individual actors, which seem more to reflea ihfluence of other variables than
being a defining feature of international relati@msits own, invokes a strong feeling of
pointless enterprise. Therefore, states in my mbdet spatial character that enables
formalizing their position, but they are alike withspect to all other geographical
characteristics like number of neighbors or extdriind area. Agents also demonstrate
certain level of capabilities, which renders th@assification possible. And finally, they
can use their memory as well as some rule of behavinteractions with other players.

Rationality is in no way a necessary condition.

3.3. Environment

Image gets a bit more complicated when we stamiifmg into the system. In this
subchapter | sketch the way how to analyze envierinof states. | say environment
because | do not consider wastituctureto be an adequate description of what must be
taken into account when dealing with systemic lenfeinternational relations. In this
thesis, but also in other agent-based models giynehe environment:

“could be landscape, for example, a topographynéwable resource ...

However, the environment, the medium over whichnégénteract, can

be a more abstract structure, such as a commumcagtwork whose

very connection geometry may change over time. gtiat is that the

"environment” is a medium separate from the agemsyhich the agents
operate and with which they interact.” (Epsteinxtel, 1996: 5)
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Again, this definition nicely demonstrates the commground between agent-based
modeling and constructivism in that agents interaatt only with themselves but also

with the environment, and that the character of@heironment can change over time
thanks to those very same interactions. | undedsthis medium as containing both

structural and non-structural elements, even ihbexist on the systemic level. An

example of the first is payoff matrix, an examplere second is noise. | deal with them
in the same order, but first | need to explain whaean by the structure itself.

As already pointed out, Waltz recognized only urdtsthe micro-level and
structure at the macro-level as two constitutiveagaf the system. While focusing on
the structure in order to offer analytically bettencept replacing allegedly vague ideas
like that of environment, or milieu, he identifiedree variables capable of bringing
about change of the system (his theory completisiedarded particularities of agents).
These areordering principle which in case of international relations is ahgrc
functional specificationwhich is nonexistent among states, and findlstribution of
capabilities which corresponds to preeminent position of grmaters (Waltz, 1979:
100-101). Such a definition of structure is, howevaore harmful than helpful and
Wendt rightfully criticized Waltz for delimiting dructionist theories as those concerned
with properties of agentand/or their interactions (Wendt, 1999: 145; see alsot¥yal
1979: 18). In trying to make a clear distinctiontvieen levels of analysis Waltz
destroyed all the bridges usually represented tgractions, rules, and practices that
connect units with structure. He thus renderedtihéory extremely static both with
respect to change in distribution of capabilities aell as with respect to mutual

constitution of agents and structure (see Rug@&831Gilpin, 2002).
One problem with Waltz's formulation of the unit#d / structural
distinction, therefore is that it ‘reifies’ structuin the sense of separating
it from the agents and practices by which it isquwed and reproduced.
... The other problem is that by assigning the stoidinteraction to the

unit-level, a topic that has an inherently outsid¢emergent] aspect is
removed from the definition of the systemic proj€g¥endt, 1999: 146)

Waltz merely described how the international rekadi system looks like, but not how it
evolves in time. Though, Wendt's reformulation e§@ment that concerns structure
didn’t help either. He tried to reconcile individisa and holist views with help of

Giddens and his structuration theory. AccordingMendt, structure should be analyzed
by means of two levels (micro and macro), two dffgcausal and constitutive), and

two things (behavior and properties). This divisgimes us two 2x2 matrices. One for
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macro structure of multiple realizable outcomes #m&l other for micro structure of
agents’ interactions. Rational choice theoriesséteated in the latter’'s upper-left corner
that is concerned with causal effects of interadicstructure upon states’ behavior,
while constructivism is placed in the former in Iaver-right corner focused upon
constitutive effects of macro structures on praperdf actors. Such reconceptualization
of structure is maybe better or more justified viefithe systemic level of international
relations than that of Waltz, but certainly not meomprehensible or definitive.

| have no problem realizing the importance of riat¢éions for any model of
international relations and | perfectly understahdt these interactions can have
structure on their own. But the label ‘structurardéractions’ used by Wendt is not the
best name for what he had in mind, sirgteucture of interactiondn agent-based
modeling commonly denotes stable pattern of intemas occurrence (who interacts
with whom and how often) rather than the way hovingiaand losses of individual
players are strategically interdependent (as famete in the Prisoner’s Dilemma).
Unfortunately, Wendt used the term ‘structure déiactions’ in the latter, not in the
former context. At the same time | consider Waltzfsaracterization of structure of
international relations system to be more usefulfwther development than that by
Wendt. Even though it is not as all-embracing a&sl#tter one, it is nevertheless more
intelligible and much easier to modify into therfgrin which it will become highly
plausible. Moreover, what Wendt meant by micro lefanteractions is the very same
thing | want to add to Waltz's three definitionadatures in his portrayal of the
international relations structure. Such a modifa@atwill overcome the precarious
neorealist subsumption of interactions under wel of analysis, while trying to keep
as much as possible from Wendt. The following mateipresents four main structural

characteristics that | would use when dealing witarnational relations. And although
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I’'m primarily concerned with international politicé believe the modified version of
Waltz's ideas can also put some light on structuregeneral.

As apparent from Figure 2, we must approach syststructure of the model
proposed in this thesis from two different vantggénts simultaneously. We need to
distinguish structural characteristics both fromnpaf how we can recognize these
features themselves, and also from a point of ptessmpact that changes in these
characteristics can have on the system. Hence tfewestructural factors: interactions
space, distribution of capabilities, functionalfeientiation, and ordering principle, of
which the last three correspond to what has Walliitem about structure of politics (see
chapter 5 in Waltz, 1979). Necessarily, such affddrconceptualization of structure is
first and foremost an analytical convenience. Noctstseparation exists between
individual features. Functional differentiation ajents is usually related to ordering of
the structure, yet these two characteristics can revertheless, better analyzed
separately since they focus on different aspectstrocture. The same holds also for
possible relationships between distribution of ueses and ordering principle, or
between the latter and interaction space. After allen if formalizing mutual
interdependence of these four features can fugh&arge the scope of the model to
include periods when system was not dominated gremn states, this is not a goal of
my thesis that pays attention to the system oitoeial states.

Let me explain four above mentioned defining cbemastics of structure more
thoroughly. Since | believe in their applicabilitypon structures generally, | will also
use several examples of other systems (besidesthaternational relations), whose
structures can be analyzed in the same mannert, Rirglistinguish structural
characteristics by the way how they can be receghiBoth, distribution of resources
as well as ordering principle, are static variabiksognizable by observing the status
guo in the system. Conversely, interaction spacg famctional differentiation are
dynamic features that can be identified and desdribnly by observing how agents
interact in practice. Second, | make a differenegwken ordering principle and
functional differentiation on the one hand, andribsition of resources and interaction
space on the other. This difference is based omipact that possible changes in these
characteristics can have. In other words, it canetith distinction between what Waltz
called systems change and change (of structurdlinvihe system (1979: 100-101).

Any modification of ordering principle or functiohalifferentiation leads towards
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systems change. Variations in distribution of reéses and/or interaction space bring
about only changes of structure, not of the whp#tesn (see also Gilpin, 2002: 39-40).

For better understanding of what | mean by fouucdtiral characteristics that
results from two distinguishing categorizations need to look at the international
relations system and maybe some other exampleselis Starting from functional
differentiation of its agents, Waltz rightly claichethat states in the international
relations system are like units with respect to whay strive for - security. The same
holds also for firms trying to increase their ptaffility on the market, but transport
routes (viewed here as agents of traffic infrastme) in form of railways, highways, air
corridors, or pipelines, all serve to transporfatént cargo in a different way and are
thus functionally different too. Dynamic naturefahctional differentiation is apparent
only after actually seeing states (agents) perfogntheir choices of action. Only then
you can realize that they are like units. Now imagihat there are states in the system
that don’t care about security (being a friend omsbody and therefore seeing its
security as interconnected with one’s own is na #ame thing). If in such an
environment these actors survive and are not editad) then this represents an
enormous change of the system (probably towardgemrbhic one), because under
present conditions any such a state is infinitejyl@table. As Waltz put it:

Hierarchic systems change if functions are diffdyerdefined and

allotted. For anarchic systems change derived frdm second

[functional] part of the definition [of structuregjrops out since the
system is composed of like units. (1979: 101; s$ee H04)

Of course in reality there are different degreed aramples of striving for security.
Great Britain provided security for its colony ofdia until it became independent unit
of the system. In reverse, Czechoslovakia was dep@endent state but it failed to fight
for its security both in September 1938, and Mdr@B9 with outcome of losing its own
sovereignty. The same happened to the same stdeiralAugust 1968 even if its
lacking independence in foreign policy was alrealdyious for long. The question here
is not whether the result would have been differédn€zechoslovakia fought for its
freedom. The issue is much more how possibly ctialde Czechoslovakiaurvived
without interest in its own security unless in angtetely different system.

With respect to ordering principle, anarchy as ataphor for international
relations system is universally accepted. Effedtamarchy, on the other hand, are

undisputedly less settled. For Waltz the anarchg self-help system where “[T]he
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international imperative is ‘take care of yourself1979: 107), which results in
balancing behavior. Wendt, however, argues thaheeself-help nor balancing follows
logically from anarchic structure of internationadlitics, and that they are merely
results of states’ repeated interactions (1992-894lthough | agree with Wendt in
general, | don’t need to solve this problem herarig detail. The issue of what anarchy
leads to is related to interactions, behaviorategies, and other rules governing the
system, which will be dealt with in the next subotes. For now it suffices to say that
there is no supreme authority above sovereign sstateindependent agents in the
system. What has already been said is that chamg®edering principle represents
systems change, such as from anarchy to hierarghg, is often connected with
functional differentiation. What has not been saidhat to recognize anarchy among
states we just need to look at the status quo ensistem and see that there is no
policing corps that enforces universally applicalbidge of law and no courts to
authoritatively settle disputes among nations. éuih Allies of the WWI, International
Court of Justice, and resolution by arbitrationluahced the border dispute between
Czechoslovakia and Poland in the 1920s in regiériSieszyn Silesia, Orava, and Spis
at least as greatly as outcome of the Seven-dayneae of that prevented Poland from
taking its part of Czech cake during the Municlsisriin autumn 1938. In a similar
manner Slovakia eagerly assisted Nazi Germanysimatiack on Poland in September
1939 and annexed parts of Polish territory adjatentegions of Orava and Spis. In
1945 the Czechoslovak-Polish border returned telpB8 status but it was only the
bilateral agreement between them that definitively endediisute in 1958.
Nonetheless, there are still great powers withehagpact all around the world.
Together with less powerful states that hardlyrade with their own neighbors they
give birth to what is called distribution of resoes. Waltz called it distribution of
capabilities (1979: 97ff), but unless we want tlgpit only upon the system of
international relations, the termesourcesis more appropriate thawcapabilities
Resources is a more general term that can incltatess power, market share of a
company, or various forms of capital (Bourdieu, 998 human societies. All of them
are structural, or more precisely relational, pmeeoa (for relational character of power
see Gilpin, 2002: 158). In case of internationdatrens, level of capabilities (payoffs
gained) is a way of classifying states as agentsnyn model. And this level of
capabilities is justly seen as a property of agey®s power is a structural variable par

excellence and it is defined by tligstribution of capabilities in the system (Waltz,
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1979: 192 and also 98). This distribution can bmilarly as ordering principle
recognized usually by a simple observation of stauo and some even attempted to
quantify it (Singer, 1987). One didn’t need to waitil September 1, 1939 to know that
if Nazi Germany decided to attack its eastern ri@ghPolish cavalry would not be able
to stop German Wehrmacht. Distribution of resounsegertheless cannot change the
system. What it does change is only the structbitheosystem. You won'’t get different
traffic system simply by widening the highway frotwo to three lines in both
directions. Similarly, you won't get hierarchy ieatl of anarchy, if the structure is
multi-polar instead of bi-polar or vice versa.

Three previous structural characteristics wereaaly mentioned by Waltz. What
his theory of international politics is lacking tise interaction space, or what Wendt
called microstructure of interactions. This intdi@t space represents a background on
which interactions of agents occur. Take a trartsipfrastructure as an example. You
have roads, railways, air corridors, and sea rdutiéyou won't get the whole picture of
the system, if you don’t pay sufficient attentiontérminals (i.e. intersections, seaports,
airports etc.), where these agents (transport spugget in touch with each other. And at
the same time you actually need these agents tmmirate some activity (here the
action is cargo arriving by a ship, or train, ap&ne) in order to know how interaction
space facilitates agents’ encounters. In case tefriational relations (and also my
model) the interaction space includes two elemeftse first one is related to
geographical character of agents (states) and gimeans that they are unable to move
and that they interact within a spatial world inig¥hthey are positioned in relation to
certain number of neighbors. This spatial worldnisny model portrayed as a closed
environment with each cell representing one stadea consequence of closed character
of the environment, cells at the one end of playgpgce are neighbors of those at the
opposite one. Resulting shape is the easiest waytbhdormalize the real world of
interconnected spherical Earth.

Yet there is also another element with respectinieraction space of
international relations and since my model is agdmeoretic one, this must be a payoff
structure. As in the real world, actors in my moaled functionally alike and anarchy is
unalterable as well, but capabilities may shiftadite If we don’t want to end up with
essentially static model/theory like that of Walenmd if our intention is to enable
change in the levels of capabilities as a resulitafes interactions rather than of their

domestic particularities, we must define possilleices of agents and also outcomes of
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all their interactions. Interaction space as a ffayatrix of the game played by states
does precisely that. It stands for a dynamic stmattcharacteristic since it is tightly
connected with interactions of agents (states) lmckv outcomes of players’ actions
depend also upon opponent’s behavior. In game yhias is called strategic situation
(Nicholson, 1992: 57). But at the same time anyngkain payoff matrix causes only
structural modification of the environment, not oba of the system itself, because
interests and preferences of interacting playeetdgs) are sometimes compatible, but
on other occasions or in interactions with otheoiscthey are not. Furthermore, they
may even change during the game as in case of (Rephblic and Germany. Their
interests as EU and NATO member states are conhgpattilov in most of the cases, but
that was hardly the case of Czechoslovakia and Nzeimany in the 30s, or
Czechoslovakia and West Germany during the Cold. Whr goal in the following
subchapter is to try to find the starting pointadif interstate interactions from where

they can gradually move either towards friendshipromity.

3.3.1. Prisoner’s Dilemma Payoffs
Every model is a simplification of reality focusimanly upon the most important
features. Here, the payoff structure does the shyn&rying to represent elementary
form of agents’ interactions. It consists of avialéachoices of action of interacting
players and it determines payoffs received aft@reypossible outcome of the game.
Payoffs stand for individual’'s ordered preferenoger outcomes and rational agents
choose from available choices of action so that thid maximize their utilities (this is
at least the story of classical game theory). H@wreutilities of different players are
basically incomparable and their symmetry, i.e. sgayoffs for different actors if they
get into similar situations, is more a mater ofvamence that was skillfully utilized in
agent-based modeling, than a well received scientfact (see the whole
relative/absolute gains debate). Thus we havelasic simplifications if we attempt to
apply any payoff matrix on some segment of realifpey are: number of actors
interacting with each other; number of availableicés of action; ordering of actors’
preferences; and symmetry of utilities that indiseenables adding up of payoffs and
comparison of players’ success during the game.

In case of my model | assume pairwise interactiohglayers, who decide
between two options (cooperation and defectiorthexsymmetric Prisoner’s Dilemma

game. | will deal with pairwise interactions lategether with otherules governing
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who interacts with whom and how often. With resgeabther three assumptions and in
accordance with what Snidal has said, | will tryjustify them theoretically as far as

possible instead of inferring them inductively. Sk@nables paying close attention to
(shifts in) preferences and interests as diffefesrh outcomes, strategic calculations
and particular actions (Snidal, 1985: 43). Hencaor’'t want simply to pick up some

payoff matrix and then to try to apply it upon aanmy real world examples as possible. |
would like to do it the other way round. Analyzee treality theoretically and find the

most suitable payoff matrix available.

The first simplification | want to deal with isg¢hassumption of both players’
binary choices between cooperation and defectiongdme theory this common
assumption causes little problem, but in intermatiarelations one can point out that
there are many more shades of black and white. ‘Gdfenition of cooperation and
defection [in international politics] may be amboms.” (Oye, 1985: 15) Only two
options being at one’s disposal may seem as totrictege and not mirroring
sufficiently the realities of the internationalagbns system, where multilateralism and
ambiguity often prevails. However, | agree with Dwmy Rocke and Siverson (1986:
140), who in their analysis concerned with armsesadeclared that such a
simplification “is useful in that it eliminates m@nunnecessary complications.”
Hopefully, this holds even for a more general lenfehterstate interactions as such and
not only for arms races.

Yet there is another problem of what Snidal (se@5196-47) callednterval-
level payoffsand which can be understood in two different ways the one hand and
in contrast to simple ordinal-level, interval pafgofare closely related to above
mentioned comparability of individual actors’ pafgfand their gradual adding up
during the game. On the other hand, interval-Ipasloffs can also represent different
degrees of cooperation. Many times, the key to dyaahanges in payoffs is variable
investment (i.e. cooperation) ratio of particuldayer. Actor chooses not between
simple cooperation and defection, but from différdegrees of investment. Player can
for example invest more after mutual cooperatioriess after mutual defection. Higher
investment consequently offers greater rewardpjfoment reciprocates, but also greater
risk, if (s)he does not. Provided that resultinggia matrix stays within the limits of
one type of game (e.g. Chicken, or Deadlock) sehatbeginning of the simulation,
then interval-level payoffs understood as variaaleperation ratio provide only higher

and more interesting dynamics, rather than radicdifferent outcomes, when
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compared to consequences of simple binary choiteele® cooperation and defection.
Moreover, | included in my model another mechangrouring variability of payoffs
than that of different degrees of cooperation. fiighly praised dynamics will thus not
be impeded.

What seems more important is the preference orgleover four possible
outcomes of interactions, in which two sides dec¢iden two options giving thus rise to
2x2 payoff matrix. This order then determines wkiatl of game represents anarchic
environment of international relations most propewith respect to that | argue that it
is actually the Prisoner’'s Dilemma payoff matriattbest corresponds to how states
interact in anarchic environment. While making noinp | proceed in several steps
beginning with realism and Hobbes’s theory of naltstate, towards Michael Taylor's
argument about identity of that natural state drel Rrisoner's Dilemma, and closing
the argument by stressing a difference betweenlessigpt and repeated games as
important factor when applying Hobbes and the PRess Dilemma upon anarchic
system of international relations.

Highlighting the links between realist ideas oe thne hand, and Hobbesian
natural state as a depiction of anarchy in intéonat relations on the other, can be
hardly seen as a radically innovative achieveméntyomodel. Many scholars did this
before. Following Knutsen’s statement is just oxaneple:

Realist theories address the interstate systemir ey theoretical

preoccupation is the old question of how order barmaintained in a

system of sovereign states. The first modern teedd address this

guestion was Thomas Hobbes. He was one of thetfiestrists to make

an explicit analogy between international inte@ttiand the state of

nature. This analogy has subsequently been elaubkat others, and is
now a key image in realist theories. (Knutsen, 12%4)

Also Wendt described the common points of realisih ldobbes’s writings (1999: 252)
and similarly as Knutsen stated that “[A]lthoughere is no necessary connection
between a Hobbesian anarchy and Realism, it isumaidink to assume” (Wendt, 1999:
259). Actually one of his three cultures of anardie Hobbesian one, was explicitly
linked to realist scholars and thinking (Wendt, 29962-266), even though references
to Leviathanwere absent. So what is that natural state acuptdi Hobbes that should
mirror and also inspire the realist understandihgnmarchic environment of states?

Best description of the state of nature as vielmetHobbes and of international

relations as viewed by realists is that they cqgoes to “war of every man against
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every man” (Hobbes, 1998: 85). But why so? Firstmuest realize that in all men there
is a “restless desire of power” (Hobbes, 1998: 88)ich strongly resembles classical
realism of Hans Morgenthau (1993: 5ff & 29). Furthere and according to Hobbes, in
condition of no supreme authority, there is no @léar cooperation, no law or justice,
and no means how to arbitrate between individuedsrithg the same thing. For Hobbes,
every man has only the right of nature to defeneketf as seen fit and thus at the end:
there is no way for any man to secure himself, sasonable, as
anticipation; that is, by force, or wiles, to madtee persons of all men

he can, so long, till he see no other power greatigh to endanger him:
and this is no more than his own conservation retju(1998: 83)

This is an exact match of what offensive realistakd@eimer wrote about international
politics (2003: 33-36). In such a state of univergar where “every man is enemy to
every man” life is “solitary, poor, nasty, brutisimd short.” (Hobbes, 1998: 84) Result
of such a situation without any law-enforcing auityois what another realist Kenneth
Waltz described with respect to international jpagitas a self-help system (1979: 91 &
105 & 118), where, to use the words of Hobbes, fewean will, and may lawfully rely
on his own strength and art, for caution againsbotder men” (1998: 111). In fact
Hobbes even pointed out that sovereigns (kingspamtiaments of different countries)
are precisely in such a state of nature as assumexist between men before the
creation of government (1998: 85). All these fastoemphasis on power, lack of
supreme authority, conflict of interests, and $elip principle, inspired generations of
realist thinkers when pondering about anarchicairenment of international relations.
Yet how can we formalize in game theoretic ternestobbesian state of nature
that is similarly as the international relationssteyn characterized by absence of

government? Michael Taylor tried to do preciseltthrguing that in:
‘state of nature’ men find themselves in a PrisshBilemma; that is to
say, Hobbes is assuming that the choices availebleach man (or
‘player’) and the players’ preferences amongstpibssible outcomes are
such that the game is a Prisoners’ Dilemma; andPtisoners’ Dilemma

is the only structure of utilities (out of a very large numbef
possibilities) which Hobbesiusthave assumed to obtain (1987: 129)

Following the argument of Taylor, we should firglalize that the famous dictum of
Hobbes that “covenants, without the sword, arenmrtds” (1997: 111) implies not only
absence of law enforcing authority but is also § feature of all non-cooperative

games including that of the Prisoner's DilemmatHhis game, mutual cooperation is
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collectively optimal solution but mutual defectimthe only Nash equilibrium. Because
no one can enforce cooperation, individual ratibpdads players to defect, and hence
receive lower payoffs than if they both cooperatat this is just a restatement of what
Hobbes said: “every man, ought to endeavor peawepfration], as far as he has hope
of obtaining it; and when he cannot obtain it, thatmay seek, and use, all helps, and
advantages of war [defection]” (1997: 87). For Hesklpeace is clearly better than war,
but only government can provide it and that is thason for people to create a
commonwealth with a sovereign. Nevertheless, irrcdryathe only rational action for
him is war. Even though peace is impossible and isvarecessary, there are still two
other outcomes in the Prisoner’'s Dilemma, nameljateral defection and unilateral
cooperation. With respect to them Hobbes wrote:t“Bother men will not lay down
their right [i.e. cooperate], as well as he; thiear¢ is no reason for any one, to divest
himself of his: for that were to expose himselfprey” (1997: 87) and similarly: “he
which performeth [cooperate] first, does but betragself to his enemy; contrary to the
right (he can never abandon) of defending his Eed means of living” (1997: 91).
Thus we can say that based on Hobbes thinkingatendl cooperation is even worse
than mutual defection since the individual who aapes in such a way in fact gives up
without any resistance and therefore loses evewtlis)he has. In a same manner
unilateral defection must be better than the mutured, since the other (cooperating)
actor makes no effort to check the defecting playeower. Finally, unilateral defection
has to be also more beneficial than mutual coojerabecause otherwise there would
be no need for sovereign to establish peace amdaen€ovenants since defection would
not pay off anyway. To sum up the argument that fivasprovided by Michael Taylor,
Hobbesian state of nature corresponds exactly @oRfisoner’'s Dilemma order of
payoffs, where unilateral defection is preferredmatual cooperation, the latter one
then to mutual defection, and the least populac@mut is unilateral cooperation.
Another problem, however, still remains. It is l@ar whether Hobbes had in
mind repeated, or only one-shot interactions odr@acfmen or countries), when he wrote
his Leviathan(see Taylor, 1987: 134). The pessimistic outlobkis theory indicates
the latter case, because it is the single-shobReiss Dilemma that makes cooperation
impossible. On the other hand, Michael Taylor letwgards the former alternative. As
with power and security dilemma (see the issuerokimate and ultimate goals above)
an answer is maybe a bit more complicated. Modigisty Hobbes understood that men

and countries interact repeatedly, and there aen eome hints pointing towards
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reciprocity in his writings. However, he was clgawhable to think of any other way of
promoting peace and cooperation except for by aesup authority of governing
sovereign. This is fully understandable since hetaiteviathanmore than 300 years
before Robert Axelrod proved the possibility of pemation among egoist in the
repeated Prisoner’'s Dilemma game even without sayer But the consequences of
Hobbes'’s views were really unfortunate.

What was originally just a pessimistic conclusidmoalysis of interactions (war
of all against all in condition of no governmeribjat was caused by at that time limited
knowledge of the problem concerned, turned graguatb a priori realist assumption
of inherently conflicting interests of states: ‘short, realists view the world as one of
constant competition for control over scarce goofsis is the second of three core
elements of realism according to Legro — Moravcd®99: 14-15). This is of course
part of the characterization of realism from theaments’ point of view, but one can
hardly deny the plausibility of conflicting intetesas a symptomatic feature of realist
writings (Karasek, 2007: 12; if someone ever ttiedieny that after all, see Feaver et
al., 2000 with one exception of Wohlforth). Simijarwhen Wendt assigned a role of
enemiego actors in Hobbesian culture of anarchy thatmmies above all relative gains
concerns and worst-case scenario expectations,aeright in stating that this realist
assumption must be “constituted by shared ideasbycanarchy or human nature”
(1999: 260 and also 262). Yet he was wrong in doimggsame realist mistake of not
seeing the 300 years old false conclusion of ia&lé conflict that Hobbes draw from
his analysis of anarchical environment (but seedrea Wendt, 2002: 64).

To use Schelling’s terminology (1963: 83-89), garaégure conflict are zero-
sum games, in which gains of one player are neabssgual to losses of the opponent.
On the other hand, the Prisoner’s Dilemma is a emzum game with mixed motives
of conflict and collaboration. Thus if interstatgaractions correspond to the Prisoner’s
Dilemma matrix as shown above, then actors’ intsreannot be purely antagonistic as
realists (and Hobbes) tend to believe. Their metagessimistic perception of anarchy
as inevitably leading to conflict was caused by bisis inability to see the possibility
of cooperation among nations without supreme aihdut as far as his description of
the natural state suits the Prisoner’s Dilemma roadfepreferences, this bleak realist
perception of anarchy is unjustified. Both confliectd cooperation are possible in such
an environment thus making the Prisoner's Dilemneafgut starting point for

emergence of amity and enmity.
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None of that, however, answers the critique of &fpased modeling by realist
scholars that turns attention towards relative gjaimd the way how payoffs are divided
among interacting players. What Grieco (1988) dituznallenged was thaeoliberal
contention about possibility of greater cooperatioler anarchy (Keohane, 1984), but
neoliberals in fact relied in large extent on theults of Axelrod’s tournaments. When
deriving their conclusions, both agent-based madelnd neoliberal theory used
absolute gains concern that disregards other ptagayoffs. Yet according to realists,
the more conflicting and competitive is situatiorthe system, the more should players
pay attention also to relative gains and the way fains are split, so that present or
future opponents would not become stronger.

This problem is closely related to commonly assurpegioffs symmetry in
game theoretic models, because the same payoffodtin players after mutual
cooperation reasserts the existing balance of pawand only if both actors had the
same initial capability level. If the interactindapers had different power, payoffs
symmetry causes their capability levels to be gaiguadjusted bringing thus about
change within the system at the level of distribitof capabilities and simultaneously
enabling voluntary loss of power. Such a resubatly contradicts assumed intention of
states to maintain own position in the system a@ckessarily invites realist criticism
from the position of relative gains concern. In thedel | assume symmetric payoffs
for both interacting players too, i.e. the same offaynatrix. In spite of realist
objections, | argue that symmetry of payoffs isedsible generalization irrespective of
relative or absolute gains concern (Halas, 2008 @rucial point is how we define
relative gains and the sensitivity coefficient. gbmal formalization of relative gains
paradoxically paid very little attention to powensition of states in the system and,
therefore, it asked for certain reformulation. Thogic behind this reformulation
required that if actor paid attention only to rafatgains, its power position vis-a-vis
interacting partner before and after the interactimust remained unchanged.

With respect to sensitivity coefficient that det@res how important relative
gains are, two power-related factors influencingpiiovide useful simplification of
several neorealist hypotheses concerning impapbaer upon relative gains concern.
The first one says that the bigger is tag@ability gap between two playetke less they
pay attention to relative gains when they intenath each other. This makes sense
intuitively since marginal utility of additional itnof relative gain is decreasing with

increasing power advantage over interacting paramer it can be inferred even from
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realist argument (Waltz 1979: 195). If there isyéttle competition between two
parties (USA interacting with Vanuatu), absoluténggrevail. The second factor says
that the better is youposition in the systenthe less you care about relative gains.
Intuition behind the argument is simple again. Téwer states one has to fear, the less
careful it is and thus also less attention it paygelative gains. Argument can be
inferred from what Waltz stated about large unitsiestically acting for the sake of the
system (1979: 198) and also from what Olson saiutbsystematic tendency for
‘exploitation’ of the great by the small!” (19719R Coefficient itself is then an average
value of these two factors.

Now what is the effect of relative gains reformidatand sensitivity coefficient
formalization? To show that symmetry of payoffsasvalid assumption consider
common situation in which there are usually onlgnew great powers and the number
of actors gradually increase as we descend on ptadeier. All similarly powerful
states would have the same first as well as thensefactor and comparable capability
levels would also cause that according to the fastor they would extensively care
about relative gains in their interactions. Thisveger means that similarly powerful
states will receive similar payoffs. Now considtates with different power positions.
If some tiny state interacts with great power, sectactor says that it should care a lot
about relative gains since there are plenty ofraihg states that it must protect from. It
will therefore strive to gain as much as it cancémtrast, second factor in case of great
power will be especially low because it has very fates to fear. Since the first factor
would be low for both players because of the goagiability gap between them, the
great power would at the end necessarily care rfasshthan its weaker opponent about
gains it receives. Their gains would thus be muabremsimilar than their power
positions thanks to unlike sensitivity coefficiengsulting precisely from greatly
different power positions.

| showed the same on two real world examples dfildigion of capabilities
based on data from Correlates of War project (H&@89: 47-51). Similarly, Christina
Davis pointed in the same direction, when she wabi@ut unilateral concessions of the
USA towards its weakened allies shortly after th&VWVthat contrasted with US
demands for reciprocal adjustments from the 70dhéuron, when economies of Japan
and Europe strengthened (2009: 178). What | argueisf that the assumption of
symmetry of payoffs is a useful generalization ttaat be based even on realist thinking

and that corresponds to reality fairly well too.eféby | finished what was intended as a
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theoretical exploration of what payoff matrix capends to elementary form of
interstate interactions. This part also closed itmnestigation of fourth structural
characteristic, namely that of interaction spaced @hus also of structure of the
environment as such. What remains is to deal wothstructural factors in my model of

the system of international relations.

3.3.2. Non-Structural Factors of the Environment (Noise)
Environment of international relations has, besi@ssstructure, also non-structural
characteristics that influence interactions ofesatn my model | included two of them:
misperception and misimplementation. They represemnt distinct effects of noisy
environment. The former represents mistaken ing¢ation of opponent’s cooperation
as defection, or vice versa. The latter standsifieccurate execution of a given
decision, when player defects instead of applyingimeally intended cooperation, or the
other way round. Both of them are common humanreramd can be of course well
explained as unit level phenomena. For example witna hard of hearing condition
can understand and interpret sounds in a wrongamdyperson with dysgraphia is often
unable to correctly put his/her thoughts on pajet.these individual idiosyncrasies are
present only in some, not all agents. Probabili$éatures of several behavioral
strategies used by actors in my model can havesmmar effect. What | am interested
in are not unit level causes of players’ mistakes,those at the higher, systemic level.
Noisy environment in this model is a feature wéttmparable impact upaal

players irrespective of their idiosyncratic diffeces. Unlike simple mistakes caused by
individual deficiencies and imperfections, those caused lgenuas their roots usually
in complexity of theenvironmentAs in the case when aggregate level of the mgrnin
rush hour noise makes it difficult to sleep nextite open bedroom window facing the
main road or to focus on the work properly, so asmense number of information and
interactions in the world renders perfect analgsid evaluation of situations by states
impossible and often prevents players from achgvdentity between intended and
attained results. States and their leaders thusaeittain low probability make mistakes
too. By enabling both misimplementation of one’s nowlecisions as well as
misperception of opponent's behavior as two diffeedfects of noise | try to improve
realistic character of the model and increase ytgathics. Ability to determine “what
others are doing and to make appropriate responseafter all one of the four key

factors influencing security dilemma and cooperaamong states (Jervis, 1986: 62).
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Without taking into account the possibility of falg interpreting surrounding
environment and opponent's behavior (on issue afepéion in international politics
see Jervis, 1976), or the small chance that ouersrdvill not be duly carried out
because of noise, it would be hard to offer a sigfit explanation of many important
events in history. Impact of Soviet leadershipisraiher Stalin’s cognitive closure, on
situation in the first days after Nazi attack; strog down of Korean airliner above the
Sachalin peninsula; reasons for starting the seamad in Iraq; or failure to pass
advance Norwegian notice of coming rocket launchetevant officers within Russian
army, all these cases are examples of how infoomatie sorted, analyzed, and used in
decision making processes in noisy environmenttafrnational relations.

Yet similarly as elsewhere, we don't need to limurselves to great power
interactions and worn out examples from the Cold.V@mn occasion of unveiling the
statue of the first Hungarian king and saint, Segph, in August 2009, Hungarian
president Laszl6 Soélyom planned his private viditStovak border town Komarno,
citizens of which are mostly ethnic Hungarians arbse former southern part on the
other bank of Danube belongs to Hungary since ®nat®ne can be fairly sure that
president’s intention was anything but to insutivdlks, yet the unveiling ceremony was
unfortunately arranged to take place or' Zugust, i.e. on the very same day that
people commemorate the anniversary of 1968 Warsmt iRvasion of Czechoslovakia
in which Hungary participated. Lack of appropriatéormation lead Hungarian side to
expect that there would be no problems with thergbei visit, but the reality was
different. Slovak government took it as amtentional insult and denied Sélyom (the
president of neighboring country!) to cross the deor bridge over Danube, an
unprecedented step in situation when both courdiiesnember states of the European
Union. Stated in terms of the proposed model, Zfakformation caused that instead of
being a low-profile private trip, S6lyom’s visit gfired as a defective move that

Slovaks moreover misperceived as intentional.

3.4.Rules
The last part of the international relations systemd of my model, that remains
unexplained after finishing the portrayal of theviemnment few lines above are rules
whose role according to Kaplan (1962: 13) is tocdbs relations within and between
levels of the system. These very same rules athittekey element of all agent-based
models Epstein and Axtell subdivided based on wdrettey govern relations between
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agents, between agents and environment, or betdiferent aspects of environment
(1996: 5). But it is also constructivism that stesimportance of rules:
Rules make agents out of individual human beingsglwyng them
opportunities to act upon the world ... Through thasts, agentsake

the material world a social reality for themselva&s human beings.
(Onuf, 1998: 64)

The same of course hold for states as agents teoinAany social system, rules
determine available choices and tell “agents wigohls are the appropriate ones for
them to pursue” (Onuf, 1998: 60). Rules are sinthly link between different parts of
the system that makes possible its functioningdymamic development.

In previous sections of this chapter | paid a ditthit more attention to
argumentation of rationalist theories (neorealisgame theory etc.) than to
constructivist reasoning. | will change that nowisl above all constructivism and its
proponents, in contrast to rather static rationglithat look at the international politics
as on a dynamic process of mutual constitution ggnés and environment (Wendt,
1999: 184; see also 1987). And rules are respangitdcisely for that. Focusing upon

rules, however, doesn’t necessarily mean idealism:
Constructivists do not deny the reality of the mateworld; they argue
that the material world only has meaning within ttentext of social
rules. A particular distribution of material capi#tes cannot tell us

much about world politics without knowing the domuim beliefs, norms
and identities of the relevant agents. (Duffy —denking, 2009: 326)

In the following three sections | will try to deérrules that shape international system,
and control functioning of my model and its pa@pecial emphasis will be laid upon
how rules connect different parts of the model dmlv these linkages affect
constitution, functioning, and interactions of atgeas well as environment. Those three
sections that ensue are in the following order acktdd to patterns of agents’
interactions occurrence, behavioral strategiestates, and finally to development of
(dis)trust among states via shift of mutual coopenapayoff. To what emergent

phenomena (if any) this possibly leads is the sulgeanother chapter.

3.4.1. Interactions
Occurrence of interactions follows certain rulesosé impact and form are usually
greatly influenced by composition of the systemadme for example interactions

within a family (the system) composed of multiplengrations. Within each generation
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there is a parents-offspring relationship (struetof the system). Interaction within
family would most probably follow two simple rule$ occurrence. The bigger is the
age differencand/or the smaller is thelatednes®f any two members (units), the less
often they would interact. These two rules rela@dtructure of the systergiamily)
causes stablstructure of interactionswhere siblings interact with each other more
often than cousins, and offspring interact moreeroftwith parents than with
grandparents. When trying to model a family, itrisch easier to work with just two
rules and apply them equally upon all agents imkt&Ealaboriously defining for each
player individually how often and with whom (s)hagimt interact. The result is the
same, but dynamics of the model is much highereifmodel structure of interactions
from bottom-up with help of rules and not from twpwn as a fixed structure. Similar
rules governing the occurrence of agents’ intesastin my model are examined here.

Five assumptions in my model relate to interacti@tsurrence among states.
They are repeated, dyadic, simultaneous, and aayptayers interact with each other
depending on their power and distance. First tiofethem are rules regulating agent-
agent contacts while the last two pay attentioagent-environment relations and take
part even in Galtung's (1968) interpretation of iheernational relations system by
means of small group theory. The easiest to deahés assumption of repeated
interactions. In the review of literature | alreadgrified the impact of iterations on the
Prisoner's Dilemma game and on player’'s cooperasimrihere is no need to do that
again. That repeated interactions between statesnomly happen in the real world
seems to be similarly obvious. In fact, states naely ‘die’ or are completely
eliminated in case of war (see Waltz, 1979: 95 @nidlal, 1985: 51) and thus they have
many opportunities to interact repeatedly. Althougkvasn't always that way, since
many times in history countries existed only fdoreef periods (empire of Alexander) or
disappeared after disastrous defeats (Carthagagdver, they were often separated by
great distances with sparse population and littkeeghment that hindered direct
interactions (Kievan Rus and China of Song dynasty)spite of that, if the first
interaction occurred, it very rarely remained ueeed.

Another important rule that governs interactioasthe assumption of dyadic
interactions, which means that there will be onko tsides/agents in all occurring
interactions. Disregarding the fact that dyadidest@lations are extremely popular in
(statistical data) analysis of international posti(see e.g. Mesquita — Lalman, 1992:
16), there are some other reasons for using tiigplar rule:
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When discrimination is perfect, each state can adopeparate policy
toward every other state, and the N-person gaméeamalyzed as a set
of linked two-person games. (Snidal, 1985: 53)

Public goods modeled as the N-person PrisonersnDila has a defining character of
being non-excludable, which means that you canffettesely discriminate between
participating players and prevent free-riders frenjoying the public good once it is
created. Such a situation is unusual in internatiguolitics. States know with whom
they are interacting and they are able to takeifit measures towards each other. For
two sides in the Prisoner's Dilemma speaks alsdfdbethat you have almost always
only two sides in war (Jervis, 1997: 210-52; Gajtui968: 281-2). Nevertheless,
alliances representing one of those two sides atést in the real world and omitting
them may seem as oversimplification. Possibilityahlance formation is undisputable
but first, competition of alliances is most of ttime just a continuation of individual
states’ rivalry on higher level without much di#@ce in principle of functioning. And
second, even if formation of alliances minimizesvpo competition among allies and
thus also impact of security dilemma, it does rmiliah it completely: “forming of two
blocks ... did not make the multipolar system intbipolar one” (Waltz, 1979: 167).
Greece and Turkey are both NATO member stateshgat telations are anything but
free from capabilities concern. Better way to dedh alliances is, therefore, to model
relations of states in such a way that enablesugidadiminution of the Prisoner’s
Dilemma by means of repeated mutual cooperatiors tlagilitating emergence of
conditions similar to alliance creation and funeti. | did precisely that in my model
as shown below in section dealing with payoff shift

As regards interaction occurrence, two factorsninmodel determine whether
particular dyad is activated or not. These factoes power and distance, and together
with offensive capabilities and perceived intensidhey define the extent of threat in
Walt’'s theory replacing the simple balance of powencept. With respect to power:
“[A]ll else being equal, the greater a state’s toésources [i.e. aggregate power] ..., the
greater a potential threat it can pose to othéWAalt, 1994: 22) Importance of power
hardly needs a stressing in international relatidntuitive logic behind the way |
formalize influence of power was perfectly expresakeady more than 50 years ago:

Big powers interact with great frequency, small posvwith big powers

but less so, and between the small powers thereryslittle interaction.
(Galtung, 1968: 294)
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First of the model's rules influencing occurrendenderactions thus assumes that the
higher is the level of player's capabilities, theeaer is also the probability of
interactions with any other agent in the systemd Aimce interactions are repeated as
was already made clear above, capability leveius hecessarily the sum of gains from
all previous interactions with all players. Intexfing presence of embassy as an
alternative evidence of intense bilateral interagctione can find a distinct pattern of
relations influenced by distribution of power. Thare 45 embassies in the capital of a
small European country Slovakia. Fourteen out @f finst fifteen biggest countries
according to the strength of economy have theirassies in Bratislava, but none of the
sixty economically least powerful states (see 20@¢ data on GDP in purchasing
power parity). Similarly, you can find Slovak embias in all of the first 20 states with
the most powerful economies, but you won't find amythe 60 economically smallest
countries. Therefore it seems appropriate to lim&raction occurrence with power.

The second factor influencing the probability oferaction occurrence in the
model is geography or more precisely distance @ntsy As emphasized by Walt:
“[Blecause the ability to project power declineshwihe distance, states that are nearby
pose a greater threat than those that are far &{@804: 23; for impact of distance on
relative gains concern see Davis, 2009: 178) KdnBiulding pointed in the same
direction long before Walt with hikss-of-strength gradientl962) and Jervis picked
up the problem of distance and geography as wedti®gsing that:

“Even in today’s international system, not all ctrigs influence one
another. A book on Afghan-Bolivian relations wolle short ... and few
changes in the relations between Argentina and iBreauld affect

anyone outside of the Western Hemisphere. (1997: 26

Yet at least with respect to formal models and iohpaf location it is Lewis Fry

Richardson (1960) that should be mentioned asrsepiosince he included in his model
of arms race intuitive spatial assumption mirroriegl world observation that: “All

nations interact but with an intensity that decesais geometric progression, with the
increase of their separation measured around theteq” (1960: 174; for similar

argument see also Galtung, 1968: 280) No wonder tinet | formalize spatial factor in
a way that the closer two agents (i.e. states)theshigger is the probability that they
will interact. To see that this is actually a fitji generalization of how the real world
works, take again an example of foreign represiemmt Six countries from Central
Europe — Slovakia, Czech Republic, Poland, Hunga#wstria, and Germany —
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represent a perfectly connected group in whichyeweeuntry has an embassy in all
other states of the group. On the other hand, thexeonly three African embassies in
Bratislava (only one from sub-Saharan Africa) amsk four from America. Similarly,
Slovakia has 5 foreign representations south ofMleeliterranean and six across the
Atlantic, compared to 33 in Europe. Geographicatise together with power thus
makes a great difference as regards interactiomrpmece. No wonder then that it
caused a huge surprise when Caribbean island afte8e Kitts and Nevis decided to
open its seventh embassy (only third in Europedessthose in London and Brussels)
in Slovak capital Bratislava.

Two more issues concern interactions and their fpaerns. One can model
time either as continuous, when only some playgesact and have their status updated
in a given moment and thus there is no fixed uhiiroe in which all actors must act, or
alternatively as discrete, when all players undargdating and engage in interactions
simultaneously in fixed intervals. The other issseof simultaneous, alternating, or
possibly even randomly alternating moves. In th& tase, actors decide what to do at
the same time. If moves alternate, players decumfes after the other, i.e. one agent
makes a choice first followed by the second plaged then again the first one etc. In
the last case of randomly alternating moves, adtora a given dyad are picked up to
make a decision (usually of investing in partngnesperity) in a haphazard manner.
These issues are to great extent a matter of ctomesnd operationalization, but there
some other reasons influencing which options wesbaas well.

First, in my model all players can theoreticallyeract with each other every
single round, but power and distance variable cdlogeonly some players and dyads
are activated. Time is thus continuous rather ttiaorete. And second, with respect to
non-simultaneous order of agents’ moves, therepimblem of necessity to define what
can be regarded as cooperative move of investmeopponent’s welfare. There exist
groups of bats whose members cooperate with edar by voluntarily feeding those
members that were unlucky in finding a food (seevBlo— Sigmund, 1994: 219). Since
every time different members get lucky during tearsh for food (obtaining in this way
also an ability to ‘invest’ by sharing it), this rcebe a fine example of randomly
alternating moves of agents. Yet what can be aasitnvent in international relations?
One can think of US generosity after the WWII, batalready stated this can be easily
interpreted as tolerance towards disproportionaiesy Strictly speaking, in a game

with (randomly) alternating moves the payoff reeeivis not even strategically
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interdependent because what player gets deperely splon opponent’s decision. One
can endlessly dispute whether Munich agreemenindrad followed was an example of
mutual cooperation of four European powers, or@anoperation of France and Britain
with deceiving defector exemplified by Nazi Germaay betrayal (an apt reference to
Czechoslovak description of agreement concerned dizsate of cooperating

Czechoslovakia by western powers, especially Fraflie most important fact is that
the result was dependent upon action of both gadighe given moment. | therefore

model the international relations system assthmultaneou$risoner’s Dilemma.

3.4.2. Strategies
In the Prisoner’s Dilemma players can choose beatweeperating and defecting move.
However, in multi-agent simulations interactions aepeated, and thus agents play the
Prisoner's Dilemma more than once. What makes dctatecide for cooperation or
defection in these repeated interactions, thatiat\yame theorist call behavioral rule or
strategy “Player i's strategy;dSs a rule that tells him which action to choosesath
instant of the game, given his information set.agRussen, 1989: 23) This “book of
instructions” (Shubik, 1970: 183) can be eitherep{gdeterministic) or mixed. Unlike in
the former case, in the latter one the moves aecpibed only probabilistically. One
can also categorize behavioral rules accordingeo tevel of conditionality. There are
strategies that completely disregard previous rewfdnteractions; there are those that
have only limited memory with respect to time; aaldo those that focus only on
opponent’s moves instead of on the outcomes ofdot®ns. Moreover, there can also
be some mechanism for changing strategy duringyéimee, which can cause important
shifts in how population functions. For exampleyglad may learn from the experience
and change the probabilities of cooperation anddin. Certain behavioral rules may
be during the simulation even replaced by othemwensuccessful ones. Thus besides
usual psychological consistency assumption of gagent’s behavior, which basically
stands for using the same strategy in interactwitts all partners, there are two other
key issues. How to choose and formalize behavioudds of actors, and what
mechanism of strategy shift to include?

One strategy against all opponents does not niestnptayer makes the same
move in a given round in all interactions with war$ actors. It simply means that (s)he
uses the same behavioral rule in decision makionggss when (s)he engages various

players with different histories of their previouseractions. The same rule may well
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possibly lead to cooperating move thanks to spehiBtory of interactions (information
set) with one opponent, or alternatively to defegtchoice because of the completely
different history of interactions with another pdayWhat | assume is simply that state
acts in the same manner when being in the samatisitg (information sets) and that
whom a given state acts with doesn’'t mattetesstheir previous interactions were
different. ‘No negotiations’ strategy applies tbtakrorist groups irrespective of where
they come from or what they try to achieve. Anyansistencies in moves towards
apparently similarly behaving opponents bring abestiong public criticism as
happened in case of US response to Iragi and Mantban nuclear programs. Yet these
two cases were at that time hardly analogous situsfrom President’s administration
(i.e. decision maker’s) point of view, plus | haakeady dealt with the problem of
perception. My point is also illustrated by the ead appeasement strategy that was
discredited as an acknowledged foreign policy sgwtafter Munich agreement (see
Ripsman — Levy, 2008). Again, if player took a @s$rom Munich, (s)he would reject
to appease universally in all comparable situatiand not in a case by case ad hoc
manner (Gilpin, 2002: 193). One strategy per plalyas seems as a valid assumption.

In the single shot Prisoner’s Dilemma there ardg tmo possible strategies. In a
repeated game with unknown number of iterationsetie virtually infinite number of
available strategies. So the obvious question ligtwehavioral rules, and why, should
be included in the model? As far as my intentiomdt to model specific foreign
policies of particular countries, but rather todfifh there are any emergent properties at
the systemic level, the only requirement for popataof strategies in this model is that
it would be sufficiently heterogeneous. This on tbee hand prevents possible
generalizations from results of those simulatiamat twere based on somehow bent
input settings of the population, and on the otiemd enables later comparison with
results achieved via altered, different settingerédver, heterogeneous population of
strategies is important with respect to any poes#ohergent property since we can be at
least sure that there is no prevailing behavioud# that directly caused this systemic
phenomenon. Accordingly, | cannot think of anythingthe international politics that
suggests that all states use the same foreignypstiategy in their interactions.
Countries balance, as well as bandwagon. Theyoatiiiimize threats, but sometimes
they just ignore them.

Maybe more disputed then heterogeneity of poprais how players change

their behavioral rules (strategies). Various paksds how to formalize evolutionary
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selection of more successful players or learningtdut | exclude any such mechanism
since “the international system has neither thecti®e elimination (states are rarely
eliminated even in war) nor the random variatioat tevolutionary theory requires”
(Snidal, 1985: 51; see also Busch — Reinhardt, 19388). Similarly, Paul Pierson
pointed out that it is "not that learning never wecin politics. Rather, learning is very
difficult and cannot be assumed to occur” (20000)2&\nd what holds for domestic
politics should do as well for the internationalkeofRobert Gilpin argued in the same
way that even if states were able to learn to beenemlightened and cooperative, it
would still be no sure thing that they would aclydb that.

Although states (or rather the individuals who cosgthem and lead
them) do learn lessons from their experiences, tteeypot always learn
the same lessons, or what some might regard adirect lessons.
(2002: 227)

Thus it seems that neither evolutionary selectiar, learning, has any place in model
of the international relations system. The most gdw states often disintegrate or
simply lose their power as the ®@entury Soviet Union, ancient Rome, or thd"19
century Great Britain. If we understand fithessamms of power (there is no available
reproduction ratio), then the fittest does not seaely survive in international
relations. Progress via conscious learning or imitais doubtful as well. Some strategy
may be successful in one environment, but lead raatgfailure in others. Strict
balancing worked perfectly well in the18entury Europe, but it won't if applied in the
21% century by the member states of the European Union
Yet Alexander Wendt (1999: 318-335) wrote aboutntdg formation of

sovereign states through evolutionary processesatfral and cultural selection, the
latter being further subdivided into imitation asdcial learning. What | stated above
holds particularly for his concepts of natural séten and imitation. | disregard any
such mechanisms because of lacking empirical wglidAt the same time,
(unintentionally) becomingmore cooperative/defective is one of the ways How
understand payoffs shift in my model that | wantdescribe and explain in the
following subsection. These shifts as | formalizedm correspond fairly well to what
Wendt dubbedsocial learning and with help of which Alter and Ego can mutually
(re)create their respective identities. Importantlizis process of social learning,
possibly exemplified by payoff shifts, is more attaen of gradual, unintended, and

mutually constitutive modification of perceptiontérests, and identities, rather than of
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copying other player’s strategy or intentional al#gion of one’s own behavior because
of previous experience.

Moreover, with respect to evolutionary processksyre is actually a kind of
interactions preference in the proposed model,esthe most successful players (i.e.
those with the highest accumulated gains) will riexté mainly with other prosperous
actors. This resembles an evolutionary situationyhich successful players thanks to
higher reproduction ratios meet a greater numbersiofilar actors in the next
generations. However, here the numbers of welloperihg strategies won't increase as

happens in properly formalized evolutionary deveiept.

3.4.3. Payoffs Shift
In preceding sections | identified the internatioreations system with the Prisoner’s
Dilemma game, which may seem as a universal fidadncabout nature of states’
interactions. Yet Fearon and Wendt warned us tocdeful while making such
assumptions about functioning of the world. Theguged particularly upon realist
understanding of anarchy as inherently self-helpmpuetitive, and conflict-prone
environment, and emphasized that there is alwalanger that:

through a process of forgetting what we are doimbat starts out as

merely an analytical convenience can become songethore than that,

a tacit assumption about what the world is redke Which limits our

theoretical and/or political horizons. The assuoptihat states are self-

interested, for example, is harmless when made rasarlytical

convenience, but if turned into a tacit univerdalro it can lead us to

conclude mistakenly, that anarchic systems are ssacky self-help

worlds rather than contingently so in particulastbrical circumstances.
(Fearon — Wendt, 2002: 64)

This warning holds for my model as well and thuseéd to avoid any similar a priori
prevention of changes in players’ understanding p&teption of their environment
and themselves. Instead, what | want to do is tevdihat anarchic system of Prisoner’s
Dilemma as modeled in my thesis can change in a thay offers possibility for
different cultures of anarchy to evolve similarkylzas been suggested by Wendt (1992).
While introducing mechanism responsible for change the meaning of
anarchy, | draw my inspiration from constructiwisiderstanding of the way how agents
and structure mutually shape each other, and frmmthis constitutive interdependence
is (re)produced via social practices (Wendt, 198iéxe, the agents are states, structure

is the Prisoner’s Dilemma payoff matrix, and sog@idctices are particular actions that
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players take in repeated dyadic interactions. Thses®al practices (cooperation or
defection) then “continually produce and reprodeoaceptions of Self and Other”
(Wendt, 1999: 36) characterized here by roles eimgnor friend as the third level of
international cultural environment (Jepperson — WenKatzenstein, 1996: 34; see also
Wendt, 1994: 390 for how cooperative interactioms dead to collective identity
formation). To say it differently, repeated acti@isnteracting players can:

greatly reduce uncertainty among actors within @adly structured

community, thereby increasing confidence that wdetions one takes

will be followed by certain consequences and respsnfrom others

(Hopf, 1998: 178)
as in the case of relations between friends anchigrse At the same time, the longer the
same social practice lasts the stronger and mal#esis the cultural effects it leads to
(Wendt, 1999: 311) or else “The higher the leveltrifst or distrust, the lower its
flexibility.” (Jervis, 1976: 195) Same cooperatdefective action used repeatedly
diminishes uncertainty inherent in anarchic natfrenternational relations system and
enables actors to create expectations about flseinavior of the opponent. Repeated
defective moves of either player would make paldictelationship more conflict prone
thus leading to culture of enmity, distrust, angdmcion. On the other hand, repeated
mutual cooperation makes agents trust each othdregpect even more cooperation in
the future, thus creating gradually culture of idship and amity. As already stated
elsewhere: “past interactions may affect preserttaier, perhaps by increasing
interdependence or by changing expectationstarsd among nations” (Snidal, 1985:
49 emphasis added; for early experiments with teust suspicion in the Prisoner’s
Dilemma see Deutsch, 1958). In my model this happgeyn making the Prisoner’s
Dilemma (as a structural feature) more, or altévet less, challenging via payoff shift
caused by individual action of players.

Shift of payoffs within certain limits as a reswit players’ interactions is an
assumption trying to mirror constructivist argumeattout “equal weight [given] to
agency and structure. They aneitualy constitutive and codetermined.” (Wendt, 1999:
184) In case of the model presented here, payoffixnshifts towards coordination
game of Assurance (also called Stag Hunt) or De&ddacording to pattern of players’
interactions, and this amended structural variablenteraction space then in reverse
influences how actors behave, how they perceivl ettter, and what they see as their
best interest (for shifts between various gamesSsadal, 1991: 707-8). On the first
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page of the second chapter | described the ordpaydffs in the Prisoner’'s Dilemma.
In Deadlock this order is changed into T > P > B and Assurance game must fulfill
the condition R > T > P > S. These games reprasgnextremities towards which the
reward payoff in my matrix can gradually move cloged closer.

To use the distinction between two types of ganeomy payoff shift is an
example of itsholist version, where structure of the game is understasdshared
knowledge that constitutes agents with certaintitlea and interests.” (Wendt, 1999:
183) Continuous mutual cooperation of a given dgmadually increases possible
reward of these players from their future interatsi and brings this payoff closer to
that for unilateral defection (temptation). Henbe Prisoner’'s Dilemma becomes less
threatening, more similar to Assurance game, aadptbspects for cooperation are in

effect enhanced similarly as among friends or sllie

Prisoner’s Dilemmas in which the payoffs for CC egkatively high and
those for CD, DC, and DD are relatively low are endikely to yield
cooperative solutions. In other words, cooperasamore probable when
mutual cooperation is only slightly less attractittean exploiting the
other (Jervis, 1986: 64, see 76 for shifting estesaf others’ behavior)

Contrariwise, (continuous) defection by at lease qmarty in dyadic interactions

necessarily increases suspiciousness of playelishvéads towards perception of the
opponent as an enemy. | formalize that as grace@kdse of gains (reward) for mutual
cooperation towards punishment payoff. The Priseritemma becomes increasingly
challenging and similar to Deadlock game as viefee@xample by Germans in the 30s
or Soviets from the late 40s (see Downs — Rockiversn, 1986: 120-123).

Players' actions thus change the structural featuneteraction space, which in
return influences expected gains (and utility) fractors' future encounters and thus
also their behavior. Moreover, since teidentity “(by convention) references mutually
constructed and evolving images of self and otli@pperson — Wendt — Katzenstein,
1996: 59), changing interaction space also mirtieesway how two players understand
identity of each other. Shifts in reward payoffg¢hepresent dynamic cultural relations
of amity and enmity with associated features ofsttrand suspicion as well as
corresponding expectations as regards opponertiavioe. Previous behavior in my
model shifts present payoffs and present payotts atterests and identities of actors
that guide their future behavior. Agents repetitpegformance, i.e. defection or mutual
cooperation, alters structure (payoff matrix) atrdicture retrospectively alters agents

since the more (or less) beneficial is the mutoaperation (reward), the less (or more)
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acute is the Prisoner's Dilemma that helps defioéh them and their interests in
iterated dyadic interactions.

With respect to alliance functioning and formatidryst-building behavior of
gradual overcoming of dilemma concerned is the st how to model path towards
institutionalized collective defense, when actaase to perceive other states as threats
and start to regard their behavior as cooperatidkrautually beneficial. The intuitive
logic behind the concept is inspired by the faett tthe higher degree of cooperation
particular actors demonstrate in their interactiotie more they trust each other,
because they feel they know each other, the otimatsre, and that the other actor is
behaving predictably. Even cultural argument ofitfmal communities relies on that to
certain extent (Deutsch et al. 1969). An exampleswth institutionalized alliance is
NATO, whose 40 years of anti-Soviet cooperationated such a level of trust and
common identity of friendship that enabled its ammation even after the Warsaw Pact
dissolution. On the other hand, alliances in théhlahd 18th century Europe never
lasted for long because shifting behavior of indiinal states never allowed for the
sufficient diminution of the Prisoner’s Dilemma, ergence of trust, and necessary
institutionalization.

These repeated practices of cooperation (or defectilso create a kind of
cushion that enables ignoring occasional incormststs in patterns of behavior caused
either by noisy environment, or even by intentioshifts as determined by some
probing strategies. Thus long-lasting and intensdgual cooperation of Czechs and
Slovaks creates such a level of trust between thasens that readily overcomes even
such events as dissolution of Czechoslovakia, termational problems with the level of
democracy as happened to Slovakia in the late 0wt a difference compared to
cautious Slovak-Hungarian relations, where everhsacremote issue as Kosovo
independence is perceived by Slovak leadershipaadp a possible negative impact
upon future of this relationship. Another example (dis)trust building and shifts
between amity and enmity caused by repeated peactice relations between France
and Germany before and after the early 50s, ordmtwthe Soviet Union and the United
States before and after the WWII. Thus in wordélekander Wendt:

Bipolarity among friends is one thing, among enengjaite another. The

one might be an “Assurance Game,” the other “Deadl0(1999: 107;
see 109 for how history matters)
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As already stated, | regard Hobbes’s natural stateribing anarchy among agents in
absence of sovereign as fitting, succinct, andchdgiidentical with the Prisoner’s

Dilemma game and with the situation of states tarmational relations system. On the
other hand, | stressed that conclusion about imipiigs of cooperation he derived

from his analysis is mistaken and that realistorohately accepted this pessimistic
conclusion as a necessary result of anarchic emviemt. | don't see the need for such
an a priori assumption with respect to the PrissnBilemma and system of states.
Quite the contrary, my understanding of the gameush closer to what Lars Udehn

said about Hobbes’s description of natural state:

The most conspicuous feature of the state of nasufee lack of society
and of culture. ... His [Hobbes’s] theory of the sbaontract stands out
as a first paradigm of an individualistic explaoatiof social order.

(2002: 481)

For me the Hobbes’s natural state, and thus aklsd’tisoner’'s Dilemma, is an empty
box of mixed motives game. A structural featurdéofilled in by the actions/practices
of agents. It enables emergence of both enmityamidy, but does not make any of
them inevitable. It is a dilemma precisely becaitisaakes possible both conflict and
cooperation. From this Hobbesian point of depanitbout society or culture, one can
move with help of repeated practices either towartsity or friendship. It is Deadlock
with generally prevailing conflicting relations thaetter exemplifies culture of enmity.
And it is Assurance game with its cooperative Neghilibrium that is more intuitive
formalization of culture of friendship. The PrisoiseDilemma or anarchy is the starting
neutral point from where we can get closer to eyprag well amity depending upon
pattern of repeated interactions.

After finishing the description of rules as thetla$ three key elements of the
proposed design besides agents and environmeatieve | successfully answered all
questions raised at the end of the previous chapter model includes theoretically
justified assumptions about the frequency and #seclkform of interstate interactions. It
presents some arguments as regards progress mmai@al relations, identity of
actors, their ability to properly evaluate complervironment, as well as those
concerning implementation of their own decisiondie Tnext chapter must then
inevitably explore methodological questions relatethis model including problems of
operationalization, scientific added value and irativeness, as well as issue of

research questions.
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4. Methods and Operationalization

Computer simulations as a quantitative methododdgstance taken in this thesis and
multi-agent simulations as a specific method usedlata acquisition are together with
problems of the proposed model's operationalizasiginject of this chapter. After short
opening on (non)linear relations, | first proceedcbpe with abductive inference and
consequences of complexity for research in soci@nses. Subsequent application of
abduction upon multi-agent simulations is followmwda section specifying questions |
would like to find answers to in my thesis, and fimal clarification of how various
parameters described in the previous chapter wegeationalized in the program. There
are of course other possible simulation methodsatirer techniques, as for example
cellular automata, multilevel simulations, queuimpdels, or microsimulations (see
Gilbert — Troitzsch, 2005: 13), but multi-agent slations is the best way how to put
into praxis agent-based models of complex systarhigh | would like to show now.

Qualitative methods and case studies approacheserally considered as being
especially suitable for explaining complex phenomeand getting the whole and
satisfactory picture of various problems in inteio@al relations. That is because they
are often looking at only very few cases with lofsconsidered variables (Bennett —
Elman, 2007: 171). On the other hand, quantitamathods try to explain as many
cases as possible with help of the fewest possibdeimptions while at the same time
(statistically) identifying key variables that stinbehind linear relationships between
explanans and explanandum. Special kind of quaéngtamethodology based on
relatively recent developments in computer sciesmog called multi-agent simulations
is, however, quite distinct method well suited jBely for the analysis of complex
systems and emergent phenomena. It falls withiraraily of quantitative research
methods because simulations are capable of gemgigittat amount of measurable and
easily replicable data.

Complex system means that outcome(s) and/or fumingoof such an entity,
and thus of course of associated agent-based msadwli determinable by force of pure
logic, deduction, or mathematical inference (Axdlra997: 3), which partly explains
the adjective of the closely relatethergentphenomena. This type of models contain
many autonomous actors, stochastic variables, pheillossible initial states, feedback
loops, and highly interdependent features thateendpossible usual forms of insight

such as mathematics or statistical probability ysisl
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One of the themes of social simulation resear¢haseven when agents
are programmed with very simple rules, the behavimiuthe agents
considered together can turn out to be extremetypdex [i.e. nonlinear].
Conventional statistical methods for analyzing absystems are almost
all based on the assumption of a linear relatign&@tween variables.
That is, the effect on the dependent variable ap@rtional to a sum of a
set of independent variables. (Gilbert — Troitz2305: 10)

Usually, neither simple causal relations betweeput® and outputs, nor easily
identifiable (in)dependent variables can be foumégent-based models and in related
complex systems. On the other hand, their compteXimear relations can be readily
replicated via multi-agent computer simulations éhkad, 1997: 3). Repeated
interactions of their autonomous agents often keaithtended or unintended emergent
properties at the higher, systemic level of the eh@dncerned. That's also why one can
often draw a clear cut distinction between equatiased mathematical or statistical
approaches to scientific modeling, and their adgasted counterparts (Parunak — Savit —
Riolo, 1998). In other words:

There is often no set of equations that can beesolo predict the
characteristics of the system. The only generalffgcéve way of
exploring nonlinear behaviour is to simulate it linyilding a model and
then running the simulation (Gilbert — TroitzscB03: 10)

As | said, this method is capable of generatingdaamount of data. Running the
simulations is exactly the way how it is done, whimakes us aware of another

peculiarity of a given approach.

4.1. Computer Simulations of Complex Social Systems

By repeated runs of the program with option to vargut parameters, computer
simulations make possible experiment-like reseadelign, which is unseen and
unprecedented in social sciences (Gilbert — Trolitz2005: 4). When compared to
rather rigid nature of statistical analysis, thimntitative research method enables us to
get a better grasp dfynamicfunctioning of any complex system (also caltathet in
my case it is the international relations systend #ime emergent phenomenon of
cooperation within it). Moreover, via inclusion deedback loops it facilitates
formalization and better understanding of congtieutelationship between agents and
structure. Or in other words, it explores linkagestween micro- and macro-level
properties (see Gilbert — Troitzsch, 2005: 13). Besides obvious advantages multi-

agent simulation method necessarily entails algersédrawbacks.
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Precisely thanks to the nature of complex systamtheé social world, above
mentioned experiments rarely lead to discoveryr# way relationships and similarly
accurate knowledge as in the natural sciencesndétrsaying that there are no feedback
loops and mutual shaping of agents and structuesept in problems that natural
sciences deal with. But the sheer fact that saetald composed of individual human
beings actually functions thanks to mind-dependgémt language-dependent, i.e.
socially-dependent) non-observables makes sodeth@es more interested in exploring
agent-structure interdependence and constitutigeed@nl of causal relations. Logical
consistency understood in terms of deductive raagowould be fine, but unlike in
natural sciences, you cannot always take socialdwWor granted and deductively infer
predictions from general assumption expecting tcabke to test them whenever you
want under the same conditions. We have basicalipftuence over mind-independent
natural phenomena, but the very existence of abjeictnquiry in social sciences is in
the end necessarily dependent on human (i.e. afrs&rvaction. Under normal
atmospheric pressure, 100 °C will be the boilingnpof water regardless of whether
we have concepts to describe such a discovery &emae of it. On the other hand,
arguably the last witch in Slovakia was burned kiry as in the rest of Europe in
middle 18" century in 1741. Nowadays there are none, andsfiist a case like that of
human caused extinction of moa or dodo. Peoplecpesed to act accordingly.

Even better knowledge of some complex social systeeds not necessarily
mean greater capability to predict its future depelent since you usually don’t have
the opportunity to gather data via real-world expents and compare them with

simulation outcomes in order to calibrate the mdsgeé Tesfatsion, 2006: 845).

the best one can do is to test that there is anedte likelihood that the
observed behaviour of the target could be drawm ftiwe distribution of
outputs from the model — which is rather a weaklkt. t€¢Gilbert —
Troitzsch, 2005: 212)

For example in natural sciences, you can make gotansimulation of a wind tunnel’s
airflow past the new airplane’s wing, then buile tplane itself, and finally try, if it
actually flies. Similarly you can model avalanchecurrence in a given valley, then
arrange avalanche barriers, and see if they wbrkeal world events do not correspond
to simulation results, you can calibrate the inariables and move on. There is usually
no such option in a complex social world. You cavdel international relations system,

but you cannot experiment with the real one, ottlan alternative to it. So in case of
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your simulation results being different from actbehavior of the target (and of course,
given there is no large N of comparable targetsi, lyasically cannot decide whether it
is your model that is flawed, or simply that whauyobserve in actual world is just an
accidental development of otherwise completelyedéhtly evolving system. Moreover,

prediction based on outcomes of simulations coragh bnly if the model offers very

accurate picture of the modeled target. Precisedgabse of the dynamics and
complexity of the social world we almost generdligk sufficiently comprehensive

knowledge of complex social systems to achieve lthisl of accuracy (see Gilbert —
Troitzsch, 2005: 23 & 18-19 for highly abstract ratsd validation problems).

Hence if not causality, accuracy, and ensuingtdstprediction, then we must
simply opt for understanding and higher level ddtadction (Macy — Willer, 2002: 146-
7; Gilbert — Troitzsch, 2005: 26; Simon, 1996: 16t here we come across another
peculiar issue in international relations theorymedy the possibility of objective

knowledge. Observer and observed are inseparablecial sciences.

[T]here are two plausible stories to tell, one framtside about the
human part of the natural world and the other froiside a separate
social real. One seeks to explain, the other terstdnd. (Hollis — Smith,
1991: 6)

Explanation makes sense only if we accept the pitisgiof objective knowledge,

identification of (in)dependent variables, and cality of causal reasoning, which is
fairly unproblematic within rationalism. | wrote ah prediction and explanation are
difficult, but there is still the other epistemolcal option emphasizing subjective
understanding of the world instead of objective sedexplanation (Hollis — Smith,

1991; see Wendt, 1999 for a bit different view elation of epistemology to ontology).
Proponents of this approach are often labeled taespiretativists or reflectivists, and
contrasted with rationalists (Keohane, 1988). Theblem is that it would be a bit

overstretched argument, if we included multi-agemhulations into the group of

interpretative qualitative methods. Scholars milgatright when they stress possible
lack of predictive power of the method | decidedise. But to choose ‘understanding’
(Axelrod, 1997; Gilbert — Troitzsch, 2005) as thdyoalternative option that remains
available after rejecting explanation and predittic a rather questionable and
misleading decision. It only discloses unawarerwsthe debate on epistemological
issues in international relations theory, and magibe still unsettled terminology of the

research program based on multi-agent simulatibnsraplex systems.
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If we disregard those ends of computer simulatr@thodology that relates to
training of some skills (flight simulators) or ertnment (Xbox, PlayStation), we
basically end up either with prediction, or itseattative in form of the urge to better
grasp some insufficiently explored phenomena. segaediction is for whatever reason
unattainable, theexplorationrather tharunderstandingseems to be a better term for
what multi-agent simulations can achieve. And eveme so with respect to established
terminology of international relations theory. Satomplexity of the modeled target
often disables identification of causality or apption of hypothetico-deductive model
of science. But although there are feedback loppssibility of modeling constitutive
relations, as well as partial departure from metthagical individualism of rationalist
approaches, researchers dealing with agent-basel@lsndo not limit themselves to
interpretive methods. Multi-agent simulations dongmate measurable data. It is a
quantitative method, even if a special one. Thumyifgoal isexploringthe functioning
of the international relations system, it must seeily represent a third option besides
inadequate understanding and unattainable exptainin

Anyway, | am not going to develop any third epistéogical position. | just
believe that similarly as in ontological matterdjere agent-based modeling embraced
parts of substantive rationalism as well as cowostism, so also in case of
epistemology and methodology the multi-agent sita of agent-based models take
middle position between quantitative and interpeetjualitative approaches in order to
explore how complex systems work. In spite of ladittwas mentioned above, one thing
nevertheless still remains true, and that is tetfeat agent-based modeling and related

method of multi-agent simulations:

is not only a valuable technique for exploring mledéhat are not
mathematically tractable; it is also a wonderfulywta study problems
that bridge disciplinary boundaries (Axelrod, 200668).

This particular kind of computer simulation as d@adgenerating technique, moreover,
cannot be associated with some specific theorgtiosition or school. But it is true that
methodological individualism of the classical gatheory enabled effective application
of multi-agent simulations upon complex system®aesh problems, and this in turn
caused that many do make a strong connection betéteen. My own model itself
does contain many features adopted from game thdmty it tries to go beyond

individualism and clear separation of actors anacstre.
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| decided to use this method because of its praglity to grow emergent
phenomena from interactions of agents, who are th#uenced by the very same
systemic consequences of their own actions. Despitee of its drawbacks, this method
enables generation of large amount of replicablentfiable data, and thus makes up
for lacking real world experiments. That helps uglere functioning of complex
systems, and under specific circumstances evenopeofheir perfection in a desired
way. In fact, | regard simulation methodology asg thest possible option for any
attempt to think about systemic level of internasib relations. And especially so
together with agent-based modeling approach. Abkslajualitative and quantitative
methods turned out to be of rather limited benegfien dealing with similar complex
systems anyway. But before | point out possiblergdic benefits of the proposed
model and specify the questions | would like talfanswers to in my thesis, | first set it
all within the framework of abductive inference astnodated for the purposes of

multi-agent simulations of agent-based models.

4.2. Abductive Reasoning
The whole agent-based enterprise seems to stast usual deductive manner by
constructing a model with help of general assunmgtiabout composition and ruling
principles of the target. Yet in the next step catep simulation research does not
compare predictions inferred from these generalraptions with information acquired
by observing the real world. Instead, it generateés data via simulations and
subsequently makes inductive generalizations frioesd¢ data upon functioning of the
modeled target. Thus, some view the multi-agentktions and agent-based modeling
as the “third way of doing science” besides widatcepted deductive and inductive
ways of inferring hypothesis (Axelrod, 1997: 3-Bpsically, if we find some complex
phenomenon or a system in the real world that vesine or want to understand better,
but cannot because of missing data or (in casee thex available data) of lacking
analytical tools, then we construct an agent-basedel and run the associated multi-
agent simulations. The data we get should helpxp®ee our research problem.
Actually, in addition to deductive and inductiveasening there really is a third
option well suited for agent-based modeling. Italed abductive reasoningnd was
developed by Charles Peirce, who regarded it a®ithemethod truly generating new
ideas (see 1994: 2.96 & 5.145; in early writings éxn dubbed ithypothesis,
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retroduction or alternativelypresumptiopn Some scholars from our field of study
called it even a “pragmatic research strategy” angdied that:
abduction should be at the center of our methodcddgfforts while
deduction and induction are important but auxiliaopls. Abduction
follows the predicament that (social) science isshould be, above all a
more conscious and systematic version of the wawbich humans

have learned to solve problems and generate kngeldd their
everyday lives. (Friedrichs — Kratochwil, 2009: 709)

According to Peirce himself, who understood thesitiic process in terms of unity of
all three types of inferential reasoning, abducty@merates new hypothesis, deduction
draws predictions, and induction puts them undsr(feeirce, 1994: 5.171 & 7.218).
However, abduction raised serious doubts amongashmostly because of the

way Peirce described it (see e.g. Kapitan, 1992 atmo Hoffmann, 1999). On the one
hand, he declared that “abduction is, after althimy but guessing” (Peirce, 1994:
7.219), and that “[n]o reason whatsoever can bergfer it, as far as | can discover; and
it needs no reason, since it merely offers sugmestl (1994: 5.171) Yet on the other
hand, he made sure that abduction “is logical arfee, asserting its conclusion only
problematically or conjecturally, it is true, bugévertheless having a perfectly definite
logical form.” (Peirce, 1994: 5.188) He defined abiibn in the following way:

The surprising fact, C, is observed;

But if A were true, C would be a matter of course,

Hence, there is reason to suspect that A is true.
(1994: 5.189; see also 2.623)

Yet there are problems concerning what kind of ligesis we choose, as well as why
we choose it? Relationship between two premisésenfbduction is the most contested
issue and Peirce unfortunately remained rather evagith respect to that. For him,
coming up with hypothesis is a matter of insightl @ome background knowledge.
Understandably, this is not enough to put abducttona par with deduction and
induction. Insight does not prevent us from propgshe most foolish hypothesis. Even
if Peirce tried to introduce some preference ordgnto the set of possible hypotheses,
his attempts were regarded as insufficient, ifamtnterproductive. For him:

The abductive suggestion comes to us like a flash.an act ofinsight,

although of extremely fallible insight. It is traeat the different elements

of the hypothesisvere in our minds beforéut it is the idea of putting

together what we had never before dreamed of gutbgether which

flashes the new suggestion before our contemplatiPeirce, 1994:
5.181.3 emphasis added)

88



Objections thus remained (Kapitan, 1992). In whay wo we infer A from C, and why
should we prefer it, if there are probably manyeotavailable hypotheses?

Yet despite all skepticism, people do make abdedtiferences. They regularly
propose hypotheses explaining observed data and pheceed to test them after
drawing predictions as Peirce demanded. You ddaet¢ to watctDr. Houseto realize
that diagnostics is abductive process par excedlembien physicians try to find out
what is the explanation of patient’'s problems, bat tthey would be able to cure
him/her. Similarly, reasoning of William of Baskéke from The Name of the Rosy
Umberto Eco is a perfect example of the inferemdgch is non-reducible to deduction
or induction. Again, this is not obvious from Peil above mentioned definition, but
while trying to find out what constitutes a goodiabtion, he instantly shifted without a
sign of hesitation or stopping to the problem obdexplanation(1994: 5.197). His
implicit emphasis upon explanatory power of hype#dsethen enabled later perfection
of his concept of abductive inference.

Today abduction is generally identified with itsfined and better developed
version callednference to the best explanatigdarman, 1965; Lipton, 2004), which
seems to solve problems of both what hypothesidnae from available data, and why
we prefer that particular hypothesis. Although biptunderstood inference to the best
explanation as a guiding principle ofductive rather than abductive reasoning, his
extremely broad definition of induction actuallycinded all non-demonstrative reasons
(2004: 5) as opposed to those that deductively renswe conclusions given true
premises. Moreover, he cited Peirce as well as Haras authors that already before
him analyzed the issue he was concerned with (hip2004: 56-57). Therefore, | will
use abduction as an alternative name for inferemtiee best explanation even if Lipton
recognized only deductive and inductive reasoning.

Now, to shed some light on abductive problems stdption (what hypothesis)
and preference (why this hypothesis) as articuléitgKapitan but also Lipton, let's
start with “the idea that explanatory consideratiane an important guide to inference,
that we work out what to infer from our evidencetbinking about what would explain
that evidence” (Lipton, 2004: ix). One can alreadg the double connection to Peirce’s
theory via both emphasis on explanation, and infsgeof hypothesis from given
evidence. For understanding Lipton’s theory, ifughermore important to notice the
difference between inference and explanation. Teakexample of four seasons. Since

we observe winter, spring, summer, and autumnarCéntral Europe each year, we use
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inductive generalization to infer that they willntmue to alternate also in the future.
Yet this inference does not explaimy they actually change. To get an explanation of
changing seasons one needs to know obliquity oE#r¢h as well as its orbital motion
around the Sun. Bearing in mind the difference ketwinference and explanation,
Lipton defines abduction in a following way:
we infer the explanations precisely because theyldyaf true, explain
the phenomena. Of course, there is always more tran possible
explanation for any phenomenon ... so we cannot sderething simply
because it is a possible explanation. It must somwehe the best of
competing explanations. ... Given our data and ogk¢p@und beliefs,
we infer what would if true, provide the best ofetlcompeting
explanations we can generate of those data ... &ar éxplanation only
coming on the scene after the inferential workaseaj the core idea of

Inference to the Best Explanation is that explalyatonsiderations are a
guide to inference. (2004: 56)

Obviously this is a much more developed versioralduction than that offered by
Peirce. We infer the best possible explanationrgiaeailable information (the ‘what’
guestion), and then we assume that this inferentmie, because it is actually the best
available explanation (the ‘why’ question). Harm@965: 89) basically described
inference to the best explanation in the same nmraasd.ipton, and Josephson with
Josephson (1996) then finally formalized it inmitar way like Peirce did before.
Nevertheless, there still remain some questionsaally with respect to quality
of being the best explanation. Lipton tried to makear what he meant by defining
‘best’ in terms ofthe loveliest potential explanation, which in turn means such a
hypothesis that provides deepest understandingaofable data (2004: 61). Of course,
not even that is a very specific. Therefore he fgoiim the so callecontrastive
explanationas a tool that helps us choose between differguiaeations and find the
best one via comparing assumed causal storieseXptain why P rather than Q, we
must cite a causal difference between P and naw@sisting of a cause of P and the
absence of corresponding event in the case of riofi4#Qton, 2004: 42). Moreover,
explanation must also demonstrate features of iyl unification, and theoretical
elegance (Lipton, 2004: 68) to be considered ‘ipveBeing simpler, more plausible,
and able to explain more in a less ad hoc manhesetare criteria for judging one
hypothesis better than the other also for Harma&@6%1 89). Yet not all of this is

possible to apply upon agent-based modeling of ¢éexngocial systems. Exploration
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rather than explanation is the best term for whaltiragent simulations enable. Next

section shows how to use abduction in context ofglex social systems.

4.3. Evaluating Research on Social Complex Systems
At the first sight, there should be no problem aatihg relevancy and rigor of scientific
theories and related research with help of estaddiriteria. But the problem is that the
best known scholars that deal with the assessmimtientific value of different
research questions in international relations red@pted critical rationalist view that
promotes hypothetico-deductive model of sciencehwiteductive inference of
predictions from theoretical axioms/hypotheses, suttsequent need for their empirical
falsifiability (see Popper, 2002). Thus besides egalty required originality, Walt
(1999) also demands deductive logical consistemcl eampirical validity, and a book
by King, Keohane, and Verba (1994) is very similath respect to that too. However,
given what | wrote about observer-observed relatign possibility of real world
experiments, causality, and stability of socialigdmaena, it seems that the hypothetico-
deductive model of enquiry and demands for logocaisistency and empirical validity
are not always compatible within social scienceahplex systems.

Taking world of natural sciences for granted, (wah can easily start her/his
research in a deductive way by making theoretigabthesis, drawing predictions, and
then falsifying or corroborating them against ewvicke exactly as Popper demanded. Of
course, some social phenomena are more stablghbasthers, and | am certainly not
trying to say that deductive reasoning is sometfiamgign to social sciences. Yet as far
as multi-agent simulations of complex social systeame concerned, the real world
(experimental) data testing of predictions is raeghieved or even expressed as a goal.
With respect to my inquiry into the problems of qarter simulations of complex social
systems and given the fact that natural phenomenadependent of human mind, but
social ones are not, there must be a differenceesat the ways how social and natural
sciences do their job. Modeling of social complgstems as a scientific enterprise
functions in a different way than natural sciendes Application of the hypothetico-
deductive model is at best a bonus, rather thandheof computer simulations.

Abductive reasoning is much better suited for dosi@ence agent-based
modeling and the related computer simulation metlagy than is the case of its
deductive counterpart. At least as far as artificieelligence is concerned, this has been

noticed by other scholars as well (Josephson pbssa, 1996). We simply cannot take
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world of social sciences for granted, and thus aaelto start with accurate observation
assuring that the unexplored object of our reseagthally still exists. Otherwise it
would be of concern only for historians. Given tltla¢ phenomenon exists and is
significant, which is obviously rather arbitraryneo can proceed to build a model.
Plausible and in the best case scenario also aralbyrivalid assumptions of the agent-
based model should together with replicable mgéra simulations enable us to grow
the modeled phenomena. If this is achieved, oneasahe final step conclude that it is
reasonable to regard assumptions of the model msctothus successfully exploring
functioning of the complex system. No need for, gmaksibility of, real world
experiments and deduction so far.

Only thereafter, we may try to inductively (frommailation results) or
deductively (from model’s assumptions) infer somedjctions with respect to the real
world, and examine if they really hold by manipirgtparticular features of the target.
There are for example both deductive and inducirags of inferring consequences of
noise for cooperation of actors as shown in theéerechapter and (wo)man can test
them by eliminating noise via improving access mdofimation (common role of
institutions). If our inferences prove to be wronthen either our hypothesis
(assumptions of the model) is wrong, or there pssibility of multiple outcomes. In
the former case, one is supposing causal-likeioakst which is not always appropriate
within complex systems. In the latter case, onedse® conduct more real world
experiments and better statistical analysis, neithahich is always possible as well.

With respect to the original definition of abductiby Peirce (1994: 5.189) it is

then possible to propose a reformulation for theppsees of agent-based modeling:

An unexplored emergent phenomenon of some compkrm is observed,
agent-based model of corresponding complex systaroristructed;

if multi-agent simulations lead to growing of thm@&rgent phenomena;
then there is a reason to suspect that assumpmtidghe model are correct.

As one can see, similarly as in Peirce’s writinggge proceeds from given evidence or
observations to formulation of new hypothesis (nipdehich if successful with respect
to simulating the target then justifies abductinfience about its correctness. Yet as in
the case of Peirce’s original definition, modifieersion of abduction fitted for agent-
based modeling call for more precise descriptiorthef way how we move between
premises of the argument, i.e. of the way how wefgen observation/evidence to

particular form of the hypothesis. Furthermore, apeds to make sense of what has to
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be done after we formulate the model itself. Isrehany place for deduction and
induction as Peirce contended, or do we just haverget about any empirical data?
Criteria for evaluating research in social sciencas help us greatly with
respect to previous questions. Above | tried toastwat generally accepted criteria for
considering some social science research to be gwednot very helpful here.
Nevertheless, we can still draw some inspiratiammfrthem and refine these rules
according to the logic of inference to the besti@xation. | argue that requirements any
good agent-based research has to meet includevoell and scientific significance,
(intuitive) plausibility of assumptions, and replide data. The first characteristic of
every sound agent-based model using computer giongathat | would like to focus
on is the significance both with respect to reafld/@and to the scientific community as
well. Not only were these aspects of significankceaaly expressed by King, Keohane,
and Verba, but this criterion in fact also incluiféalt’s ‘originality’ condition.
Ideally, all research projects in the social scenshould satisfy two
criteria. First, a research project should pose a question that is
“important” in the real world. The topic should be consequential for
political, social, or economic life, for understamgl something that
significantly affects many people’s lives, or fonderstanding and
predicting events that might be harmful or benafici.. Second,a
research project should make a specific contributio an identifiable
scholarly literature by increasing our collectivebility to construct

verified scientific explanations of some aspecthaf world. (King —
Keohane — Verba, 1994: 15 emphasis in original)

The second feature of every good agent-based oksearthe plausibility of its
assumptions, which is also a kind of shortcut fpplging inference to the best
explanation upon agent-based modeling and thusf@dsteciding which of the possible
model’s compositions counts as the best exploratwoy for a given complex system.
Plausibility can be achieved theoretically or enagity, but ideally via both ways
simultaneously. Necessity to empirically and anedity justify different proposed
features successfully limits the number of possditernative models since it is hard to
defend movement of actors across the playing gryau try to model system of states.
However, you can still include many additional feas or modify the present
ones so that the model will correspond better &r#dal world target. What to include
and what to left behind is an important issue eslato the question of model’s
plausibility (Gilbert — Troitzsch, 2005: 19). Onashto strike a compromise between

maximizing accuracy and simplicity in order to ¢jes loveliest model with the highest
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exploratory power. At the one end of the continutihere are usually highly
complicated models with many details and interriaracteristics of agents included.
They commonly represent what Lipton called ‘likelss’, and they attempt to produce
an accurate copy of the modeled complex systens, tieightening the probability of
desired results (emergent phenomena). The prokdethat many features of such a
model have none or only very little impact upon wiaion results and hence could be
omitted altogether. Allocation of resources, teridl growth, ethnic composition of
population, regime change, all these features eobaply redundant if you model the
international relations system. Notice also thatelmess and likeliness are not
necessarily disjunctive properties in case of irfiee to the best explanation (Lipton,
2004), because lovely model can also be the miadylto produce appropriate results.

At the other end of the above mentioned continulneret are exceedingly
abstract models with only very few assumption (Asé] 1980a). If successful in
growing the emergent phenomena, they can offeroeaqary qualities of unmatched
loveliness. But many times, great abstraction comesaccount of empirical and
theoretical plausibility. You can hardly justifysagnption of round-robin interactions in
the international relations system even if it ise teimplest possible pattern of
interactions. Deciding what to include in agentdshsnodel requires striking a balance
between simplicity and accuracy by asking in a duigg way ‘Why this feature rather
than the other?’ In order to maximize model’s lavess in form of theoretical elegance,
unification, and simplicity (Lipton, 2004: 68), ormaust thus always keep in mind
overall empirical and theoretical plausibility.

Finally, for every sound research it should be dtenaf fact, that if the model
built upon plausible assumptions leads towards essfal growing of the modeled
phenomenon, then related simulation results mgst la¢ readily replicable as the third
condition of good research requires (see Axelro032. But the problem of
replicability defined broadly has several aspeetsides that of ability to reproduce data
by other members of scientific community. To prdkiat results are not artifacts, first
and foremost one must be sure that they are ngedaoy some bug in the source code.
Nevertheless, being preceded by definition of thezfe, observation of the target, and
construction of the model, debugging is only tharflo out of six key steps of every
modeling research design (Gilbert — Troitzsch, 245 see the right side of Figure 3
below). Initial two correspond to the first premisiethe abductive inference as defined

above, while the third one is identical with it€sed phase. It ensures that more or less
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Abductive Criteria of a Good Gilbert-Troitzsch

Reasoning ABM Research ABM design
Real World Define
[Emergent] — N
Phenomenon Significance
Observe
Model E— Plausibility ———  Construct
Verify
Successful o
Simulaton — Replication [Debug]
Validate
Hypothesis J
Sensitive
Analyses
Prediction  / .
E . Empirical
Testing Testing

Figure 3: Template for Agent-Based Modeling of Coleg Systems.

abstract assumptions of the model elicit the serismtuitive plausibility even in a
layman. The fifth step, which Gilbert and Troitzszlled ‘validation’, aims at securing
the match between outcomes of simulations and ifumiog of the target, and together
with the fourth (debugging) and sixth step (sewmytianalysis) it fits nicely within the
third line of abduction’s definition, which attensptto evaluate model-target
correspondence. These last three steps also fieid ptace within broadly defined
replication criteria of a good multi-agent simubatiresearch.

| already said a lot about problems of acquirinfpvent real world data on
social complex systems. Predictions are rare, @xgets are impossible, and small
number of comparable cases together with compticature of relations prevents
proper statistical analysis. Requiring empiricatseas part of the replication criteria
thus seems many times unrealistic. Yet | also wiloat | would try to apply abductive
reasoning upon agent-based modeling of complexesyst And Peirce expected that
after provisionally accepting the hypothesis abidett inferred from available
empirical evidence research will proceed by wageduction “to trace out its necessary
and probable experiential consequences” (Peirc@}:18.203). This would prepare the
ground for testing of predicted outcomes and meaglithe degree of concordance of
that theory with fact” (Peirce, 1994: 5.145). Semiy, Lipton stressed the possibility:
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to use Inference to the Best Explanation to infemfthe data to a high
level theory, and then use the consequence condibialeduce a lower
level hypothesis from it. ... The clearest cases t@f tonsequence
condition, however, are deduced predictions. (2634:

Not all agent-based models are equally complex #ratefore, there can actually be
some chance for making deductive inferences. Fadiest mentioned in the review of
literature and dealing with effects of noise cdustrate that (Bendor — Kramer —
Swistak, 1996: 334-335; Bendor, 1993). But evedeifluction is unavailable, one can
still turn to sensitivity analysis and inductivengealization.

Considering the best possible scenario of plausiblystructed model, whose
simulation results accurately mirror targeted phmeeaoa (remember that this
correspondence can still be accidental), then tbstrone can do in case of many
models with respect to their real world similarigyreally only to conduct sensitivity
analysis as the sixth step of Gilbert-TroitzschiglesBy manipulating input parameters
of individual reruns of the program one can tryigolate their impact upon simulation
outcomes, infer real world consequences, and subsdyg recommend modifications
(if possible) of those parts of the real world &rthat might change functioning of this
modeled complex system in a desired way. Therestilis of these modifications are
different from what has been expected, one eitlzer th change assumptions of the
model, or run more simulations in order to explarediscovered end states. This is
probably the only way how to build a weak but asksome non-trivial data link
between the model and the target.

4.4. Research Questions

The question or rather problem that drives my nese#& whether properties of the
international relations system enable and faciétauccess of cooperative behavior, or
alternatively if such a success is just a mattecludnce?l don’t ask if there is any
cooperation or possibility of it, since there olaty is. The issue is rather whether the
situation we observe is just an accidental evandlternatively a necessary outcome of
a given system. To use a distinction between varitvaditions of methodological
individualism as interpreted by Lars Udehn (2002)yould simply like to know, if
cultureless Hobbesian state of nature exemplifigdhe Prisoner’s Dilemma payoff
matrix leads towards some kind of spontaneous adetescribed by Adam Smith and
possibly represented by repeated mutual cooperatidrassociated payoff shift. If not,

then adverse conditions can cause existing coaperad disappear without great
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chances of being established ever again. But retiesome push towards cooperative
spontaneous order, even if in form of only unstabtgiilibrium, then recurring
disruptions will be probably overcame by reestdiglds cooperation at the end. And we
will only need a proper ratchet to minimize effestsuch disruptions.

Before proceeding to specify additional issues LMidike to examine in this
thesis, and before describing particular featufeébe operationalization, it is necessary
to look at my research from the perspective okdatevaluating its added value. Thesis
deals with the international relations system aiitthi wooperation in it. Whether states
have to wage wars, or are instead encouraged foecate, relates to all the people’s
lives, so there is hardly any doubt of real worttgportance. Model should improve our
understanding of stability of cooperation and pdevus with insights into probable
evolution of the system of international relatiomfiat might enable us to prepare for
future events and to prevent occurrence of sontbaxfe that can disrupt cooperation.
Exploring the nature of the system turns intermatioenvironment more legible for
practical politics thus making it better equippedléal with new situations.

Similarly with respect to scientific significancadascholarly literature (King —
Keohane — Verba, 1994: 16-17; Walt, 1999: 12-13js tthesis fulfills stated
requirements as well. Proposed model contributesth&oretical thinking about
international relations by trying to unite featumfsdifferent schools within a single
framework. In the previous chapter you could fineveral attempts to reconcile
rationalism and constructivism, and to solve theollte/relative gains problem. Design
of the model also combines and further developgouarelements already present in
different agent-based models, but not yet joinggtioer under the common roof with a
specific intention to mirror the international rdas system. For me this fact represents
the greatest added value of my model. Moreovergthee some features presented in a
radically new form unexamined within the literated not applied in the Prisoner’'s
Dilemma models so far (payoff shift, occurrenceimteractions etc.). All that may
already secure the necessary scientific signifieari¢he proposed model.

Yet there is one more fact contributing to the stifie importance of my
research and that is an attempt to rerun Axelredond tournament and compare its
outcomes with results of the proposed model (coaiphty is secured above all by
using the same set of strategies). | considerré hader significance criteria because it
concerns replicatiof somebody else’s research rather than enablingcegjon of

one’s own researchy somebody else, which of course relates to thel thwaluative
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criteria. Axelrod himself (2003) stressed the imiance of replicating results published
by other scientists as a kind of self-check bydrseipline itself (one of the very few
examples is Axtell et al., 1996). By way of repting results of already existing models
one can easily reexamine their validity and robesstrboth under original and modified
settings. But Axelrod realized the problems resgltfrom low availability of source
codes and limited space for description of modelsdientific journals (2003). How |
coped with these problems is shown in subchaptirdewith operationalization.

Resemblance between crucial characteristics ofrtbéel and those of the real
world system is besides theoretical justificatiore @f two pivotal requirements of the
plausibility criterion as applied upon agent-basetntific research. All the features
included in my model are in fact intended to secdtsreealistic nature and thus to avoid
objections to the insufficient relevancy for thalrevorld. High empirical plausibility of
model’'s assumed properties serves as a link betweergoal of exploration of the
international relations system and results of caewpagimulations. Understandably, |
tried to base all assumptions in my model on atlsame empirical grounds and/or to
justify them analytically. Hence even though theémegument for using the Prisoner’s
Dilemma game was theoretical, its general applitghinderlines that too. Assumption
of distance between actors as a factor influenocurrence of interactions similarly
demonstrates strong empirical basis, and payoft gii the third example has both
theoretical as well as empirical foundations. Tame holds for all other assumptions of
the model. As a consequence of the way how theogexp model was constructed, its
overall dynamics will be greatly enhanced compdeegredecessors, and the similarity
with real world environment will be unparalleled spée inevitable simplification.
Whether the model is also lovely or not, is atehd only upon the reader.

As regards ability to replicate results of my siatidns by other scholars, |
ensure this in three different ways. First, latert pf this chapter explains in a detailed
manner how | operationalized variables proposedhan model of the international
relations system. Second, source code of the ce@npubgram that made simulations
possible will be enclosed to this thesis. And thatl the data generated with help of
repeated reruns of the program with various sestofgnput variables will be available
as well. With respect to what Gilbert and Troitz¢2005) called verification, and which
| placed within the third evaluative criteria besauof its key role for replication, with
respect to all that | hope | did my best and gtofi all bugs in the code. But | postpone
proper elaboration of this debugging step of redeatesign until | deal with the
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operationalization of variables themselves andingithe source code as such, i.e. till
we know what to debug.

The last, but not always attainable part of broat#ifined replication criteria of
a good agent-based research is empirical testiogberl clear, modeling behavior of

specific states facing each other in some parti@itaation was definitely not my goal.

The real power of game theory, for both empiricad aheoretical
purposes, emerges when it is used to generate mdings and
understandings rather than to reconstruct indiViditaiations. (Snidal,
1985: 27)

The real world guide for construction of my modehsvnot some spatiotemporally
limited case study as for example arms race betoeeWW!I, or the Cuban Missile
Crisis. Instead, empirical plausibility of model@ssumptions that mirror systemic
characteristics is meant to facilitate inductivengmlization from simulation outcomes
towards consequences of international politicseggands evolution and stabilization of
cooperation among states. The purpose is not tehsmine particular case, but rather
to enable interpreting and seeing the events irniational politics through lenses of
those expected consequences. Yet testing thesetivellgeneralizations either with
respect to past developments, or possible futurdifioations of the real world system,
is unfortunately beyond the scope of this thesidil®/in other research designs
empirical work only starts after formulation of gretions, in case of agent-based
models and multi-agent simulations this is simylar$ here often the end.

Now what are the specific research questions bgsitegeneral one, which was
stated above? First, given declared attempt tonréixelrod’s second tournament, |
would like to examine robustness of his results smccess of TFT strategy. Second,
given outcomes of previous models and presenceogparation in the international
relations system, conducted simulations should teagimilarly cooperative pattern of
interactions, at least if the proposed model idisga enough. Thus | would like to
know what share of overall interactions (of the manand also in the system) would
end with a mutually cooperative outcome and how ld/@ube influenced by changing
simulation parameters. Third, apart from the qoestif what particular strategy would
be victorious under various circumstances, | ambmawven more interested in what are
the properties of prosperous strategies. Would theymore generous than strict
reciprocators (this is what | expect), and if ybent how much? Or would it be

excessive retaliation that would secure succesg? D@lay any role whether the rule is
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deterministic, or probabilistic? Accumulated gaass a proxy for prosperity together
with the share of mutually cooperative outcomesb&nas furthermore to isolate the
impact of various input settings and variable patars upon evolution of cooperation
in the system and upon success of particular (tppestrategies. Finally, if we consider
dependence of interaction occurrence on poweripof actors, i.e. situation when the
most powerful players interact also most frequerathyd especially so with other
powerful players, then it seems intuitive that dations may lead towards some kind of
scale-free or small-world network. Emergent topglagan important issue since such a
structure of interactions in the system of inteioral relations would have significant
consequences for stability of cooperation within Atl this because scale-free and
small-world networks can better overcome loss ahividual cooperative nodes and
prevent spreading of defective behavior than thepE von Neumann or Moore
neighborhoods. Forasmuch as this is the last iterthe list of problems | would like to
examine with respect to cooperative tendencieséniiternational relations system, |

can now proceed to deal with the operationalizabibthe model.

4.5. Operationalization

To successfully move from description of proposédracteristics of the model of

international system to multi-agent simulations ntkelves, one must necessarily
translate rather vaguely stated ideas into prdoise of some computer program. If we

stick to the ‘prototypical specification’ of spdtiagent-based models (Dibble, 2006:
1517) then besides agents, environment, and varidas governing their interactions

one must also pay attention to initial conditiohghe start of the game, to the timing of
various processes during the simulation, as wetbake way how generated data are
stored and processed. All that will be dealt withtis subchapter.

As Gilbert and Troitzsch pointed out (2005: 21)eaman either try to write his
own computer program from scratch, or to chooseeasier option and use some
already existing platform with available librari¢for their review see Railsback —
Lytinen — Jackson, 2006). If researcher decidesrms up writing his own code as
happened in my case, “a question then arises dbeutest programming language to
use” (Gilbert — Troitzsch, 2005: 21). Luckily, tleeexists one type of languages that
makes programming of multi-agent simulations mdfecéve:

Contemporary object-oriented programming (OOP) Umggs are
particularly natural ones for agent-based model@lgjects are structures
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that hold both data and procedures. Both agenteandonmental sites

are naturally implemented as objects. The ageats fields (its instance

variables) represent its internal states (for exapgex, age, wealth). The

agent's procedures (methods) are the agent's nildsehavior (for

example, eating, trading). This encapsulation térimal states and rules

is a defining characteristic of OOP and greatlylitates the construction

of agent-based models. (Epstein, — Axtell, 1996: 5)
First, by creating class of objects scientist definvhat attributes (data variables and
methods) are common to all members of that pagicuolass. For example in my
program all objects representing individual cowsrare members of a general class
called ‘states’and must be able to store own capability leveltiapposition, outcomes
of previous interactions, and they must also useesdecision-making method, which is
actually their strategy ascribed to them at theirbegg of each simulation. Second,
objects as autonomousstancesof some class have to be initialized by loading a
simulation per se. Noticing the similarity betwesrtonomous objects and independent
agents, it makes perfect sense "that nearly altiragent simulations are written using
object-oriented programming languages” (Gilbertreitesch, 2005: 181). These are for
example Java, C#, Visual Basic, or the latest wassiof Fortran. Writing the whole
source code in C# is in my case a perfect examplpath dependence effects of
accidental circumstances. | had very little or mmwledge of agent-based modeling,
multi-agent simulations, and object-oriented pragrang, when | started to learn C#.
At that time, studying new language seemed to meiffisult as trying to understand
functioning of any of the available platforms andce | was able to acquire the 2008

edition of Microsoft Visual Studio development emviment for free, | opted for C#.

4.5.1. Debugging, Baseline Models, an@raphical User Interface
Before portraying the way how | formalized indivadwariables of the model, let me
say few words about starting, running, and repgatire simulations. One of the key
steps of multi-agent simulations of agent-based et verifying that there are no
bugs in the source code. And as already mentiohedea this search for errors in the
program is also an inseparable part of the proaesed to secure that our own results
are replicable by other scholars. Then the bestheay to verify the source code “is to
re-implement the model using a different prograngrianguage” (Gilbert — Troitzsch,
2005: 212). That is exactly what | did with respecthe largest part of the code, where
all strategies are formalized. Although Axelrodscsnd tournament was done more

than 30 years ago, Fortran 77 in which it was wemitis an easily understandable
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language. Therefore | was able to translate alstrstegies into my C# code. Besides
facilitating the goal of replicating Axelrod’s rd&s) such a translation of the code from
one language into the other represents a greatrtjnity to check whether your new

program is written correctly or not, since any esravould only widen the gap between
original and replicated results.

However, problems can arise even from the oldc®muande. Articles published
in scientific journals generally contain only vdasief description of the model, and just
a sample of generated results usually already rim fof statistical analysis. In such a
situation you need to revive and rerun the old mogin order to get data you would be
able to compare with outcomes of your own trandla@urce code. Yet Axelrod made
public only the code that formalized second toureats strategies, and not the rest of
it that determined exactly how actors interactetire€ problems appeared. First,
because of the missing part of the code, | hadlyoan written description of the model
published in a journal article (Axelrod, 1980b).t¥eliting of the article was not perfect
as exemplified by the missing number of repetitionghe fourth run of simulations
(Axelrod, 1980b: 383). Second, according to the esaaticle 63 strategies were
presumably paired in 3969 different ways (63 x @3)at is not true. Even if we allow
for repetitions in form of interactions with ongsene can combine 63 rules in only
2016 unique ways. Since we lack detailed infornmaibout how the tournament was
conducted, it is possible that interactions of maars were computed twice with
maybe different outcomes each time thanks to piititab nature of several strategies
included in the original model. And finally, durirtpe reviving process of the old
Fortran code (wo)man needs to use so caltemipiler that executes given program.
Compiler used by Axelrod is no longer available,l $0ed to use Intel Visual Fortran
Compiler (version 11.1.035) that seemed most capablcoping with the original
source code. But for whatever reason, and even @difeussion with Fortran specialist
Ladislav Hanyk from the Faculty of Mathematics d&tt/sics of the Charles University,
this compiler was unable to execute some of thetiphellconsecutive IF statements
present in several strategies of the program (atbepilers were even less successful).
Debugging via translating the code from one languiagp the other was therefore far
from unproblematic. While trying to compare resat9oth codes, | thus had to rely on
insufficiently detailed results as they appearethépublished article (Axelrod, 1980b).

Although debugging via translation proved at tinel @xtremely helpful, there

are several other strategies for verifying the paog (for general discussion see
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Axelrod, 1997: 210-214; Gilbert — Terna, 2000: §9fTest everything” is just one of it
(Dibble, 2006: 1541). According to that principleuwshould try to isolate and check
every change you have made to the code and everyaou have introduced, in order to
see if their consequences corresponds to the etmetd under controlled conditions.
This seems to be an extremely time consuming adadellow given approximately
4500 lines of code in my program, but at the erwit help to avoid even greater waste
of time spent in search for some hidden bug. Howelvesides using inbuilt Visual
Studio debugger and fully relying on it with respéz solving any possible floating
point difficulties (Polhill — Izquierdo — Gotts, 26), | chose a bit different strategy of
verification than that ofesting everythingl did try to verify many features in isolation,
but most importantly, after finishing the programeliewed all the strategies one by
one again, comparing their functioning in the tfatesl and the original source code. |
actually even found some bugs in the Axelrod’s doglemore on that later.

Axelrod’s model with all its features then undenstably represented one of two
so calledbaseline modelsr my research and | used it both for debuggargl also for
enhancing scientific significance of my researchattempted replication.

The baseline model can be designed to be the dgntvaf a null

hypothesis in statistical analysis: a model whimat expected to show

the phenomenon in question. Then if an additiothéobaseline model is

made, and the model behaves differently, one casube that it is the
addition which is having the effect. (Gilbert — Tesch, 2005: 201)

My second baseline model, which | have introducely after successfully replicating
Axelrod’s second tournament, served as a null Hgm$s per se and thanks to its
features also as an intermediary crucial for comgaresults of the proposed model
with those of Axelrod. In this second baseline niddesed all 63 original strategies of
the second tournament (later | use only 62 unigeersd tournament rules since two of
the 63 were identical), the same payoff matrix a®lfod did, and most importantly
round-robin pattern of interactions.

Even models that seek to understand the effectspatial or other

interaction structures should be able to run aiapabntrol simulations

where the same set of agents interacts in a naldesp.. in order to

distinguish the effects of agent or other modelcgations from the
effects of their interaction structure. (Dibble 0801517-1518)

But on the other hand, | added into this seconelres model additional strategies that

proved successful in other Prisoner's Dilemma m&dahd disabled interactions with
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oneself. | also computed outcomes of every rounshtefactions for both members of
the pair at the same time and run each simulatiwntife same number of 10 000
iterations as in the full version of my model irssteof averaging 5 reruns with different
lengths like Axelrod did. By doing this and onlybsequently complicating the model
by additional features like payoff shift, noise, power-proximity determination of
interaction occurrence | was be able to find ouatnimpact had all these features upon
results of multi-agent simulations.

The last thing | would like to mention before tingnto formalization of model’s
individual features is the graphical user interfé@&®J1). Older models usually existed
just in form of computer programs that were contpilyy a compiler and researcher
often got only the final results (this was also tase of Axelrod’s tournaments). Any
change of settings required change of the sourde.d®ecently developed multi-agent
simulation platforms represent great progress sihey already enable to quickly
modify input settings by way of various check bgxgsnners, and buttons. That is also
the reason why I built the GUI for my own prograsweell.

After loading an executable file that starts thel@gtion, researcher can in the
main window of the GUI determine initial settingé subsequent simulation. These
variables includes number of actors, level of batids of noise, payoff matrix, speed
of payoff shift, initial power level, and the patieof interactions (round-robin or power
and/or proximity dependent). In another window dinen chooses, what strategies to
include in her/his experiments. Running the simaikatn still another window is quite
simple and user always knows the iterations cawdrall sum of gains for each player,
as well as who is currently winning the game. Affaishing or interrupting the
simulation, researcher can save the outcomes, esat mitial setting before starting
another rerun. | also tried to make the GUI as fisendly as possible. Besidéselp
item in a menu bar that offers specification of gfregram’s functioning, there is a
button that checks if payoff matrix correspondsht® Prisoner’'s Dilemma, and another
one that resets the matrix to original values ulsgdAxelrod. User can also easily
redistribute strategies on a playing grid or chatigem individually by rewriting
numbers shown in the corresponding table. Finallytten description of all strategies
can be displayed in the same window where thesevii@ial rules are selected, and
before starting the simulation or after interrugtih one can also examine whether the

interaction of any particular two players would ocm the next round, or not.
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4.5.2. Agents and Environment
Some features of the model present very little lerobduring the coding process, while
others are more complicated. In general, agentsamtonment pose comparably less
difficulties than principles governing their mutuateractions, or corresponding rules of
behavior. We strive for heterogeneity across sitiaria in order to avoid results that
would be caused by accidental circumstances asd#terogeneity is secured by many
agents, different haphazardly distributed stratgrmultiple simulation runs, many
random variables, and probabilistic interactionuscence. Thus for heterogeneity you
need both quantity and variability. If some stafdtern appears out of such a model,
robustness of acquired results would be consideraiét securing conditions that
enable heterogeneity is much easier with respettteaule of numbers than in case of
variability. Creating dozens of the exactly samerdg is not a big deal. Environmental
variables are a bit more complicated since theyleare different consequences even
under similar circumstances especially if they prebabilistic, but they are applied
upon all objects in the same way. Random numbmengd, and noise belong to those
features that are easier to formalize, while ir@Boa occurrence is a bit harder nut to
crack. True complications then arise only from falizing the set of various strategies.

Not only many strategies, but also all probabdiggatures like computation of
noise and interaction occurrence require generaiingom numbers out of the interval
from 0 to 1. As recommended by others (Dibble, 2a®@21-22), | picked up new value
from this interval every time | needed to use adcan number. With respect to timing,
power levels of all states were simultaneously tgdiafter each round. Since not all
pairs are activated in every round anyway, contisuopdating would be of dubious
added value, if not even distorting results tham&sthe influence upon average
capability level. Finally, players suffered fromthdinds of noise, but unlike in case of
misperception, the fact that agent misimplementé&ihér own decision became
necessarily known immediately afterwards in thetrrexind, so that the actors using
particular strategies (e.g. CTFT) would be abledaect this type of mistakes. It also
required little modification of some of the Axelfedbehavioral rules (without impact
upon the logic of their decision-making), because bf them saved their last move
similarly like strategy called APPOLD at the timé d@ecision, not at the time of
execution. Such a formalization would have basicaiindered correction of own
implementation mistakes. On the other hand, auticaibt revealing the fact that (s)he

misperceived opponent’s behavior makes very litiese and there is no need for that.

10¢



Outcomes of the game are dependent upon actiob®tbf players and those
actions in reverse depend upon choices made wilh dfethe previous experience
(maybe except in case of RANDOM rule). If one deemething different than (s)he
decided to, the outcome will change and the playkinevitably note that expectations
and results do not meet. This holds as far as oae dot misperceive the final outcome
of interaction at the same time. In that case, weweplayer has little opportunity to
find out immediately that (s)he is deceiving hinarself. Of course, there are
learning strategies and various averaging mechantisat can minimize effect of such a
mistake. And many players applied them in one wathe other. Yet this is a matter of
individual effort and not of systemic tendency. Biynstated, one can compare own
intentions with the reality of what has been doBat there is no alternative reality,
somehow more real than the one we individually @ee; with which we could
compare our views and definitely say, that yes ithieally real. We don’t see into the
minds of others, and we cannot get out our own.nfEking we can do is to try to
approach “the truth” yet we can never grasp it gly. We can only constantly
develop better learning strategies, but withoutghssibility of ultimately and forever
deciding what is the only one correct perceptionmight all sound a bit complicated,
but it is as plain as the fact that if either miggption or misconduct occurs, it is not
undone in the future as a matter of course. Thectffmight be corrected by individual
actors but do not have to.

To get back to actors themselves, they are sarteein capacities to store and
process data, but because they have been givesusiricomplicated strategies, they
can be vastly different with respect to how theg thés capacity. After baseline models
using number of actors equal to number of differgnategies, the full model works
with 100 independent actors (4950 unique pairs)clvishould provide a sufficiently
large environment for desired heterogeneity. Sithee pool of available strategies is
smaller than the extent of population, certain amicaf actors corresponding to the
difference between these two numbers will use hehavrule already present in the
population. However, no strategy will appear maneets in a given simulation than is
the nearest integer greater than the ratio of @dion size to the strategy set. Number of
actors is determined by the size of closed squittide (i.e. toroid) representing a
playing grid. As a consequence of closed charadtdre environment, cells at the edge
of the playing grid are neighbors of those at thpasite one. One can imagine many

other ways how to model territorial character ohydrs, yet the toroidal shape is
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arguably the most common spatial environment innegased models and also the
easiest way how to formalize the real world of iat&nected spherical Earth.

There are 10 rows and 10 columns in this envirorinaed each player has 4
immediate neighbors. If we consider the fact thatrg sovereign state in the real world
has in average approximately 3.2 unique neighbordaad, and approximately 5.2
unigue neighbors if we include also maritime bosdénen 4 seems to be a reasonable
amount of bordering players. Not to mention that ®guare cell is very easy to
formalize. In order to create exactly the same ttaws for all players, symmetrical
lattice is a necessity and the number of celloimsicolumns is a compromise between
what is required by pool of strategies, what is aggable as regards computation time,
and what it ‘lovely’. Fourteen cells in a row/colormake simulation already too slow,
while 8 cells do not enable us to use all behaViarkes. 10x10 playing grid is the

loveliest solution resembling a kind of Schellingéacal point

4.5.3. Interactions and Payoff Shift

In complex systems modeling there is a shortagerababilistic nature of interaction
occurrence and the proposed model is therefore evere important. It has been
already stated that unlike in Axelrod’s tournamentthe present model actors do not
play against their twins unless there is a diffeesbbetween number of players and
number of available strategies causing subsequeantliitiple entries of particular
decision rule. Since the Prisoner’s Dilemma ganlebei played repeatedly, occurrence
of interactions among any given two players mustteputedde novoevery round
with updated power factor (spatial position of astoemains stable). Whether two
actors will or won't interact in a specific rouncpmkends upon the average of two
variables: proximity and power. Both of them aremalized to the interval from O to 1.
In case when their average equals to 1, interactoars with certainty, and if it equals
to zero, then interaction cannot occur at all. Bpabbsition variable gets value 1 if the
players are immediate neighbors, and it moves tsvaras their separation achieves
the greatest possible value (5 units horizontadlyvell as vertically on a 10x10 grid).
With respect to power variable, it is an averageirafividual power coefficients
computed for each player according to its own pmsitvithin the system. In general,
the greater is the sum of actor’'s gains comparedvirage capability level in the
system, the closer is the actor's power coeffictent. Powerful players thus interact

with each other more often than others. Finallg #verage of power and distance



variables forms the interaction occurrence prolitghip) and if this is higher than the
number randomly generated from interval betweem@ &, then interaction occurs.
Different numbers of 4950 existing pairs are ad¢#&dain each round and individual
probabilities of interaction occurrence for anytlod existing dyads are independent and
nonexclusive both with respect to each other atagabetween iterations of the game.
Now let me explain these two variables more clasklgdel formalizes power
as a sum of gains attained from binary interactidinemits internal sources of power
(population, natural resources, extent of territetg.) in order to remain as simple as
possible. To include them would necessitate algmdtization of wide variety of
phenomena such as mobilizing factor of nationalisngonquering wars. In this model
all players start at the beginning from the same (equal power) and differentiate only
as the simulation proceeds. It is however not cieffit to say that the most powerful
states in terms of accumulated capabilities alwateract with all other actors in the
system. First of all, because of binary interactione have to compute power
coefficients for both players and then make theerage that represents overall power
variable influencing given pair’s interaction ocance probability. Second, we have to
make a difference between various distributionsapfabilities within the system.
Imagine two environments with eleven actors eactbdth of them ten players
have capability levels equal to 10 power units. Wet last, most powerful state has
strength of 11 or alternatively 20 power capabilityits. These are two very different
situations. In the first case, capability leveltbé most powerful player is very similar
to the average level within the system. One casagptthat about the second alternative.
To assume the same interaction occurrence conseegiéor the most powerful players
in both distributions would be a mistake becauseirthelative positions differ
enormously. Trying to solve this problem, | expt individual power coefficienty)
to be 0.5 in case when state’s capability leVd) equals to the average level within the

system YWavg). This coefficient is then computed accordinghe following formulas:

W
1-05x —9
W

7 :

)
I

Avg

Apparently, the bigger is the difference betweeayet’'s capability level and the
average sum of capabilities per state in the systhencloser is the individual power

coefficient to one of its extremities (0 or 1). Théwe want to determine overall power
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variable €i) that is necessary for computation of interactamturrence probability
itself, we just need to make an average of two éxadh states’individual power
coefficients ¢ andcy). Proposed way of computing the power variable leasjzes the
relational character of power too. This is becausetake account cdveragelevel of
capabilities in the system and thus changing pgwsition of some third actor will at
the end affect interactions probability of any t@@mined players.

Resolving the question how to formalize spatialitpms variable appears at the
first sight easier since contrary to capabilitydsy mutual distance of two potentially
interacting players is the same for both of thefmusrone does not have to make any
averages. To understand my argument, imagine aesdatice, 10 cells wide and 10
cells long. Closed character of the lattice thesuses that the greatest possible distance
between centers of two interacting cells is 5 uimtititude as well as longitude. If the
cell of a given state has coordinates [x, y], wheamdy are integers from 1 to 10, then
the most removed cells have coordinates [x + 55} and their distance is according to
the Pythagoras’ theorem/8. On the other hand, the smallest possible distahat of
immediate neighbors, is one unit either in long#wt latitude. In such a case, spatial
variable &) equals to 1, and if the distance i25then this variable decreases to zero
(sk = 0). Any value of distance falling between these extremities can then be easily
normalized to thesy interval from 0 to 1. In order to compute spatiafiable also for
other sizes of the playing grid and not only foe tOx10 square lattice, | then propose
the following formulas. First, we need to know, wigthe maximum distancel{.y

between two players in a given table:

(8) dmax = \/I_Xmax/ 2J2 + I_Ymax/ 2J2

Since our playing grid is a square lattice, to ge@haximum distance we simply apply
the Pythagoras’ theorem upon the floors of overathber of rowsXmay and columns
(Ymay €ach divided by two. Division by two and floorirge required because of the
closed nature of playing grid. Then with help af tolumn ¥) and row positionsX) of

playersi andk one needs to choose one of the following fouriadtives:
d :\/(Xi Xk)z +(Y| _Yk)2

b)  If X =% < Xmax/2 and ¥ = Y| > Ymax/ 2
d = \/(XI _Xk)2 + (Ymax_ |Y| _Yk|)2

(9)

A
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c.) If X —X]| > Xmax/ 2 and Vi — Y| < Ymax/ 2
d = \/(Xmax_ |X| - Xk|)2 + (YI - Yk)2

(9)

d = (X | X = X+ (Vo= | Y = WV

Now it is already clear that computation of spataiiable is nothing similar to a simple

process. Equation (9) uses the Pythagoras’ thedoegalculate the value of actual
distance ) between any two players. Then it only remainsdomalize this distance to
the interval from 0 to 1, so that we finaly get treue of spatial variablex. That is

what the equation (10) does using the maximdma,(and minimum distance (one).

(10) Si = (G = d) / (dpy = 1)

On the following figure below, you can see whatuesl the spatial position variable

gets (vertical axis on the right). The black lisghe same for every player when paired
with other 99 actors (upper horizontal axis) aresh@ccording to distance in the full

model simulations. And you can also notice thatftimther away from the middle value
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Figure 4: Reward Payoff Change at Various Speedsgayi Axelrod’s Payoffs,
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of 0.5 you look, the steeper is the black lineother words, there are relatively few
very distant as well as immediately neighboringypta, but comparatively more
opponents with distance equal or close to halfwetywben two extremities.

In fact, what | did above is only mathematical fatipation of the intuitive
assumption that the bigger is the distance sepgratio players, the lower will be the
final probability of their interactions. After proping the formulas for determining
values of powerdy) and spatial variablesf), the final step in deciding whether two
states interact in particular round of the Prisendilemma game is to compute
interaction occurrence probability and compare ithwandomly generated number
from interval between 0 and 1. If the overall charaf two actors to interacipi)
exceeds randomly generated number, their interackcurs. So ipi is 0.7, then there
is a 70% chance that randomly generated numberdamlower thamy and thus also
a 70% chance of two given players’ interaction ocnce.

Yet there are several different ways how to compptebability of this
interaction occurrence. One can of course deterihiiseprobability with help of only
one factor, either distance or power. In that dhsecomputation is rather simple and
we need only to take the value of the variable eamed and use it as an interaction
probability itself. This can serve us very well esially if we want to isolate effects of
power and distance upon outcomes of the model. lAfd it in my simulations. What
interests us the most, however, is the interactimbability based on both of these
factors. And here we face three computational ogtio

First, we can understand two variables formalizeédva as probabilities of
independent events given distance or power of tkemened players. Any final
interaction occurrence conditioned upon presencbotii of them is then a result of
joint probability of these two independent evemtsother words, P(A B) = P(A) x
P(B). Playing dices and estimating probability lmfotving snake eyes can illustrate this
situation. This probability is 1/36, which is exXgctl/6 x 1/6 for two independent
events, i.e. for throwing two dices. But this wdycomputing probability of interaction
occurrence has a drawback. The theoretical prolddhat what we deal with in the real
world are not two independent events based on raistaand power. We are not
computing joint probability of the one interactidatermined by distance and occurring
simultaneously with other interaction based on powsen if this were the case, there
would be the second, practical problem. Given stmmputation, there would be no

difference between frequency of interactions of tgveat powersdi approaching 1)
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and two players at the other end of power laddeviged that in both cases actors in
these pairs would be maximally distarsk (equal to 0). There would also be no
difference between pairs of two neighboring and tmwaximally distant players
provided that actors would be among the weake#tensystemdy approaching 0). In

all these cases no interaction would occur. Thassdwt make much sense, since states
interact when they share border, even if they atepowerful. Great powers frequently
come across each other, even if they are from athds of the world (think about
Singapore during the WWII), and the USA interacithwChina certainly more often
than Guatemala with Bhutan. This kind of interactmrobability computation would
make appropriate differentiation between thesescaspossible.

Second, we can understand the final interactiobgiity as the union of two
events so that instead of requiring their simultarseoccurrence, it would be enough if
either of them is present. Given the fact that ®wents are under this logic non-
exclusive since great powersg(= 1) can be also neighborsy(= 1), then such an
understanding leads to the following final probipitomputation: P(AIB) = P(A) +
P(B) — P (An B). To illustrate the argument, this computatiopresents the probability
of throwing six OR five on either of the two dicd&ut besides the theoretical problem
common with the previous alternative of probabititymputation, there is also similar
practical problem. In this case, there would be difference between interaction
frequencies of pairs composed of neighboring goeaters €ix = 1 andsk = 1), or of the
most powerful yet maximally distant actor € 1 andsi = 0), or alternatively of the
least powerful and at the same time neighboringgstéx = 0 andsk = 1). Interactions
would occur every single round in all these sitragi However, this is not how
international politics works. Relations betweenrfee& and Germany were during the
end of the 19 century more intense than those between Francelapah (and this
similarly holds even now). Not to speak about thegfiency of interactions between
China and Russia on the one hand, and Kyrgyzsttdn Wejikistan on the other. They
are anything but similarly intense.

It is the third option of interaction occurrenceolpability computation that |
opted for. In my model | set the value of this @bitity to be equal to the average of
two above mentioned factors of power and distabeeause it is the only way how to
properly formalize the functioning of the intermattal relations system. Only under this
out of the three mentioned computations it is gmego say that no other pair except for

the one with two least powerful and simultaneounstst distant playersit = 0 andsk
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= 0) has the smallest interaction probability ie tystem. And that the neighboring
great powersdy = 1 andsi = 1) interact in every single round unlike stateany other
conceivable pair. To get a better picture of myuargnt, think of cube placed at the
origin of three-dimensional Cartesian space wheogizbntal and receding axes
represent distance and power while vertical axdads for interaction probability. Then
if we sum distance and power vectors, project st via perpendicular upon cube’s
face diagonal within the distance-power plane, rpetat the same with respect to space
diagonal that goes through the origin, then theiezalf the interaction probability as
projected on the vertical axis from the space diafjovith help of yet another
perpendicular will be exactly one half of the suhtlistance and power variable values.

This kind of probability computation can cope widltl practical problems
present under the previous computational alteragtivand their solutions perfectly
correspond to reality. Even the common theoretidawback of two alternative
computations exists no more, since we are not ysiagabilities of some independent
events to get final joint probability or the proliay of some union of events. Instead,
one simply takes two different variables and deiees how they influence single
interaction probability. All this in order to forrize intuitive assumption that the closer
two players are and also the more powerful theytheemore often they also interact.

One more factor still remains unformalized. It e tpayoff shift. In order to
secure comparability of results with the originalutmament, reward for mutual
cooperation (R) has to comply with the Prisoneremma payoffs ordering even after
the shift. It can therefore move according to pattef interaction within the interval
from T to P, and if additional Prisoner’'s Dilemmandition of once repeated reward
being higher than the sum of temptation and supkswoffs applies too, then mutual
cooperation gain must be even greater than (T/2SWith respect to Axelrod’s payoff
matrix (T =5; R=3; P =1; S = 0) used also iis tnodel, it means that R can shift
between 5 and 1 or alternatively between 5 andd2fending on how strictly we
comply with the Prisoner’s Dilemma conditions. llwiescribe how to formalize payoff
shift given less strict conditions for payoff matribut in the later simulations | of
course examine both alternatives. Following equatican be at the same time easily
modified to represent the stricter requirementaels

In order not to overshoot definitional conditionk tbe Prisoner’s Dilemma
ordering of payoffs, round by round reward chanfighe same type will gradually

diminish towards the extremities (5 and 1 on tHeuertical axis on Figure 4), and it
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will be more rapid in case when the current rewardose to its initial value from the
beginning of the game. Shape of the correspondingurd shift curve depicted as white
lines on Figure 4 would, therefore, be that of apomential function approaching
temptation payoff limit in case of continuous mutwaoperation (CC), and of a
function approaching punishment payoff limit in ead repeated defection (DC, CD, or
DD). Now first, a simple shift counter whose absolute value is depicted at the bottom
horizontal axis, is raised by one every time mutoabperation occurs and again
decreased in case of any defection. It equalsit@gactly one half of all outcomes of
previous interactions of a given pair is mutuallyoperative. Given particular shift
speedt) set by researcher at the beginning of the sinmaand as far as what we deal
with is areward shift (i.e. shift of the payoff for a CC outcomehen following
equations portray how much does overall capabéiel (W) grows after any additional

mutually cooperative outcome:

a) Ifr<o0 then: W, =W,,+ (R -(R-P)x (1— t‘*‘))
(11)

b.) else: W, =Wy, + (R+(T-R)x(1-1t))
Current gain from mutual cooperation is a sum oitiah reward payoff and
corresponding increment or decrement accordingigtoty of previous interactions.
Swift change of the reward payoff suggests thatinga& friend or enemy takes a blink
of an eye. It can be an example of a system witfepty informed players that know
exactly who they interact with and what kind of ten they can expect from other
players. Just a few interactions suffice for a ptay such a system to get to know the
other actor in their binary encounters. If we ustind payoff shift as a metaphor for
the emergence of culture of amity/enmity and thuigdss)trust, then in such a system
trust is created very quickly. Different speedsliag to only slowly changing payoff
for mutual cooperation, on the other hand, mightlh&racteristic of systems where the
probability of stable pattern of two players’ irdetions is rather bleak. In this kind of
environment very cautious players look into thesfatwith concern and usually behave
according to ‘slow and steady wins the race’ pptewith respect to any trust building
enterprise. If they do make friends at all, thepade them very carefully requiring
relatively long history of mutually cooperative oaines for reward payoff to aproach

temptation (T) in any meaningful way.
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Sincet belongs to interval from O to 1, where O representaediate shift and 1
stands for the exact opposit, then (t)}-can also reach values only from 0 to 1. Given
constant, the first of these two extremes (0) depicts ity repeated stable pattern of
either mutually cooperative, or defective interas. It is exemplified by the reward
payoff identical to T or P, respectively. The seta@xtreme (1) on the other hand
pictures a situation of equal number of mutual @wapons and defective interactions

thus causing the reward payoff to stay at the waigievel set at the beginning.

4.5.4. Strategies
As a way of maximizing robustness of results, agpion haphazardly distribute
players with selected strategies on a playing batbre starting the simulation itself.
Repeated simulations thus do not have to start fremsame circumstances. Out of total
number of 80 available rules, whose written desioripcan be found at the end of the
thesis, only 70 actually made their way into thi foodel. | removed QUAYLE from
the original set of 63 strategies used in Axelrogksond tournament, because it was
identical to another rule called DOWNING. Moreoveadded another 5 strategies that
proved successful in other models and were thexedgpected to compete for overall
victory. Some of them were interesting improvemaefitsrevious versions, while others
were completely new. These additions included: WSE8$FT, GTFT, CTFT, and
REMORSE (the last one is described in Boerlijst ewldk — Sigmund, 1997).
Furthermore, | proposed three strategies on my @Minof them ought to mirror the
behavior of states in the international relatiogstesm. Inspired by work of Stephen
Walt on balance of threat theory | dubbed the firs¢ of them WALT. The other two
then portray alternative behavior of bandwagoning laalancing the power.

Two comments, nevertheless, have to be statedcoouat of original set of
behavioral rules that | translated from Axelrodisce code. First of all, group of 63
strategies in the second tournament were biaseartt®,cooperative behavior. Majority
of rules were nice (40 out of 63), i.e. they nedefected first, and overwhelming
majority of strategies (56 out of 63) started watoperation in the first round. Fact that
the best unfriendly rule ended up eighth must ber@ached with this kept in mind.
With respect to other characteristics of the rutlés still better to wait until the analysis
of results in the next chapter. And second poirthat there were some serious bugs in
at least five strategies in the original sourceec@HAMPION, HALL, FRIEDLAND,
FALK, and ROBERTSON). What to do with these bugsiserious problem when

11t



trying to replicate Axelrod’s results. One has bally two options. (Wo)man can either
accept them as a natural part of the code and heeptogram without any
modifications, or alternatively (s)he can get ridtleem. The first option gives you a
chance to achieve exactly the same results asaligimulations. The problem is that
because of the specific nature of these errorsrder to replicate the results you might
not only need the available part of the source ¢bdedeals with strategies, but also the
rest of it, which is however missing. Detailed feplion becomes impossible and
repairing of mistakes appears to be at least asigalsas retaining them. This second
option understands those errors as inaccuratetydiied behavioral rules. Then if the
goal is the greatest possible variability of pofiota of strategies so that we can make
plausible inferences from simulation results upoms real world phenomena, then we
should repair the code and remove the bugs in aocdirmalize these rules properly as
they were originally intended.

| decided to include all bugs from those five sgas into the first baseline
model in order to maximize the probability of sussfell replication even though |
didn’t know how precisely original simulations wecenducted. My second baseline
model and all subsequent variations of it, howewveluded debugged strategies. Yet if
the rerun of Axelrod’s tournament with help of tiirst baseline model would provide
same results as those that were published (Axelt®80b), but the second baseline
model would not, it would not prove that TFT’s sess is an artifact. The only thing it
would prove would be the fact that in that partacuénvironment (even if very slightly
different from the original) TFT was actually outfl@med. More important is whether
nice strategies would win in heterogeneous environmertt what would be other
characteristics of theirs. But let me stop for adlevnd deal with those five strategies
that contained above mentioned bugs, since theg never analyzed before.

Danny Champion proposed a generous strategy tha¢dyaghe second highest
number of points just after the victorious TFT (Awel, 1980b). In the following part of
the original source code M represents iterationntand J stands for opponent’s
decision from the previous round.

IF(M.EQ.1)K61R =0

IF (J .EQ. 0) ICOOP = ICOOP + 1
IF (M .LE. 10) RETURN

K61R =J
IF (M .LE. 25) RETURN
K61R =0
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COPRAT = FLOAT(ICOOP) / ELOAT(M)

IF (J .EQ. 1 .AND. COPRAT .LT. .6 .AND. R .GT. COPR AT)
1K61R =1

RETURN

If the other player cooperated in the last rouratjable that counts overall number of
cooperative moves (ICOOP) is raised by one. Th& firoblem is that the ratio of
cooperative moves to number of rounds can neverdre, even if the opponent
defected all the time. This is because variabl¢ shares the value of opponent’s last
move is for all players set to be 0 (cooperatidrtha beginning of each game. ICOOP
is thus raised by one even in the very first routrperly counted, ICOOP should have
been raised only from the second round on. Butiiy@act of this kind of mistake
diminishes with the rising number of rounds. Thieeotproblem is more serious.

Unlike in case of other strategies, ICOOP variablaot reset at the beginning
of each game. This creates a possibility of addipgcooperative moves of different
opponents and different games depending on thehsay simulation was conducted.
Since we don’t know the whole source code, we chbhacsure about the effect of this
error. There is some small chance that every sigaee of every single pair of possible
strategies was run individually and thus no digtorbf COPRAT variable occurred. It
would, however, require at least 10080 runs of phnegram and if we accepted
Axelrod’s incorrect number of unique pairs (3968)en there must have been even
more than 19 800 independent runs. Such a numieenssét for a superhero not a
human. On the other hand, if we assume single naghadlow CHAMPION to add up
cooperative moves across opponents and games a®dbesuggests, then only after
few games with some cooperative opponents ICOORgto such an extent that would
render defection caused by COPRAT level virtuathpossible. Strategy proposed by
Danny Champion is thus a fine example of how déiférpossible ways of conducting
simulations can influence the magnitude of effeatissed by bugs in the program.

Rule designed by James Hall ended up on tffepéce out of 63 competitors.
IB and IA variables in the sample below count nureb&f defective and cooperative
moves, respectively. They are reset to 0 afteryeggen occurrence of a given event

and they are set to 0 at the beginning of everyegaswell. K71R, similarly as K61R in

IF (J .EQ. 0) GOTO 1000
IB=IB+1
IF (IB .EQ. 2) GOTO 500
K71IR =0

500 K71R = 1



IB=0

GOTO 1710

1000 IA=1A +1
IF (A .EQ. 2) GOTO 110
K71R =0
GOTO 1710

110 K71IR =1
IA=0
GOTO 1710

the previous strategy, represents return varididé ¢auses defection if equal to 1 and
cooperation otherwise. Line 1710 (not displayedehds the end-statement. If we
consider that both parts of the code, before atedt #fe line 1000, should have a similar
structure, it seems obvious that something is mgsgist before the line 500, namely a
GOTO 1710 statement. If left unaltered, the missing line e&kB variable redundant.
After any defection of the opponent (i.e. when 1)=IB would be first raised by 1, but
immediately afterwards reset to 0 again. It woudar reach the value of 2. The same
effect applies also for K71R and causes HALL toajsy defect after other player’s
defection instead of doing that only every othereti This strategy thus exemplifies a
situation, when there is no chance to eliminate ithpact of a bug by simple
manipulation of the way how simulations are conddct

The third of the five strategies | would like toaflevith was proposed by
Edward Friedland and it finished $i.e. one place behind HALL and one place before
random strategy. Following samples represent twblpmatic parts of FRIEDLAND.

IF (J .EQ.JL) JSM=JSM + 1

IF (JSM .GE. 3)JS4 =1

IF (JSM .GE. 11) JS11 =1

IF (J .NE. JL) JSW = JSW + 1
JSM=1

15 POLC = 6 * ALPHA - 8 * BETA - 2
POLALT =4 * ALPHA - 5 * BETA- 1
IF (POLC .EQ. 0) GOTO 40
IF (POLALT .GE. 0) GOTO 70
GOTO 60
40 IF (POLC .GE. POLALT) GOTO 50
50 K74R = 0
RETURN
60 K74R = 1
RETURN
70 K74R = 1 - K74R
RETURN
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It is JL variable that draws our attention. Desfigéeng initialized at the beginning of
the simulation, it would never change its valu¢hia rest of the program. The fifth line
is even more puzzling. JSM, JS4, JS11, and JSWaai@bles that can be changed only
at the part of the code reproduced here. Theliifth however, constantly resets JSM to
its initial value thus preventing this variablerfrever getting above 2. Neither JS4, nor
JS11 can then get the value of 1. All four varialdppear completely redundant.
IF (J .NE. JL) GOTO 10
JSM=JSM +1
IF (JSM .GE. 3)JS4=1
IF(JSM .GE. 11) JS11 =1
GOTO 20
10JSW =JSW + 1
JSM=1
20JL=J
At the same time, necessary correction is very Enipsuffices to make one JL logical
conditional statement out of two and to add a sifigle number 20 (see above) that
turns JL from a constant into a variable storirg plenultimate choice of the opponent.
Problems of FRIEDLAND strategy, however, do not drete. Execution of
logical conditional statement in line 40 of the naghuced original source code has the
same result irrespective of POLC and POLALT vaeaidlues. K71R always remains
equal to 0. Furthermore, if POLC equals to 0 ($eedondition two lines below 15),
then line 40 can be true only if BETA is lower thanequal to -1, which seems rather
impossible given the fact that BETA gets a probghbilalue from the interval (0, 1).
Since POLC is actually the difference between etqukatilities of always cooperating
and always defecting options, and POLALT corresgotal the difference between
utilities of persistent defection and alternatioh cooperative moves with defective
ones, then two small changes of the source codeagable of bringing back the order
into chaos (similarity with NEWMAN and DOWNING rudecan help us greatly too).
IF (POLC .GE. 0) GOTO 40
IF (POLALT .GE. 0) GOTO 70
GOTO 60
40 IF (POLC .GE. POLALT) GOTO 50
GOTO 70
50 K74R =0
RETURN
60 K74R =1
RETURN

70 K74R =1 - K74R
RETURN



First, a new line has to be added before statemenber 50. This prevents line 40 from
being redundant. And second, equality sign in thening line needs to be changed to
‘greater or equal’. Fixed code now encompassepassible expected utility relations
between three alternatives of cooperation, defectiad alternation of the former two.
The fourth examined rule written by Roger Falk aadnes Langsted finished
33rd. Although being a quite complicated strategias relatively simple bug that can
be easily identified and corrected. The followirgrple shows the core of the problem.
Since all variables in the sample are of type lieakems that a digit on the eighth place
is scrapped at every iteration, then the remaimenultiplied by 10, and finally 5 is

added, so that the result would be again an eigitsdong number.

100 J5 =J0/1EQ07

J3 = INT(J5)
J8=J5-J3

J8 = J8 * 1E07
F5 = FO / 1E07
F3 = INT(F5)
F8 =F5- F3

F8 = F8 * 1E07
J0=J8*10+5

FO=F8*10+5
IF (J0 .EQ. 11111111) GOTO 920

The problem is that both JO as well as FO woultenehange, because even if they are
initially set to 0, their value would stay at beiagual to 55 555 555 aftef"8ound.
That doesn’'t make much sense if both JO and FOsapposed to be key variables
deciding whether to cooperate or defect. Simplé $flom adding 5 to adding J and
K85R secures proper functioning of FALK strateggrefping the eighth digit, pushing
the previous history forward through multiplicatibg 10, and updating the history via
addition of previous round decisions turn JO and iRt effective devices for
remembering the last eight iteration outcomes. Rénlihe previous bugs in other
strategies, FALK contained an error that resembidmary typo. No line was missing,
no variable was redundant.

The last suspicious strategy | would like to memii® that proposed by William
Robertson, which ended up'5 Axelrod’s second tournament.

IF (M .GT. 1) GOTO 5

OPDEF =0
STDEF =0
DL =.20
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COOPS =0
OKDEF = .TRUE.
MYDEF = .FALSE.

IF (MYDEF) OKDEF = .FALSE.

25 K5.A;i? =1
MYDEF = .FALSE.

Part of the code above portrays the lines wherebtiee distorts proper execution of
ROBERTSON. In this strategy, MYDEF and OKDEF reprastwo binary logical
variables. Yet strangely enough, value of MYDEFnh&ver changed to true, which
means that OKDEF would also never become falsegsins supposed to change only
at the place reproduced above. Sadly enough, OKB&d=a key role in preventing
player to initiate defections, if the opponent défel at the same round. Again, the
solution of this problem is much less complicatednt the strategy itself. MYDEF
should shift its value ttrue when player initiates defection. In the followirigration,
MYDEF is evaluated and immediately reset back ideorto prevent OKDEF from
becomingfalse at any other moment except for just after defeciiotiated by the first
player. Stated simply, MYDEF variable has to shdttrue in the last reproduced
statement of ROBERTSON instead of remainialge This error, the simplest one of
all considered, nicely shows that even minor amdoat imperceptible bugs can cause

severe distortion of computer simulation results.

4.5.5. Three International Relations Strategies
| dealt with those of the Axelrod’s second tournatngtrategies that contained serious
bugs and could have influenced the whole proceseeplicating his results. | also
enumerated another five rules devised by othernsithdded to the pool of strategies
used in my simulations. Yet | haven't described tiaance of threat rule that |
proposed based on Walt's work (1994) and includ#d my simulations as well.
Similarly | didn’t deal with balancing and bandwagty as two alternative foreign
policy strategies common in international relations

For many (realist) scholars, balance of power terlater alternative called
balance of threat should be a natural tendencyiwitie system. It might be therefore
surprising that | haven’'t mentioned that so farrevel am supposed to model the
international relationsystem| believe that balancing (or bandwagoning) agagosver

or threats is not truly speaking a systemic phemumge but rather an individual
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behavior at the level of units. If this is what thestemic forces allegedly prefer, then
such a behavior strategy should prove to be sutdessa model that tries to mirror
functioning of the international relations systefhat is exactly why | reached for
Walt’s theory and tried to include balance of thneto the pool of strategies. It seems
not only superior to balance of power concept, ibatso attempts to determine when
states opt for bandwagoning instead of balanciree (s.g. Walt, 1994: 29-30).
Opportunity to examine the strength of this theangler the circumstances resembling
those of the real world international relationstegswas too tempting to be missed.

Nevertheless, to make a better sense of this gyratme first needs to identify
cooperation with bandwagoning and defection witlabeng. This may seem to be a
bit overstretched generalization, but if one aceepat continuous mutual cooperation
creates trust among players, and also that thisr(afistitutionalized) trust is one of the
key characteristics of alliances, then the linkneen cooperation and bandwagoning
seems much less perplexing. The same holds fontialza Seeing the opponent as a
threat or enemy is distinctive feature of balancargl this enmity is precisely the
consequence of defective pattern of interactionsleesady explained in the previous
chapter. Moreover, this general understanding ddrfzing and bandwagoning is not
only consistent with the way how Walt used thesmsein his writings, it also enables
us to better formalize two strategies that baldrax@dwagon with respect to power only.

Walt's balance of threat theory includes four Kagtors that determine what is
and what is not a threat. | would like to propossrategy that would examine (almost)
all of them before deciding whether to cooperatdaject.

Although the distribution of power is an extremétyportant factor, the

level of threat is also affected by geographic proty, offensive
capabilities, and perceived intentions. (Walt, 194

Of course the first considered factor should bepthwver position, but not only because
balance of threat is supposed to be a better atigento balance of power theory.
Power is important also because of its key roledetermining when balancing and
bandwagoning occurs. “[W]eak states can be expectdmhlance when threatened by
states with roughly equal capabilities but theyl wi¢ tempted to bandwagon when
threatened by a great power.” (Walt, 1994: 30) Vemilar logic holds also for

geographical proximity and aggressive intentiohshé opponent is relatively close to
the country concerned, the threat it can pose mpawably greater, and thus the

probability of balancing behavior rises, “because &bility to project power declines
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with distance” (Walt, 1994: 23). Likewise, if théate is seen as aggressive, there is
little reason to expect bandwagoning from its iabéing partners.
The strong relationship between offensive intersticand balancing
behavior is to be expected. ... [i]t makes little semo ally with a state
that is known to be hostile, regardless of its ptiiaits. As a result,

extremely aggressive states are especially likelyigger the formation
of balancing coalitions. (Walt, 1994: 171; see &5p

The only difficulty with respect to my model seertts be what Walt has called
‘offensive power’. Aggressive intentions can be ilgarmalized in the proposed
model as a history of interactions while power posiand geographical proximity are
basically the factors influencing occurrence okrattions. Only the offensive power
that Walt distinguished from aggregate power artisequently defined as “the ability
to threaten the sovereignty or territorial integof another state at an acceptable cost”
(1994: 24) is hard to formalize. | find it as ahet confusing and not sufficiently
justified variable. Its explanatory power overlap#th that of power position and
aggressive intentions variable, and may possiblgvsa fully replaced by them. Since |
did not want to add another variable into my mopst because of this particular
strategy, | disregarded offensive power factor cflt¥ balance of threat theory during
formalization of its functioning.

Figure 5 portrays the principles that WALT stratdgynors while making its
choices given particular probability of interactisith any other player and the history
of their previous encounters. There is a consisteift from balancing (defection) to
bandwagoning (cooperative behavior) as one mowes the right to the left and from

the top to the bottom of that table. As one cantbeealso corresponds to increase of

Share of Mutual Cooperation

100-76% 75-51% 50-26% 25-0%
Almost
- 0,
S 100-67% ALLC TFT Almost ALLD
> C
22 Almost Almost
=5 an0
§ g 66-34% ALLC TFT ALLD
o +
- C
Q= no Almost
33-0% Almost ALLC TFT ALLD

Figure 5: Formalization of the Balance of Threat &itegy by Stephen Walt
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threat perception as defined by Walt. The histdrgrevious interactions that serves as
a proxy for aggressive intentions demonstrates edesong amount of mutual
cooperation as one moves from the left to the rgitie of the table. Similarly, shift
from the top to the bottom of the table correspotmisiecrease in probability of
interaction occurrence (a kind of proxy for shadufwhe future), and therefore to rising
distance of the players and/or their diminishingvpn Distance and capability level are
besides aggressive intentions the other two varsatilat determine threats according to
Walt. Stated plainly, as the threat grows, so dbesbalancing, i.e. defective, behavior.
Situation with the smallest threat perception B litwer left corner of the table, where
probability of interactions is low and the previolmstory demonstrates mutual
cooperation. On the other hand, the greatest tlwaatbe localized at the upper right
corner, where the previous interactions show lgtts of cooperation but at the same
time actors interact very often because they aighbers and/or very powerful states.

The rest is simple. The greater is the threat|ebe there is cooperation. Thus
after the initial cooperative choice in the firstund, one then moves from virtually
unconditional cooperation to almost unconditionafedtion, via TFT strategy that
repeats the opponent’s defection but remains peeptr cooperate immediately after
the retaliation. Player using WALT strategy firsafiates the probability of interaction
with a given player and screens the history ofrtpe¢vious encounters. Only then it
makes a choice whether to use defection, TFT, @ffer a cooperative move. Almost
always cooperating behavior in this case means WALT cooperates with a
probability equal to the share of mutually coopgebutcomes even after opponent’s
defection. Almost always defecting behavior thesspribes that the player defects after
other player’s defections and after his/her codparanoves it cooperates only with a
probability equal to the share of mutually coopeebutcomes. WALT thus seems to
be very dynamic strategy capable of adapting téalnes environment.

The fact is that balance of threat strategy assukmesvledge of power
distribution in the system, which is not always gibke to achieve in the real world with
sufficient precision. For the modeling purposess,thowever, hardly a decisive point
since it is not a matter of being or not being ablgerceive the power of others, but
only of how accurately one is capable of doindftere are many far more complicated
strategies in the pool and WALT does not use afgyrimation unavailable also to other
players. It does employ three different decisiorkimg rules, but this is nothing special

compared with other strategies in the Axelrod’sosectournament. WALT, and of
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course the balance of threat theory, moreover ayspdtrong intuitive plausibility, if we
consider its application within the realm of intational politics. Yet the hopes it raised
have to be examined in a contest with other avialdlehavioral rules (but not in the
round robin tournaments where any distance variata@sent).

Compared to WALT, the other two strategies thathdbug mirror behavior of
states in the international relations system dedively simple. They are focused only
upon power and decide to balance or bandwagonateplg as the capabilities of their
opponent increase. | named them BALANCE and BANDWH}Gjust for reasons of
simplicity. Both of them pays attention to othesy®@r's power variable computed in the
same way as already described, when | dealt widltantion occurrence. They also both
change their behavior at the moment when this povegrable of their adversary
exceeds two particular thresholds. Between theegalu25 and 0.75 they play TFT. Yet
as power of the opponent increases BANDWAGON caaipsr while BALANCE
defects. Above the 0.75 threshold, the first onetl@m always cooperates after
opponent’s cooperation, but it also cooperates aWen his/her defection and that with
a probability equal to power variable concernedo®ethe 0.25 value it defects after
defections and after opponent's cooperative movecabperates only with the
probability equal to that power variable. BALANCEHaves in an exactly opposite
way. It almost always defects against powerful astees (when other player's power
variable exceeds the 0.75 threshold) and it alrabgsays cooperates with weak actors
(when the parameter gets below the 0.25 value)s Ehthe last of the three foreign

policy attitudes | have included in my model in@rdo find out how they fared.

4.5.6. Data
Having just finished description of how individudehtures and variables are formalized
in my source code, the only thing one needs tosttclarify what and how much data

is required, and how exactly it is going to be pssed. | also realize that:

[sJound generalizations based on scientific expeni® require
controlled conditions and sufficient experimentaials in order to
distinguish fully their incidental effects from thesystematic effects.
(Dibble, 2006: 1526)

Therefore as far as it would be possible and matagel would try to conduct multiple
simulations for each arrangement of initial cormtis. Before | introduce complete
model with full set of proposed variables, all etartary variations of initial settings

would be run for 25 times in isolation. To be psegiafter finishing 25 simulations of
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the second baseline model, | would add spatialpeddent interactions feature and run
it for 25 times again. The same holds also for posependent interaction occurrence
and payoff shift. As regards the latter, | woulehsider both conditions for the reward’s
lower extremity, and also four different shift sge€0.95; 0.65; 0.35; and 0.05). There
is, however, no need to individually examine effeof noise in the second baseline
model environment, because many other scholaradgirdone that. Yet the results of
simulations that included both power and spatidéyermined interactions without any
noise or payoff shift could be very interestingddmwould therefore do another 25 runs
of the program with this specific initial settingat also enables for the first time to
introduce WALT strategy.

In order to further strengthen the robustness siilte, every single one of all
these simulations mentioned above would be run witlque distribution of strategies
on a playing grid and for 10 000 iterations each.c@urse, this does not hold for
Axelrod’s design, which used round robin interacsi@nd averaging of 5 tournament’s
repetitions, each with a different number of itenas. But | would run this first baseline
model 25 times with both repaired as well as unregdarules anyway. Presented data
generating experimental design is clearly intendedsolate impact of individual
variables upon the second baseline model and itdrvoeopefully offer the first insight
into the functioning of these features. After #ilere would be 350 runs of the program
with 14 different settings. Then if any recognizaphttern appeared within such a data,
| believe there would be no doubts about its vilidnd robustness

.The last step is the introduction of the full mae proposed and formalized on
previous pages. Every initial setting would contspecifications for noise level, as well
as speed of payoff shift, and it would also inclbd¢h factors of interaction occurrence
determination. Each setting would be run 100 tirmed for 10 000 rounds each, with
changing initial distribution of strategies, ande tkame (zero) initial power level. |
expect little or no difference between effects wb tdifferent lower limits for reward
shift. | also expect that the impact of shift speeslld be clearly articulated by two
extreme cases (0.95 and 0.05 level, or in othedsyorigid and immediate shift). If
preceding simulation results prove something dlse]l be ready to modify intended
full model initial settings, but otherwise | woustick to reward payoff shifting within
the interval from T to P at the speed of eithe50® 0.05, and with the noise level of
1%, 3%, or alternatively 5% that applies both fasperception and misimplementation.

Even this restricted plan for simulations, howewegessitates 600 runs of the program.
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Just for controlling purposes, | would, furthermotenduct 25 simulations of the full
model with added 3% misperception level, ( T + 52 as the lower extremity for
reward shift, and 0.35 as the speed of this sBifhilarly, 25 runs would be done under
3% misimplementation level, (T + S ) / 2 lower giar and 0.65 speed of reward shift.
All in all, this makes for exactly 1000 runs of thegrant,

With respect to what data is necessary for ansgyehe research questions, | am
interested in three different types of informati@tated to individual players: overall
level of achieved gains; number of interactionshvany given opponents relative to
overall number of iterations; and number of mutuatboperative outcomes with
particular player given number of their interacfosuccessfulness of behavioral rules
would be assessed via overall accumulated gainstladiverage final rank of the
strategies. In case there were more players usimg specific rule, the one with higher
final capability level would be picked up as regasticcessfulness evaluation. Number
of mutually cooperative moves given overall numbginteraction can together with
written description of particular strategies pra&vidome clues with respect to what
characteristics (generosity, retaliation etc.) @mecial for success in the contest. It can
also provide some hints regarding impact of modeldividual features upon overall
cooperativeness of players. Finally, inclusion oftbinteraction occurrence variables
makes worthwhile introducing frequency of interans between players as a measure
that can say a lot about degree of interconnectsdokthe population and clarifies the
problem of possible small-world or scale-free netnamergence.

Now what to expect? There is no way how to know 8imply just by some
kind of probability estimate before finishing thenalations and analyzing the data. Yet
given the previous models and composition of thesg@nt one, there is some place at
least for an intuition. | expect that winning ségies would be characterized by a
generous behavior; that interactions would leadatdw emergence of the small-world
network; and of course | also hope that the newbppsed strategy would be very
successful. Let's see what would just turn intoisiwul thinking, and what would turn

out as a correct estimate of the reality.

® Several important changes and updates were maiteydhe data analysis. Counterintuitive nature of
results from specific settings forced me to doudfleck and rerun the program with power variable,
distance variable, and ultimately both of them dedpvith small level of noise (3% of both kindskalso
decided to add the final control setting in whicpdpulated the environment with the new VIENNA
strategy. It has unique, randomly chosen probghititues of cooperation after each of the four jnbss
outcomes of the game. To this strategy | addednthgt prosperous rules from the previous simulations
order to examine their success in a completelybfit pool of players. Thus | did 1100 reruns ialto
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5. Results

As | mentioned above, most of the strategies ireduich my model were translated into
the C# language from more than 30-year-old AxesmbBurce code written in Fortran
77. To be sure that | did it correctly, | introddcihe first baseline model. It represents
necessary initial link in a chain connecting Axdisecond tournament results with
those of the full model presented in this thesise Bettings included all 63 original
strategies that interacted with each other in thand-robin manner and also with own
copy. Each of the 25 reruns of the program thairidcicted to achieve robust results
consisted of 5 independent tournaments, which artgibs in Axelrod’s contest had 63,
77, 151, 156, and 308 iterations respectively. @heasn’t any noise, payoff shifts, or
any other additional features that were not inaludéso in the Axelrod’s design. The
Prisoner’s Dilemma matrix appeared in exactly thma form as in the original settings,
i,e. T=5 R =3,P=1, and S = 0. After five naaments in every run of the program,
payoffs received by individual players were summpdind the winner was determined
based on the highest level of total gains. Thel framk of all 63 rules was then
computed as an average place in those 25 rerinasel done separate simulations both
with repaired as well as unrepaired versions offthe erroneously formalized rules
described in the previous chapter. Graphical depiodf the results concerned can be
found on the next page.

The most significant outcome of the replicatiomAaklrod’s second tournament
settings with help of the source code written ini@tead of Fortran 77 is the fact that
TFT strategy won the contest when competing inpithel with both repaired and also
unrepaired rules. Under the best possible scenatlies would be placed on a straight
line from the bottom left to the top right cornef the pictures below, where the
horizontal axis represents ranking of the giveatstyy in the Axelrod’s tournament and
the vertical axis stands for the rank in my rerdnth® original settings. Yet many
strategies are probabilistic and there are alseethmugs that | had already mentioned.
Achieving exactly the same results can, therefloeevery difficult, and even more so if
we consider the fact of missing source code ofathg how the original tournament was
exactly conducted. Nevertheless, my results indicatery high degree of
correspondence with Axelrod’s outcomes.

In case of simulations with unrepaired rules, thera 0.964 correlation with
original ranking of strategies, while repaired litrules indicate only a slightly lower

correlation ofr = 0.914. Just four strategies in the former andisithe latter case
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Figure 6: First Baseline Model (Unrepaired Rules)
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Figure 7: First Baseline Model (Repaired Rules)
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shifted from their original positions for at leaBd places keeping thus the average
degree of departure from the original standinghet low level of 3 and 4 places
respectively. Moreover, one-fourth or alternativehe-third of these large deviators can
be explained by those five rules with bugs (colareckd). Particularly interesting is the
case of FRIEDLAND rule, which initially ended uplpr61® out of 63 contestants, but
after removing the bug this strategy significamthproved its performance and finished
at the 1% place. Similar but somehow smaller amelioratioracdjuired gains occurred
also to CHAMPION strategy that jumped from™® 12" place after having its source
code repaired. As regards other rules that depdmbeal their original positions for at
least 10 places (colored in white) and were nouleneously one of those five special
cases with bugs, three-fifths of them (PINKLEY, X¥)Sand COLBERT) were
formalized in the Axelrod’s code in not particuladffective way thus suggesting the
possibility, even if not the necessity, of stilhet bugs. Moreover, PINKLEY, which
deviated 12 places from the original results wittiie pool with unrepaired rules, but
only 7 places within the one with repaired strategwas at the same time also one of
the five so calledepresentativesThese were capable of predicting the success of all
other rules in Axelrod’s tournament (see 1980b:)386

Last but not least, one can also notice differemtability of the rank achieved
by particular strategies in individual reruns of tiame (solid vertical lines). As is clear
from the figures above, high level of this varigpidominated mostly the middle area
of the final list of rules sorted according to tbeerall gains achieved, while lower
levels of this variability were symptomatic for esl that finished at the top and at the
bottom of the list. Ranking of two rules (PEBLEY tin the unrepaired pool and
FEATHERS within the repaired one) even varied flanast 20 places. And here again,
one of these two rules, namely FEATHERS, is yetlamoepresentativadentified by
Axelrod. The puzzling question is, how can a sggpteith such a great variability of
the final rank under identical conditions be a ukédol for predicting the ranking of
other rules in the population? Still another prabls how to interpret the concentration
of high level variability in the middle of the I&B0One is tempted to see this instability in
the final ranking as a consequence of probabilistatures within these strategies, but
RANDOM, which is a probabilistic rule par excellendinished consistently at the
penultimate place thus exhibiting zero variabili§aybe a better explanation would be

a certain kind of threshold partly dependent on essandomly generated number. If
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reached quickly after launching a simulation, tthiseshold can cause occasional big
shifts in achieved gains of the strategies conckr®@milarly great shifts, but in the
opposite direction, occur if this threshold remainsurpassed for the whole game. One
way or the other, my aim here is not to analyze s pool of behavioral rules in
any detail. The most important thing for me is ltigh correlation between the original
results and those generated with help of repairediegies. Together with the fact that
TFT won the replicated contest and that both thetrsaccessful as well as the least
successful rules were virtually the same as in Alelrod’s second tournament, it
allows us to say that, given the circumstances, lma®e translated the strategies from
Fortran 77 into C# accurately enough. This openthapvay for using repaired pool of
rules in all subsequent simulations while simultarsty keeping explicit connection
with the Axelrod’s original results and with thecsess of TFT.

After replicating 30-year-old Prisoner’s Dilemmaitnament outcomes, one can
slowly begin to relax some assumptions in ordemimve towards the full model as
proposed in this thesis. The second baseline msdgekcisely such a step. Its settings
was almost the same as in the previous baseline@lmiogt instead of 5 variously long
independent tournaments in every rerun, all 25 kitimns now included exactly 10 000
rounds. Moreover, players did not interact with cvapy and there were also five new
strategies introduced, which scholars dealing withti-agent simulations proposed as
promising alternatives to TFT rule. One of thes@lggroposed rules in fact really got
to the top of the list. Generous version of TFTttwith a certain probability forgave
opponent’s defection without punishment won 20 ofi25 second baseline model
simulations. The level of generosity was in thiseaset according to Molander’s
optimality criterion described in the first chaptbove. At the same time, however,
there were 3 other strategies that won at leastrema of the program. Pure TFT did
not manage that (it finished second once), butabdity of winning strategies was still
much higher than in case of the first baseline rhoesults, where only one strategy
besides TFT was capable of finishing at the top EBOFSEN). Thus at the end it
seems that generosity dominates the Prisoner’'sribil@ contests even in absence of
any noise while outcomes simultaneously underline tompetitive advantage of
reciprocal rules like TFT or its close modificatson

Several other things seem to be equally importdr@enwdealing with the second
baseline model results. First of all, there waseey\nigh correlationr(= 0.920) with

results of the first baseline model that used repgaset of rules. After simple rescaling
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of the ranking of individual strategies from 1 t8 éto the interval from 1 to 63 one
thus finds out that a strong level of comparabiigtween Axelrod’s and new results is
still well preserved. Consequently, an averageat®n in the population remained at
the low level of 5 places and this holds even tlhotigee out of five newly proposed
behavioral rules ended up very high. We alreadywkrnibat GTFT was the first
according to the average rank achieved. MoreoveF TClinished fifth and REMORSE
received enough payoffs to get to the"Bace. Pavlovian WSLS and suspicious
version of TFT, however, fared badly fb@nd 49 place respectively). Yet after
rescaling only one strategy (MAUK) departed for mmdhan 20 places from the first
baseline model position. And the most plausiblelangtion for that seems to be its
tendency for defective behavior after few dozenmtdractions with generous players,
which provokes punishment only from the long-tineggpective. This could clearly not
have occurred in the original settings with onlyeth hundreds iterations at most.
Finally, two strategies already mentioned aboveSS@nd PEBLEY) manifested the
greatest variation in their relative success, sithegr ranking shifted for more than 25
places between individual simulations. This isaetfhigher variation than in the first
baseline model, but most probably attributablengte increased number of iterations.
Something different can, nevertheless, tell us naiveut the character of the
whole pool of strategies used in these simulatidssone can see from the white line
on Figure 9 above, the first 55 out of 68 rules bBatlemely small differences between
their respective levels of acquired gains (vertigals on the left). GRIM (the %5
strategy) still gained 85% of the winner’'s totalyptis, but then overall capabilities
declined much faster. The last player managed t@wgjg 45% of payoffs received by
the winner. Apparently there must be some biasigh sx population, when we get this
kind of results. Actually it is the cooperative cheter of rules described in the previous
chapter that caused that. Axelrod stated thatitise hean strategy in his tournament
ended up eighth and no other appeared among #ielfirrules. In my second baseline
model, the best player willing to defect first fhed 17 being at the same time the sole
representative of this group among the 24 mostesisfal strategies! On the other end
of the list, no nice rule appeared after the GRTMus all of the last 13 players were
prepared to defect even without being provokedhieyapponent’s defection. Moreover,
out of the last 26 strategies, 19 were mean ang ©mlere nice. In other words, almost

80% of non-nice rules were concentrated amongeast Isuccessful three-eights of the
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population. Not to speak about the fact that timeaiaing meanies tried to defect mostly
once or twice and then quickly shifted back to cvafion.

Nice illustration of the impact of cooperation bies success of competing
strategies is distribution of black markers (segufé 9 above) that corresponds to the
relationship between ranking according to totalnga{lower horizontal axis) and
ranking based on average number of mutually codiperautcomes per opponent
(vertical axis on the right side of Figure 9). Taka a long story short, the higher is the
cooperativeness of a strategy, the greater isi@lsum of gains (correlatian= 0.896).
Only two rules, HARRINGTON and HUFFORDR, deviateignsficantly from this
tendency. Finishing much higher on the succesgHest suggested by the number of
mutually cooperative outcomes they were able toeger in interactions with their
opponents, these two strategies represent the mebn players among the first 29
contestants. It would be quite interesting to seeether cooperativeness predicts also
success in a noisy environment with all featuretheffull model proposed in this thesis

included. That is because under uncertainty eves players occasionally defect first.

5.1. Impact of Individual Variables
But before proceeding to the examination of thé fubdel results, one first needs to
determine the impact of individual variables presarthe model itself. Some findings
are in fact quite interesting. For example, it sedhat none of two structural variables
(distribution of power and spatial position) thaintluded in my model, and which
determined the occurrence of interactions, havesagificant impact upon success of
competing players. On the other hand, the thircehligythat of shifting reward payoff,
wields a big influence upon outcomes of simulati@®esttings of simulations were at the
same time identical to those of the second baseliogel with only three exceptions. |
excluded QUAYLE strategy from the pool, becausewds the exact copy of
DOWNING, which was already present. Thus there vé&arainique behavioral rules at
the end (62 original plus 5 new). Second, thosee2bns of the program, in which
occurrence of interactions were determined by biidtance and power position of the
players, contained three additional strategies &imad according to the patterns of
behavior common in the international relations eysti.e. balancing, bandwagoning,
and Waltian balancing against threats. The pootetbes increased to comprise 70
rules. And third, | raised the number of playersndividual simulations to 100. Up

until now, this number was equal to the number mfjue strategies. In case of the
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Axelrod’s tournament, strategies interacted alsh wne’s own copy, yet this copy was
not included in the final results since it didmteract with any other rules. In order to
ensure higher heterogeneity and to enable occdsioteaactions with other actors
using the same strategy, | added more playersatdtteir number would be higher than
number of available rules. Some strategies woutdt@@ppear more than just once.

My expectations were that other than round-robirtepa of interactions
occurrence would have some effect upon succesdrafegies. That for example
preference for interactions with more powerful @y would lead to the better
differentiation among individual rules than achiévim the second baseline model,
simply because the most potent players would intemsost often with other actors
successful in securing high gains. This was, howewvet meant to be the case. In a
noiseless environment, results of the second lesetiodel correlated extremely well
with the reruns that used power, distance, or éah of these variables to determine
occurrence of interactions € 0.997; 0.995; 0.996 respectively). Under alltioése
settings the outcomes were basically identical withse of the baseline model and
players were distributed on or closely along the from the bottom-left to the top-right
corner as on the Figure 10. There the y-axis reptssaverage ranking of rules in 25
simulations, in which interactions were determifgdboth power and distance, while
minima and maxima of individual rules’ achieved kare rescaled from the interval
between 1 and 100 into the one from 1 to 70.

In fact this identity of results with those fromethound-robin second baseline
model can be at least partially explained. In al waked heterogeneous population
randomly dispersed on a playing grid, sufficientminer of reruns secure that the
distance variable has the same impact upon allegies. Actors don’'t change their
spatial position except for between individual reruand thus there is no feedback loop
present in this variable. In a given run of thegoaon players interact in all rounds with
the same probability that gradually decreases dipgron their distance. Relatively
high number of simulations guarantees that noidigion has a preeminent influence.
There are therefore only two significant effectsha$ spatial variable.

First, it significantly limits average number oftenactions per opponent.
Immediate neighbors achieve uninterrupted intesastfor 10 000 rounds, but the most
separated actors don’'t come across each othely #iwd indirectly halving the average
number of mutually cooperative outcomes per plgar opponent in the population

(vertical axis on the left on Figure 11) from alm@800 in the second baseline model
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depicted by black markers to little more than 360Qder spatially determined
interactions portrayed by the full black line dexgieg from left to right on Figure 11.
Note also that this line representing average c@obpeness is almost perfectly
monotonous. The ranking of strategies based on ahuwooperations in the second
baseline model (horizontal axis) is thus kept altgintact.

And second, occurrence of interactions dependean upitial distribution of
actors on the lattice brings about much higheralmlity of achieved ranking than we
saw in both baseline models. No less than eiglktsr(ihcluding TFT) were able to win
at least one out of 25 contests and the averagbéewaof places that strategy varied for
was almost 26 in the population of 100 actors. tRwsbf two rules (HUFFORDR and
GETZLER) even shifted for more than a half of theoke list, which is extremely high
variability considering the corresponding numbertfe second baseline model (1/7 of
the list). Yet the effect upon average rankingnalividual rules was miniscule, if any.

The impact of power variable is a more difficulbrst to tell. Here, there is a
feedback loop between players’ actions and theuréuinteractions, because the most
successful actors face each other most often.réfiie expected anything but results
perfectly identical to those of the second baseielel. The way of pairing actors was
completely different from that of the round-robimaangement, and as far as the success
of strategies/actors depends on opponents they faeee should be little reason for
outcomes to be exactly the same. However, distabubf overall gains achieved as
well as average number of mutually cooperative @mutes per opponent (see the white
line on Figure 11) were at the end basically idaitwith values achieved using the
spatial factor for determining interaction occugenAnd of course the general ranking
of strategies matched the one under the secontifems®del settings.

The only plausible explanation for that | could omp with is the general
cooperative bias of the population. The fact thasiplayers cooperated most of the
time led to high population average of the finapataility levels (almost 83% of the
winning strategy total gains) while at the sameetimo thirds of actors achieved higher
overall payoffs than was the average (basicallystrae shape of curve as on Figure 9).
Given the way how power variable was formalizeds tbhaused that there were
generally only small differences between interacboecurrence probabilities of any two
players. Even the two most successful rules intedawith each other with probability
of just 58% while probability of interaction betwedhe 18' and the 11 least

prosperous strategy was only 20% lower. In otherda/oalmost all pairs interacted

137



almost equally often and thus the results must Hmen the same as in the second
baseline model. The only effects of power variaberth mentioning were nearly
unrecognizably steeper slope of the gains curvern@ms got slightly more and losers
got slightly less) and lower variability of rulesinking compared to spatial variable
determination of interaction occurrence. Only fsteategies managed to win at least
once and rules varied in average for 1/6 of the leviist compared to 1/4 in the
previous case.

If nothing else, | hoped that inclusion of noiseulebat least somehow balance
out the impact of prevailing cooperativeness byeading differences between various
ways of coping with uncertainty, and thus strengihg the influence of power variable
by increasing the gaps between players’ overatiggaBut the only thing it did, except
for radically reshuffling the ranking of rules, wassmake the slope of the gains curve
more evenly decreasing and thus mitigating suddénrf overall payoffs among the
least successful players. Note that | am concehaed with the effects of power and
distance upon interaction occurrence in a noisyrenment rather than with the effects
of noise itself. The latter is already well analyze the literature and it suffices to deal
with it together with examination of the full modékherefore rerun the second baseline
model with small 3% noise of both kinds and comgatkese new results with
outcomes of simulations that employed power andiag under uncertainty. While
using power variable to determine interaction omnre, the average sum of gains in
the population actually declined a bit comparedaagseless settings, but only to little
less than 74% of the winning strategy level. Thstesuccessful rule still received more
than 40% of the winner’s payoffs and ranking oatgies was again basically the same
as in the noisy baseline model.

Outcomes of simulations that included both powed distance variables in
computation of interaction occurrence are then pustorollary to what was already
written above and what holds for both uncertainrnedl as noiseless environments.
While the factor of space enhances the rankingabdity of individual strategies, and
power very slightly increases the steepness of latipn’s gains curve, inclusion of
both factors gives us a compromise of somehow smallerage variability of rules’
ranking and even less recognizable increase irstdepness of the curve concerned.
Moreover, uncertainty had no effect upon the impzfctwo examined factors when
employed jointly, except for the fact that singl@der won all reruns in the noisy

environment (it was WHITE, but more on that strgtdater). Overall variability of
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individual rankings under the same settings waslaino the case without any noise
and list of average rankings of strategies wasch#giidentical with that of the noisy

second baseline model. Thus it seems that two reystiactors usually understood as
the most important variables in the internationalations system, i.e. power and
distance, have very little or no significant impadtall upon success of competing
actors. Of course, distribution of power in thel iegernational relations system is a bit
different than that at the end of individual sintidas, but even if | had run the program
for more than 10 000 rounds or enabled uneveralrgtipability levels at the beginning
of the game, | do not think any major changes wddde occurred. Most probably,
initial differences would have been quickly leveleiter few dozens of rounds, and if
anything, then the only thing worth of notice wouldve been modified slope of the
curve, but certainly not different final rankings.

Few more things at the Figure 10 may attract otanébn as well. All of the
three newly added behavioral rules, BANDWAGON, BAIGE, and WALT, were
very successful and ended uf® 27" and 28' respectively, receiving something
between 99.5% and 95% of the winner's payoffs. Eisflg the former two received
high payoffs thanks to TFT strategy they employeassinof the time during the game.
Yet their preclusive success must be, nevertheleggroached cautiously and
implications should be drawn only after investiggtitheir performance under full
model settings. And similarly for the structure ioferactions, let me deal with the
impact of both variables inclusion into interactioocurrence determination a bit later
after introducing the full model itself. Last bubtrleast, remarkable is also extremely
high variability of final rankings of another thretrategies (JOSS, HARRINGTON,
and ALMY) caused predominantly by distance variabid reaching as high level as 44
places or more out of maximum of 100.

Besides power and distance, there is, howeverotirez feature newly included
into the model and still unexamined so far, nanpdyoff shift. | already wrote that
reward payoff for mutual cooperation can shift@sponse to outcomes of the previous
interactions, and this within two different intelvalepending on how strictly we want
to observe the Prisoner’'s Dilemma conditions. Oae also set various levels of the
payoff shift speed and | did it too. Four differesgeeds were examined using two
intervals, hence giving rise to eight differenttisgjs. The slowest pace of payoff shift |
considered was 0.95, the fastest one equaled t& @fd 0.65 together with 0.35

represented values somewhat in between. Since tention was to investigate the
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Figure 12: Punishment as the Lower Payoff Shift Lim

impact of payoff shift in isolation from other vahbles, especially power and distance of
actors, 25 reruns were conducted under each seitinthe noiseless and most
importantly round-robin environment with 67 stragsy

But the results suggest that both of these interffadm 5 to 2.5, and from 5 to
1) have the same effect upon success of indivigiategies. Corresponding outcomes
correlate at the very high level£ 0.996). This basically supports my expectatioms a
justifies the decision to use only one intervajtthetween temptation and punishment
payoffs, in all later simulations. The questionvdiy is that, nevertheless, remains. It
seems that from such a long perspective as 10 608ds represent, there is no
difference between two intervals of payoff shifchase mostly cooperative pattern of
interactions between any two players gets settlezhdy after few hundred rounds at
most. Reward payoff quickly moves towards one efttho ends of the interval and stay
there till the end of the game. We will see latérew analyzing outcomes of the full
model and of the control simulations, whether noee change anything about that.

Under both intervals of payoff shift four differespeeds were examined.

Vertical black lines on Figure 12 connect minimaldamaximal average ranks any

14C



given rule achieved under those four speeds, weeard shifted between temptation
and punishment. Black markers these lines go tlralgpict averages of the same four
values for any particular strategy. These linesvemy short or non-existent. It holds
regardless of the lower limit of the reward shifhich means that not only under both
intervals, but also under different speeds allgdehieve virtually the same ranking.
Relatively small number of iterations suffices hiftsthe reward payoff to such a degree
that subsequent modifications have little impact afifferences in overall gains
produced up to that moment are too miniscule tsigeificant at the very end of the
game. Yet again, let us wait with the final con@uas until examining noisy
environment and stay for now with the statement thanight be enough to pay
attention only to the single interval and two spee@. the highest and the lowest one.

As regards further analysis of the impact of indial variables, it might be
also interesting to know that the distribution ofn@r (or gains, if you want) at the end
of simulations was much greater than under the ipusly examined features.
Capabilities of the least powerful player were ooihe-fourth of the winner and all this
even without inclusion of uncertainty. Compare toigl5% of the winner’s gains as the
corresponding number for the second baseline md@elthe other hand, more than
doubling of the winner’s final capability level aged little or nothing with respect to
shape of the gains curve in the population. Sifyilas in the baseline model, there still
remained that sudden drop at the end of the sutisesBut let me deal a bit more also
with some of specific outcomes of payoff shift ungbn into my simulations.

First of all, GTFT ceased to be the most succéssfie. It was actually
BOERUFSEN that received the highest average rankimgr all of the eight settings.
This strategy improves the performance of TFT lyyng every 25 moves to identify
defectors and random players among its opponerttsbgrattempting to prevent the
unfolding of echo effect of unilateral cooperatiand defection. Another 4 or 6 rules
were always able to won at least once under diftesettings and TFT or its small
modifications like GTFT or CTFT managed to do timimost environments as well. It
was GTFT again whose four average positions undér imtervals differed most. In
general, its average ranking decreased as one nimvadvery slow towards very fast
pace of payoff shift. Success of this rule alsanges slightly when we fix the speed but
alternate two available intervals. It ranked'155", 13" and &' in average while using
(T + S)/ 2 as the lower limit for payoff shift afidur different speeds in decreasing

order of velocity, respectively. Similarly, it oqued 17", 15" 15" and 12 post for
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corresponding speeds using the alternative inteo¥alhe payoff shift. Behind the

slightly worse performance in the latter case care see the influence of the lower end
of the interval. The one that equals to 1 insteb@.5. After repeated defections, the
level of reward payoff can simply decrease lesslevbhsing (T + S) / 2 as a bottom
margin for payoff shift, hence causing any recovewards temptation payoff after

resumed mutual cooperation to be more profitabteaserall gains higher at the end.

With respect to different positions under differesttift speeds, one has to
realize that given the computation of GTFT optirgaherosity level the possibility of
immediate transformation of reward payoff into téatipn or punishment in fact
hinders any possible effect of limited forgivingtiaut retaliation. Fast payoff shift
forces GTFT player to either always cooperate ovags defect after opponent’s
defections depending on the history of previousraattions. On the contrary, slower
pace of payoff shift still leaves enough spacelifoited generosity, especially when
current value of reward payoff is still far awaprin T or the lower end of the interval.
This is basically also the reason for weaker peréoice of generous tit-for-tat after
inclusion of amity and enmity into the round-rolsgcond baseline model.

But as one can see, many other strategies chahgéedpbsitions on the final
success list as well. Ranks of two of them, HUFFGRihd GKATZEN, even shifted
for 20 or more places. Nonetheless, after rescdliegsecond baseline model ranking
into the interval from 1 to 67, there still remamglear tendency of individual rules to
be arranged along the line from the bottom-lefthe upper-right corner of Figure 12
above. Correlation between average new rankingtleane from the second baseline
model also remains very high £ 0.933 for the payoff shift lower margin equal2®
andr = 0.924 for the one set at the high of 1). Thia iorrelation level similar to that
achieved by two versions of the first baseline nhadeen compared to the original
results or between the second and the first basetiadels themselves. Also the very
behavior of one of the five representatives idediby Axelrod (namely FEATHERS),
which were together capable of predicting the sss@é any rule in the population, was
significantly influenced by the emergence of enmdnd amity out of dyadic
interactions. This might be a coincidence but a#f ae example of the fact that this
newly introduced feature has impact not only ugmntotal sum of accumulated gains,
but also upon behavior of individual strategiesash.

Anyway, what one can clearly recognize is that filaghift has a noticeable

impact on the ranking of rules. It only supporte ttatement that the possibility of
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friendship and enmity does matter in the intermatiaelations system. Coupled with
the previous findings it means that instead of iapgiosition or power, it is the
understanding of the opponent as either friendnemne/ based on the history of their
interactions that codetermines who is successfivaro is not. In other words, it seems
that it is not the factors at the systemic level, father those at the lower sub-systemic
one, that make a real difference in the internatioalations. This doesn’t mean that it
doesn’t matter who is your neighbor; or how powkiduithe opponent you interact with.
Of course that it can influence how well you ardeatn perform in the system, or
whether you can survive at all. But what it alsoame is that many things are just a
matter of chance and not necessity. It is a matftechance whether your neighbor
cheats on you, or instead prefers cooperation lagilyias it is just a matter of chance
whether your partner is a superpower or a petty stiate. The key is to distinguish
particularities and to focus rather on what ocearthe system all the time. Or at least
most of the time. If we want to know how the systeorks, we need to take a bigger
picture, however ambiguous it sounds. If one waotsdraw general lessons from
particularities or unusual historical events, onestibe sure that they are repetitive and
easily applicable upon other situations and in rotioatexts.

Even if trying to cooperate, Czechoslovakia gobardot by neighboring with
Germany in the 30s, but that doesn’'t mean thasyiséem as a matter of fact sucks all
cooperative players that share border with defectoor that the neighboring great
power is a priori a bad omen. It only means thahes@ooperators lose from time to
time given particular circumstances. But overadisults point out that the effect of
space and power falls equally on everybody and kiay® a negligible influence with
respect to the final rank. It was not a defectingag power neighbor, but lack of close
enough friends together with surplus of eager sividat cost Czechoslovakia its
sovereignty. One can hardly imagine worse situatiom the geographical as well as
capabilities distribution point of view than thdtthe West Berlin. In 1948 and 1949 it
was blocked and completely surrounded by the soperps forces, yet it survived
because there were still enough cooperators itdcouéract with. Similarly, in 1968
Czechoslovakia could not resist occupation by trerdév pact members because these
very same countries were also players it interactedt often with. Relations to the
West barely counted and the fact that the lead&oohania Nicolae Ceaescu decided
not to participate in the invasion similarly as Attba made very little difference since

Bucharest and Tirana were isolated in their stamwk frequency of their interactions
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with Prague was incomparable to the position heyd Mooscow. Friends (other
communist regimes) turned enemies and enemies @hesbuntries) remained what
they were. Surely, the same events can be integresing balance/bandwagon
terminology, but hardly to the same depth, notgeas about the fact that we already
defined these two foreign policy strategies in t®whdefection and cooperation. From
the individual player’s point of view, it does nme&ttvho interacts with whom and how
often But overall it is much more importamtow actors interactIn other words,

whether they are foes, or friends.

5.2. Full Model

Results of six different settings were examinechwéspect to the full model proposed
in this thesis. Number of reruns of the progranreased from 25 to 100 in order to
achieve appropriate robustness, and that for hotleds (0.05 and 0.95) as well as all
three levels of noise (1%, 3%, and 5% of both Kin8glow one can find described,
analyzed, and depicted all the outcomes of 600 afirthe program in sum that used
punishment payoff as the lower limit for payoff fhand all of the 70 already
mentioned strategies. First | pay attention to dlierall gains received, because they
determine the rank of individual rules, and onlgrtH move forward to distribution of
mutually cooperative outcomes and interactiondjeeitat the level of pairs, or with
respect to corresponding averages achieved bypkantistrategies.

In harmony with what we found before, when we ta@olook at the impact of
payoff shift in isolation from other variables, bealso one can freely shift between both
examined speeds without the slightest change aoougs provided that other settings
remain the same. It is important to keep in mindt tfor all three levels of noise,
simulation results obtained by two various shifeegis correlated almost perfectly (
higher than 0.998). From new strategies’ pointiefwand looking at the average rank
of the rules, one should notice especially theorest success of GTFT. It finished first
in the second baseline model, but faired much waft inclusion of payoff shift. In
the full model it proved its effectiveness onceiaghanks to its ability to cope with
noise and ended up arounl place under all settings. Clearly the worst penfance
was made by RANDOM. But surprisingly, PavlovianerdVSLS did only slightly
better than RANDOM. Under all circumstance it wddeato secure gains sufficient

enough only to always finish around"8place in average.
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New Ranking (Full Model)
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Figure 13: Full Model with 0.05 Shift Speed and 3%oise of Both Kinds
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Nice example of the situation is pictured on Fegg@B. New ranking of the full
model with 3% noise and 0.05 shift speed (y-axdsgampared with ranking received
with help of the same settings but without any paghift included (x-axis). When
comparing these two average rankings, only twdesjiras, ROWSAM and SMOODY,
changed (improved) their respective position forenthan 20 places, while the shift
was close to 6 places in average for the whole lptipn (correlations = 0.914). On
the other hand, ranking variability of individuairategies within 100 simulations
conducted under the same full model settings reeagan the relatively high level of 1/5
of the whole list, i.e. somewhere between the kwéindividually examined power and
distance variables. Notice also that besides tweadl mentioned rules, only three
other strategies managed to improve their posittmre than WALT did. But with
respect to three newly added rules trying to mimeual behavior of states in the
international relations system, it is another pietihat would be more telling.

Generally, it is not that important at this poaw particular ranking correlated
with some previous results, because inclusion duaily any level of uncertainty
reshuffles original Axelrod’s ranking to a greatex, and | have already proved high
correlation between his outcomes and those achibyddanslated source code of the
original strategies in a noiseless environments.aWimatters here is how to be
successful and what are the characteristics oiohaal strategies that perform well.
Figure 14 can help us with respect to that at léast degree. It portrays results of
simulations using 0.05 shift speed and differemele of uncertainty. First, notice the
white line together with the black dotted one, bwttreasing from left to right. They
represent average total gains (vertical axis onrigjiet) achieved by individual rules
given 3% and 5% noise respectively, but theseegies are simultaneously ordered
according to the average gains received using fenbise of both kinds (upper
horizontal axis). One can see two general tendsntiepact of uncertainty upon less
successful half of the population is much smahantimpact upon the more prosperous
one. And second, rank changes easily identifiaglary downward turn of the white
line after increasing the level of noise from 1%38b, are then only strengthened but
not reversed or modified after further increaseaithe 5% uncertainty of both kinds.
This is clearly visible by the same shape of twontimmed lines and it enables us to
focus on fewer levels of noise, if necessary. @ibtiee also points out to diminishing
success of the winning WHITE strategy under higiezertainty (the very right end of

both lines). Last but not least, there were thtestegies, whose performance changed
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most as one increased the level of noise. Gain§SIDEMAN, WEIDERMAN, and
JONES declined significantly as the uncertaintyngrand their positions dropped for
25, 24, and 20 places respectively.

Eight strategies were capable of winning at least of the 600 reruns of the full
model, but only three of them managed to do it uradlesix specific settings (see table
below). Namely GTFT, repaired rule called CHAMPIO&hd EATHERLEY, all of
them being also highly generous strategies forgivimany defections without
retaliation. For example EATHERLEY starts with ceogtion and defects only after
opponent's defection, but with a probability equal the ratio of other player's
defections over number of all moves. CHAMPION ore thther hand cooperates
unconditionally in the first 10 rounds and then tshes to tit-for-tat for another 15
moves. Thereafter, it defects only after other efaydefection given the opponent has
cooperated less then 60% of the time and the gemkerandom number is bigger than
adversary's rate of cooperation. It was, howeveHIVE that achieved the highest
overall average rank under four of the six settif@sly its poor performance given
high level of noise made possible for GRISELL artdABMPTION to become the most
successful rules under 5% uncertainty with 0.05@808 shift speed respectively.

As already mentioned, GTFT faired by far the besin all newly included
strategies. This can be seen also on Figure 14e€Thlack lines from the lower right to
the upper left corner represent individual ruleskead according to average overall
gains received (vertical axis on the left) givemeth different levels of noise. When

analyzing impact of individual variables, inclusiai noise secured more gradual

Strategy / Shift Speed 0.05 Shift Speed 0.95 SUM
Settings | Noise 1% Noise 3% Noise 5% Noise 1% Noise 3% Noise b%
WHITE 56 41 71 38 206
CHAMPION 6 29 26 7 35 40 143
EATHERLEY 37 13 4 21 14 12 101
GTFT 1 14 34 1 7 1 58
GRISELL 3 31 6 38 78
YAMACHI 3 8 11
ROWSAM 2
TF2T 1 1

Figure 15: Winners of Simulations

147



change of received payoffs than was the case oiseless environment. Another effect
of uncertainty apparent from Figure 14 is that éased level of noise is causing lower
total gains achieved by almost all strategies edximeghe least successful ones. This is,
however, nothing new. Although here it may be aobirstretched, the statement that
uncertainty is pushing other rules closer to haptézpattern of behavior seems
plausible, especially given the fact that RANDOMnakt always finished last. Thus

while under 1% uncertainty of both kinds the losareived in average only 23% of the
winner’s payoffs, under 5% noise it was already 30%

Moreover, it seems that out of three new strategieroring behavior of states
in the international relations system, higher Iswaf noise affect particularly badly the
threats balancing rule called WALT. Its positiorideback from relatively impressive
13" place to a rather mediocre"™2&erformance of BANDWAGON and BALANCE
changed only a bit, but especially WALT was sewsito greater levels of uncertainty.
Difference between three international relatiomatsgies gradually vanished too as the
noise increased, which is quite interesting as .weéd#vertheless, recalling the great
success of BANDWAGON in a noiseless environmengnvit finished second of all 70
rules after introduction of power and distance afalgs into the second baseline model
(Figure 10), the poor performance of BANDWAGON mmetfull model justifies our
earlier cautiousness with respect to its comparabil@ntages. Given the extent of the
average gap between the winner and the loser, thasvgiven the distribution of total
gains in general, both BALANCE and BANDWAGON mustvie used TFT strategy
most of the time. Only few least successful opptseualified for evoking different
behavior from these two rules, and even this pdagilgradually disappeared as the
uncertainty became greater. Payoffs from the iotemas with these least successful
opponents also stand behind the slight differenagains between BANDWAGON and
BALANCE, which later narrowed as noise increasedminance of TFT choices in the
behavior of BALANCE and BANDWAGON strategies is exglified also by the fact
that TFT itself, as an independent rule, ended lupys between these two strategies
that deliberately tried to reflect behavior of egagjoverned by the power concerns only.

Since the gap separating BALANCE and BANDWAGONrowed yet TFT
still remained placed between them, it means thilaérebecause of the composition of
the population, or simply because of the way hoveo twles were proposed and
formalized, differences between these supposedbpsite patterns of decision-making

gradually vanished as the uncertainty in the systeoneased. Basically the same
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happened to WALT, but thanks to complex natura®behavior processes and of how
it was turned into formal language of computer datians, its performance is much
harder to analyze deductively. The most plausil@enss intuitive explanation that
uncertainty hinders appropriate recognition of atse WALT takes into account not
only the probability of interaction with any giveadversary, but also history of their
previous encounters, which can be less straightfadvprecisely because of the noise.
In such a noisy environment, lack of clearly redeghle patterns of interactions (and
thus also threats) turns WALT ultimately into TFTla. Similarly, diminishing
differences of players’ overall success (and pdgdiadly set thresholds) transform
BANDWAGON and BALANCE into the same tit-for-tat cies.

Two following pictures can give us even more dethinsight into the nature of
the population of behavioral rules examined in thissis and in the full model itself.
Let us focus first on the population as a whole.it¢/hne on Figure 16 portrays one
particular distribution of interaction frequencesong all possible pairs of 100 players
under 0.95 shift speed and 3% noise of both kid@&@ pairs at the lower horizontal
axis are ordered according to number of interastias shown on the left vertical axis).
It has also exactly the same shape as all othtritdisons of interactions under any of
the six settings | used. In other words, neithexespof the payoff shift, nor level of
noise, have any impact upon distribution of paienigteractions in the population. Now
this distribution is not uniform but it is very siiar to the normal distribution. There are
few pairs with very high frequency of interactiotcarrence, and also some that interact
rather rarely (compare the tendency with the venylar black line on Figure 4). At this
particular case, the pair that interacted the rofteh did it on 8 274 occasions out of
10 000 possible. The least intense relationshipheaseen two players that faced each
other only in 1 432 rounds. It gives us a diffeeernd 6 842 events between the most
and the least frequently interacting pairs of ptayeyet 40% of this difference is
covered by only 10% of the pairs (5% at both exitieshof the distribution). Most pairs
interact with a frequency close to mean value @i456ncounters. Little more than 65%
of the data (pairs) fall within one standard ddwiatof the mean and 96% are within
two standard deviations. Corresponding values éomal distribution are 68 and 95%,
thus making our data almost perfectly Gaussian.

Closer inspection makes this distribution maylss leuzzling. The fact is, that if
interaction occurrence was based solely upon distanf players, distribution would

have been of the very similar shape but rangingsscthe whole interval from 10 000 to
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0. Power variable thus influenced only the spamwbeh extremities, not the general
shape of the curve. All players simply faced theealistribution of capabilities in the
system and combined effect of their individual powariable values preserved the
given shape. The same was already hinted when amiagd impact of power and
space in isolation from one another and found bat the final results (and thus also
distribution of interactions) matched each otheyweell.

Situation completely changes, if we look at thstrithution of interactions but
from the individual players’ point of view. Thisde seen from the black lines rising
on Figure 16 from the lower left to the upper rigbtner. They depict average numbers
of interactions (vertical axis on the right) acladwby particular actors after the first and
the last 100 iterations of the one particular gawith 0.95 shift speed and 3%
uncertainty of both kinds. Without power variablkeese curves would be simple
horizontal lines, since space has the same impazmt all players in a closed square
lattice and thus all actors would have achievedsdme average number of interactions.
Here it is therefore power that makes a differefrméally, only the far ends of the lines
become bended. Upwards in case of successful glayet in an opposite direction in
case of losers. At the end, however, the whole hi@eomes almost perfectly gradually
decreasing with very good match between averagebauwr interactions and success
of a given playerr(= 0.996). As far as it holds that the most poweplalyers interact
most often, this is only understandable. But thatah between gains and interactions
develop only gradually as the pattern of binargiattions get settlead € 0.895 after
100 rounds). It seems that distance has a greatpact at the beginning. The
correlation between distribution of interactionsaas actors in the initial and the last
hundred of rounds is rather low tooX 0.596) as exemplified also by the positions of
ultimate winners and losers.

To sum it up, neither on the level of pairs, nortte level of players, does
distribution of interactions resemble small-world szale-free network. Among pairs
the interactions are distributed normally, whileceng players their occurrence steadily
increases as the player becomes more powerful. either case do interactions
frequencies correspond to power law distributionreguired by the small-world or
scale-free networks. Moreover, connections (int&yas) are not permanent but occurs
and disappears in every single round separatelg, We must still work with averages,

when analyzing their emergent structure. Probaliyentelling would be a distribution
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of mutually cooperative outcomes since rememberithg history of previous
interactions makes at least some place for comyinui

Mutually cooperative outcomes apparently demoteseatirely different pattern
of distribution than the white line depicting ocmnce of interactions. Three specific
simulations represented by the dotted black limeBigure 16 used the same shift speed
(0.95) as before and corresponding levels of naiseindicated on the picture as well.
These lines neatly portray how the numbers of mMutoaperations (vertical axis on the
left) in the population of individual pairs gradlyatlecrease with increasing noise. And
of course similarly as in the case of interactithesy also illustrate the same tendency
for other settings, since differences repeat acragsus shift speeds. From the shape of
the curves one can also see that higher uncertaingpvers and strengthens the
differences between pairs with respect to theilitglib cope with effects of noise. The
greater is the uncertainty, the fewer pairs camtaai cooperative interactions, and the
faster is the fall from high cooperativeness to dkerage or low numbers of mutually
cooperative outcomes. Shift towards long tail povdsw distribution of mutually
cooperating pairs is already visible, but it ifl $tio far from being fully developed. It is
therefore better to wait with conclusions until eeamine another, less cooperatively
biased population in control simulations, wherewaild not be forced to rely solely on
extreme uncertainty.

What can be already said is that there is littl@@ correlation between number
of interactions and number of mutually cooperatuécomes any given pair attains
0.346 for that particular rerun with 0.95 speedtsind 3% uncertainty). This might be
counterintuitive, but in fact there are many pairsvhich players interact extremely
often in spite of lacking mutual cooperations. Thegy simply be neighbors with high
capability levels acquired from interactions withther players and not with that
particular opponent. If you interact often with sody else, it does not necessarily
mean that your interactions are mutually coopegativ

However, Figure 17 at least indirectly shows tliayou interact often with
others, i.e. with all players of the population siolered in average, you probably also
often manage to secure many mutually cooperatiteoowes from interactions with
them. First, notice the white lines that represemerage numbers of mutual
cooperations (vertical axis on the left) for eadhtloe 70 independent strategies
achieved in 2x100 simulations under 0.95 shift dped two different levels of noise. |

did not use 3% uncertainty of both kinds sincepipears to be just a transitory stage
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whose full effect is developed under higher leviehoise anyway. Those white lines

indicates a significant drop in average number ofual cooperation for all strategies as
the noise rises with the only exception of the isascessful players who simply cannot
cooperate less. And although we can see that draptithe same everywhere, gradual
decline is still preserved fairly well thus avoidiany sudden drop even if one may still
object a bit steeper fall at the far left.

Nevertheless, it is a dotted line from the lowadt to the upper right corner of
Figure 17 that should interest us the most. Itrpggt how two rankings, one based on
average number of mutually cooperative outcomesriat axis on the right) and the
other on average total gains received in 100 rerinmizontal axis at the top),
correspond to each other. The correlation is rathigh ¢ = 0.936) with the most
cooperative player being at the same time alsonthst successful (CHAMPION). This
is not the case at the other end of the line, whafergiving strategy GRIM secured the
least mutually cooperative outcomes in averagefareid much better with respect to
gains. RANDOM did exactly the opposite with gairesng much lower than suggested
by the rank of its cooperativeness. Similarly pperformance as regards ratio of gains
to cooperativeness achieved WSLS and LEYVRAZ. Allee of them departed for
more than 15 places, but the average differencedset two rankings was of only little
less than 6 places. The whole population remairmdasl close to the appropriate
diagonal. There were, however, also rules thatlartwias GRIM received higher gains
than their cooperativeness implied. And one of ttmee new strategies formalized
explicitly upon behavior of states was among thoasst successful in this respect. Only
two rules in fact improved their final position neothan WALT as regards average
gains compared to average number of mutual coopesat

For better understanding of the correlation betwésal gains and average
cooperativeness (number of mutually cooperativecaaes) that particular players
achieved, one may take a look at two pictures enptieceding page. They depict how
these two indicators, i.e. gains in case of Fidil8end average cooperativeness in case
of Figure 19, were distributed at the end of onemyf simulations. Here the game
included 0.05 speed of the payoff shift and 1% easboth kinds. And apparently, the
same thing that | wrote above about all rerunshefQ.95 shift speed and 5% noise in
general holds as well for this individual simulatioith different speed and different
level of noise. Two pictures are extremely simdad hence we can say that gains and

cooperativeness are highly correlated independemiise and shift speed.
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Now, based on outcomes of simulations analyzed/gbahat can be said in
short about the international relations system @n@dmodel proposed in this thesis?
With respect to general characteristics of theesysit seems that power and space are
much less important than amity and enmity emergiagof the previous interactions.
Impact of the former upon success of strategiesnall, if not nonexistent, while the
latter proved to be consequential. Of course, @adr situation always matters.
CHAMPION, the overall winner of simulations with9®. shift speed and 5% noise, can
still end up ninth. GTFT as the most successful sgategy can finish first but also'16
given the particular circumstances, and all thatleunthe same setting of key
parameters. Similarly, WALT can manage to b& 28ut also 6% in a pool of 100
competing players. But | am not interested in s@@euliar circumstances under which
even the loser can become a champion. | care atfwait system facilitates, and which
features have significant effects upon performasfcactors. Space and power appears
not to be among them, in contrast to the possihlitfriendship and enmity.

Two other findings are interesting with respecthe system as a whole. First,
only few pairs demonstrate extremely high frequeatynteractions but these at the
same time do not necessarily have to be cooperativeature. This can be easily
illustrated by interactions of great powers. Mos$ttlee pairings, however, exhibit
interaction frequency within one standard deviafiam the average in the population,
which basically equals to half of the possible apyaties. And again only very few
pairs rarely interact at all. Second and probabdyarimportant finding deals with the
average number of interactions, gains, and mutw@bperative outcomes that given
strategy is capable to achieve. Naturally, the éiigbtal gains one gets, the more it will
interact in the future with other players and thareninteractions it had to execute in the
past too. But it also holds that higher averagengair greater average frequency of
interactions usually indicate more mutual cooperstipresent in the history of that
specific player’'s encounters. In other words, ptagat interacts frequently with almost
all other actors, yet rarely on a cooperative bagisild not be ultimately able to do that
for long without negative impact on its capabiléyel. Simply, if you want to prosper
(get high payoffs) in the international relatioystem, you have to cooperate.

As regards individual strategies used in the fatbdel and their particular
characteristics that were most effective in guaing overall success, it seems that
generosity is the right answer under most circuntss. In form of various strategies it

constitutes an appropriate way to ensure mutuap@@bion and thus also victory.
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Generosity pays of very well in a cooperative emwment, where defections are mostly
caused by uncertainty rather than by deliberatetysen non-cooperative behavior. Out
of the three behavioral rules that ought to mirtbe conduct of states in the
international relations system, WALT stood out las most promising one. The best it
managed to achieve wa¥ $lace under 1% noise of both kinds, but its penfamce
gradually worsened and approached that of otherimtewnational relations rules. Few
hints, nevertheless, suggested some advantagealiieguof WALT. Accidentally,
they fully developed only under control simulatioti&t | conducted for completely
different reasons in order to ensure that my resaile not overly conditioned by the

composition of cooperatively biased population atlkod’s strategies.

5.3. Control Simulations
| realized the predominantly cooperative naturetodtegies used in the full model for
the first time during translating of the origin@usce code of Axelrod’s strategies from
Fortran into C#. Then, as | analyzed outcomes wiukitions, this impression only
strengthened and | was therefore more than witlingse some other composition of the
pool of available rules, when this opportunity @&o$he best option appeared to be the
one used by Nowak and Sigmund in many of their kitrans (see e.g. 1993Players
in their models remembered only how the very lasind terminated and they
cooperated or defected after each of the four plessiutcomes according to four
probabilities from 0 to 1 randomly ascribed to thanthe beginning of the game. Thus
for example GRIM would be formalized as (1, 0, §,b@cause it cooperates with
probability 1 only after mutual cooperation (CC)dadefects otherwise. TFT would
look like (1, O, 1, 0) since it cooperates aftareiging reward payoff and also after own
unilateral defection (DC). Finally WSLS would app@a (1, 0, 0, 1) thanks to its naive
willingness to cooperate after mutual defection.

For the first 25 of the control simulations thas@sed 0.95 shift speed and 1%
noise of both kinds | therefore formalized new VIEA behavioral rule named after the
city that Nowak and Sigmund originally came fronouF probabilities determining
cooperativeness after each of the four possibleoouts were randomly and separately
chosen for all players using this strategy at the sf the game and then rounded to one
decimal place. Decision in the first round was madeif it was preceded by mutual

cooperation. | used ten different strategies is &ontrol simulation setting. Besides

® | am thankful to Lars-Erik Cederman for turning atyention to this possibility.
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VIENNA 1| also included three strategies inspiredthg behavior of states, Pavlovian
WSLS (because it was successful in simulations bywa&k and Sigmund), and the five
most successful rules from the full model simulagi@nalyzed above, namely WHITE,
EATHERLEY, CHAMPION, GRISELL, and GTFT. There wet@0 players as before.
Nine of them got strategies already known from previous simulations and the
remaining 91 actors received copy of the VIENNAhiinique four probability values.
For reasons of simplicity, | sorted all 14 650 ploiss strategies into 90 categories
during the processing of acquired data. More pebgislT new rules were arranged
into 3 distinct groups by way of reducing 11 availabl@meration probability levels
(decimal numbers between 0 and 1, including) afeaxh of the four possible outcomes
into three different intervals (probability of campation greater or equal than 0.7; less
than 0.4; and the rest).

All 25 reruns of this control setting were won byAWT. To correctly interpret
this result we need to remember that the new pbatrategies is probably the most
heterogeneous population we can achieve given reonstof additional extension of
players’ memory. From the black line on Figure 2@ @an clearly see how average
gains of individual strategies (see the verticas an the left) sharply decreased right
after the winner. The second most successful gygBRISELL) received only 90% of
the winner’s payoffs and this rapid decline levetedy later to some extent. When
compared to gradual and relatively even decreasmse of lines on Figure 14, this
suggests that success in control simulations isiehnmore fundamental phenomenon
achieved only by very few and probably requiringnsospecific qualities too. In fact,
all of the old rules finished in the top sixth aktfinal list of strategies. But rather than
implying necessary success of more complex rules thke advantage of longer
memory, it only underlines effectiveness of thevjes preselection. For example
GTFT (4" place) and WSLS {8 can be easily regarded as examples of VIENNA. rule
Moreover, there were several newly generated sfiegehat ended up very high. For
instance the least cooperative group of rules fwitin assigned probabilities lower than
0.4 finished third and secured 78% of the winngé#s in average. On the other hand,
when looking at the total sum of gains, the leastessful players received relatively
higher total payoffs than under the previous sg#i40% of the winner in control
simulations compared to 30% in the full model).

Yet not only general distribution of total gainssadifferent from what we saw

previously. Various paths toward success seem ldesas well. GRISELL, the second
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most prosperous rule under the considered congtttihg, in which it moreover never
ended up worse than fourth, cooperates if the nurobepponent’s defections is less
than half of their interactions. It is thereforet acsimple generous strategy that forgives
defections with a given probability. Rather, ifudly deterministic rule that completely
disregards non-cooperative behavior provided thatather player cooperated enough
in the past. Adversary must therefore constantlfilifeertain conditions in order to
profit from the first player’'s profound benevolen€&RISELL in a way examines the
presence of threat similarly like WALT based onvioes interactions, but at the same
time it pays no attention to power or distance. Thied most successful behavior,
however, was the one by group of players similaAtd.D rule as mentioned in the
preceding paragraph. Still other qualities charactd fourth rule, namely GTFT, and
also WSLS fared much better than in the full mo@RIM-like versions of VIENNA
rule that cooperated with high probability onlyemftmutually cooperative outcomes
then ranked ninth in average, while group of sgigt® similar to ALLC that cooperates
unconditionally ended up at the"%place.

Although one can see some tendency that the grsatiee average willingness
of player to cooperate after all four possible ouates, the lower is the chance of being
successful in the population used in the controlusations, another fact is more telling
in this place. We already defined and used cooperass in terms of ability to secure
as many mutually cooperative outcomes as possiliid. its correlation with overall
level of gains vanished entirely here. Cooperatgsnwas no longer synonymous with
success. Taking as an example the last one of BBotsimulations under present
settings, the correlation between the average numbenutual cooperations and the
overall sum of gains is -0.241 and without any demplearly recognizable pattern (see
Figure 21 above). WALT, strategy that received ay the highest total payoffs, was
only 68" with respect to average number of mutually codperaoutcomes of
interactions it participated in. And many otherfid@ed the same path. As with the
previous data, | expected individual players taistributed along the straight line from
the lower left to the upper right corner, but réssluggest instead that the higher is the
number of mutual cooperations, the lower is th&k ratained. This holds at least until
certain threshold being surpassed, after whichrémking increases again. In fact,
WALT is the only one of 9 old strategies not beliorggto the upper right quadrant on

Figure 21 and yet it is still the most successhé.o



Of course, it is possible to get a bit deeper imsigto the impact of four
VIENNA probability values upon overall success, amel can also try to get better
statistical understanding of how the gains/cooperaess relationship evolves. But our
goal here is merely to examine the performancerad ald strategies in a different pool
of rules. From this point of view, one is perplexsdtwo facts in particular. First is the
lack of similarly straightforward relationship beten level of gains and average
cooperativeness as was present in the full modal loisfore. This is best illustrated by
the extraordinary success of balancing againsatbithat cooperates very cautiously.

WALT not only cooperated with nice players and defd against the mean
ones, but it also took account of power and digtafitis made possible to recognize
among its opponents those with whom it would intenmost often. Subsequently,
WALT was willing to unconditionally cooperate anidk extensively only with the least
frequent opponents and it took more cautious stancase of intense interactions. In a
pool where most players are nice and cooperating makes little difference. If most of
the guys around you are friends, it is only nattimat the most frequent partners would
also be friends, and that it is futile to be causidowards them. When there are not
enough defective players taking advantage systeatigtiof overly cooperative actors,
recognizing mean neighbors is rather superfluowsvéver, in a highly heterogeneous
population, the one in which distribution of actors the playing grid makes also a bit
greater difference as regards results of individiralulations, WALT achieved victory
precisely thanks to its ability to see the threatsurately. Being cautious pays off when
you are surrounded by not only friends, but alsoyfaes.

The second perplexing fact is distribution of batkeractions and mutually
cooperative outcomes across individual pairs adratting players as portrayed by the
white lines on Figure 20 (see the vertical axisttom right). Similarly as before, also
here the closer inspection reveals that normatibligton characterized frequencies of
encounters in 4950 possible binary combinationshhadred actors gave rise to (upper
horizontal axis). Yet the distribution of mutuallyooperative outcomes was a bit
different from what we saw before. Even thoughedisnly 1% noise of both kinds in
these control simulations, tendency of cooperatiieomes to approach the power law
distribution at the level of individual pairs wage@ more obvious than under the full
model with 5% noise of both kinds. In this case tdredency was therefore not caused
by uncertainty but rather by heterogeneous natdré¢h® environment with many

defecting players. In other words, only small numbé pairs managed to sustain
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frequent and cooperative interactions, while oveatwiing majority of them backslid
into only occasional cooperation (population averagas 1287 events) relative to
number of interactions (population average was 5&ints). Unfortunately, not even
this fulfilled the requirements of small-world aodikcale-free networks as defined by
the average distance of nodes and number of tbemections. Even if distribution of
mutually cooperative outcomes did correspond t@@riees of such a network, it would
still probably be an overstretched argument, sitiie special kind of interaction
structure ought to facilitate and stabilize coopieraitself. Cooperation should not be a
point of departure, but rather an end state, aemprence of such a network

At the same time, however, in all of the first 3Bghcooperative pairs in this
particular simulation, i.e. in those pairs with tiighest number of mutually cooperative
outcomes, at least one side of the dyad was oatupiesome of the nine old strategies
preselected with help of the full model. Not to &p@bout the fact that 18 out of these
35 cases contained the preselected strategiestbrsioes of the dyad. These few pairs
representing less than one percent of all dyadgower covered almost one third of the
whole interval between the most and the least cadpe extremities. What is even
more remarkable, threats balancing WALT rule thahwontrol simulations despite its
low average cooperativeness ratio figured promigearhong these highly cooperative
dyads, thus further stressing its ability to redegnfriends and foes. And since the
similar facts can be found in data from other rergiven the same control setting, | am
not generalizing here from some accidental results.

As we already know, average gains and average catbygness no longer
correlated with each other at the level of indiatplayers, but some of the most
successful actors (at least those preselecteckiprivious simulations) were still able
to sustain highly cooperative and extremely frequieteractions among themselves. In
a way, they formed some kind of cooperative graup highly competitive and rather
non-cooperative environment, without necessaribrisiy a border with each other. It
thus follows that even if there are different wdy@v to secure success in a highly
heterogeneous population, being a nice but not nditionally cooperative guy
apparently leads over time towards discovery ofrtght path through the maze that
ultimately brings other players of this kind togathAbility to correctly estimate who
are your true enemies can only help in such atsiuaBecause cooperation gives both
players in the binary Prisoner’s Dilemma highergiég/than mutual defection, this path

also appears to be a bit more sustainable thanleimmronditional non-cooperative
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behavior. One can hardly find a better exampleuchsa loose group of not necessarily
neighboring players using various but cooperativatsgies than was (and still is) the
North Atlantic security community as described bgusch (1969) and comprising all
its extensions in other regions such as the Pa8#gin and the Southern Hemisphere.
Simulations that included VIENNA strategy were tiw¢ only test of robustness
of the full model results that | conducted. Twoestlsettings proved that my data and
outcomes did not suffer from exclusion of certaamlues of some parameters. As is
already known, the full model settings includedhbatisperception and misconduct,
worked with punishment payoff as the lower margin mutual cooperation reward
shift, and focused upon 0.05 and 0.95 shift speHEulss in the last two control settings |
opted instead for a different lower limit of theyp# shift now computed as an average
of temptation and being a sucker. Furthermore, revpaining values of the shift speed
were examined similarly like the separate impacindividual uncertainty effects. To
be more precise, 0.35 shift speed was coupled 3#thmisperception probability (y-
axis on the figure above), and 3% chance of mismpginting one’s own decision
joined the 0.65 shift speed (x-axis on Figure Zinulations with both designs were

run 25 times again.
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Similarly as before, it holds also with respectFigure 22 that the closer are
players distributed along the diagonal from thedoveft to the upper right corner, the
higher is the correlation between outcomes of #s two control settings. Here the
tendency is clearly apparent and dotted trenddomérays it perfectly. High level of the
average ranking correlation € 0.895) stressed the fact that actually bothstgarate
inclusion of misperception as well as that of mmhact ultimately led to the very
similar results. Without the rules in the uppet lgfiadrant (see the three white dots
most removed from the trend line) the level of etation between effects of
misperception and misconduct would be even grahtar 0.974. Under both settings
the five most successful players identified in thdl model simulations were
remarkably prosperous too (see the red points gaupthe upper right corner).

One of the very few surprising results of thegwlficontrol simulations was
rather unexpected success of three strategies (FENKNEWMAN, and DOWNING),
which, however, happened only in an environmenh \iited misperception. They did
not manage to repeat this performance anywhere é&sther small misimplementation
probability, nor the noiseless setting proved tsbdelpful in securing high payoffs for
these three rules as the environment with possitfi misunderstanding did. Part of
the reason behind that might be the fact that #iegstimate the nature of opponent’s
future behavior based on his/her previous respensiss to cooperative/defective
moves. Unlike misconduct, misperception enablessbme strategies paying attention
to opponent’s responsiveness swiftly change theitepn of behavior in specific
circumstances of abundant defections. Within thibsee decision-making rules, the
occurrence of misperception usually affects onle @pecific variable while others
remain intact and can shift abruptly when finaltieated. This stormy development
can easily restore mutual cooperation. Inclusiom@fconduct affects more parameters
simultaneously and therefore prevents any turbylbase from occurring.

Not much has changed in other aspects from whatbave already seen in the
full model data. Three rules that mirror behavibsstates in the international relations
system all ended up at approximately the sameiposis in the previous reruns with at
least comparable level of noise. This holds alsoArelrod’s winner TFT and for
Nowak’s and Sigmund’s Pavlovian WSLS rule. Whentale a look at the correlation
of control simulations with the results from thdl fmmodel, then we get similarly high
degree of similitude as on Figure 22. Outcomeshef full model setting with 3%

uncertainty of both kinds, 0.95 shift speed, andighument (P) as the lower limit for
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payoff shift correlates with results of two contseiitings at the level of 0.914 and 0.970
respectively for misperception and misconduct @uapkeparately. When compared to
data from the full model setting with 0.05 payofiifs speed, then the correlation
coefficients of the last two groups of 25 contrivhslations considered here remained
virtually the same too. In other words, very litifle@nything would have changed in the
full model results, if | had employed in my modeéher margin for payoff shift, both
uncertainty effects separately, or even differéift speeds.

Control simulations thus did exactly what is uguaxpected of them to do.
They showed when the results hold and when we teeéd more cautious. Balancing
against threats proved to be effective in an emwrent, in which distinguishing friends
from foes becomes crucial and where there areaat s many defectors as cooperative
players. There is no need for such a capacity nimli&u without enemies, where non-
cooperative behavior is just a matter of misundeding or misperception. On the
other hand, given the population used in the futldel simulations very little could

have been gained by doing more reruns with diffesettings than | examined.
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6. Conclusion

Lamenting about the state of systemic thinkinghteinational relations theory in recent
years, Albert and Cederman (2010: 2) stated thatsitin fact the extremely
interconnected character of the system itself indays that requires precisely the kind
of missing systemic perspective in order to grasptructure and dynamics. They even
mentioned complexity theory as a possible candiftateenewal of systems theorizing.
This thesis is an attempt to model internationitiens from this point of view.

| didn’t try to formalize interactions during ti@uban Missile Crisis or any other
historical event. My attention was not focused upanticular region or state. Neither
did | seek to replicate the distribution of powarthe present system of states with
preeminent position of the United States, the gisstar of China, and carefully
advancing European Union. | already wrote in theoofuction that my aim is to inquire
into the consequences of the system. My intentias i@ model how the system works,
and not where it is in the present moment. Instda@halysis of the real world data in
order to recreate only the current settings invtbdd affairs | thus started with theory.

In their accurate description of the state of iegfélbert and Cederman pointed
out that the rationalist and individualist approaxthstrategic choice exemplified by
game theory dominated mainstream from the lated@@iser on and overtook the power
from structuralist theories such as realism. Thiesvailing individualism also brought
about and was responsible for the lack of systdmsrizing. However, they did not
explore in detail the connection between rationaliseorealism, and game theory as
for example apparent in the case of neo-neo syisthledecided not only to cope with
the problem of individualism in the rationalistriking, | moreover did it by trying to
bridge the gap between constructivism and neoreaklgth help of agent-based
modeling. | believe that similarly like in ontolagil matters, the related multi-agent
simulations in case of epistemology and methodolcay also take a middle position
(now between quantitative and qualitative methaagxploring the complex systems.

This may seem a bit over-eclectic attitude, bufamsas | am not proposing a
new theory, it seems only pragmatic (Friedrichs rat&chwil, 2009: 708-9) and
beneficial to include in the model insights fromrigas vantage points that existing
theories of international relations offer.

[1t is only because of the politics of knowledgethe discipline ... that

we argue over whether scholars have violated thapposedly all-
important allegiance to their theoretical aggregaife they combine
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variables and mechanisms associated with diffesehbols of thought.
(Jackson — Nexon, 2009: 920)

And thus | built the model as | did, by attemptiogformalize the way how different
cultures of anarchy rise up out of players’ intéats, by stressing the common points
between agent-based modeling and constructivisthaesip on rules, agents, and
structure and on constitutive relation of the tasi, and by trying to improve the realist
understanding of the system and its structure gdtack as far as to Hobbes. Ultimate
form of the full model is rather complex combinatiof power, geography, uncertainty,
payoffs, agents, and their mutual (dis)trust crateer huge number of repetitive
interactions. However, from the international nelas theory point of view the most
important is the formalization of constructivistgament by way of payoff shift,
inclusion of power and distance as factors detanginnteraction occurrence, and
mathematization of three strategies mirroring trehavior of states. | hope that
combination of all these different variables andtéiees makes sense not only
theoretically but also intuitively.

Of course there are many aspects in the systemtefational relations that
remained unexplored in my model, and which legitehaask for further attention and
inquiry. Formation of multilateral alliances witkelp of other mechanism than just that
of cooperative binary interactions causing mitigatof the Prisoner's Dilemma might
require modification of several key assumptions. &@ample frequent interactions with
one player may directly affect probability of irdetions with some other actor and thus
not only condition the impact of distance, but dlgailitate emergence of trulyocial
culture of amity and enmity at the systemic lex&bntrol simulations also suggest that
population heterogeneity as achieved by inclusioWlENNA strategy can bring about
some new findings in the future as well. Learnipgssibility of some evolutionary
path, and other ways of changing players’ stratedgleen require more detailed
consideration before taking into account too. Sinhyl there are many possible ways
how to further develop already present featureshef model or alternatively to add
others, already formalized in different researcsigies. These features are not included
in my model simply because | understood them eiéisesuperfluous and not important
enough to further complicate the model, or becdleg just did not demonstrate equal
influence upon all players giving me no reasondd them at the systemic level. | have
in mind especially some kind of universal forgeitiparameter as regards previous

interactions (Ashlock — Smucker — Stanley — Tegfats1996) and varying speed of the
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payoff shift depending on who interacts with whond &ow. Nevertheless, my results
proved to be interesting enough even without tlaeisktional features.

The basic research question asked what consequéawesproperties of the
international relations system as regards prospdot®operation among states. It was
Robert Axelrod who showed that the Prisoner’'s Diteandoes not necessarily means
ever present defection. The fact that | succesgsfajplicated triumph of TFT rule under
the original setting thus only corroborated that Rortran source code was properly
translated into C#. But already slightly modifiear@meters with more iterations and no
interactions with one’s own copy led to victory®@TFT even in absence of any noise.
This generous extension of tit-for-tat was willibgy offer more cooperation than it
received in return. Many Prisoner’s Dilemma moddiswever, lacked features often
perceived as crucial for functioning of the intdromal relations system and thus
plausibility of their cooperative outcomes mightveabeen questioned. But neither
power nor distance (included separately or toggttinged in any noticeable way the
overall ranking of strategies that we got usingrthend-robin pattern of interactions. It
was only shift of payoff matrix that finally madedéference.

At this point it was still not the question who wiand when, but rather what is
the impact of individual variables. Most importantbower and distance, i.e. structural
variables at the systemic level of analysis, hadnmpact upon results whatsoever. A
non-structural systemic phenomenon of noise of smumfluenced the outcomes, but
again there was no difference between noisy roobdirand noisy power/distance
settings. Instead, it was inclusion of factor thaverns mutual shaping of actors and
structure via history of interactions that wieldggdnificant influence over outcomes of
simulations. In other words, it is not the struettinat matters but actors and especially
their interactions leading to friendship and enmity

If we focus our attention upon results of the falbdel proposed in this thesis,
then several general findings arise as well. Fugferent levels of uncertainty and
different speeds of making friends/foes do makeffarénce, even if not a great one.
Increasing noise for example brings about lower ralvegains, diminishing
cooperativeness, smaller differences between wsnaed losers, and slight reshuffling
of the victorious players. Second, there is a strmglationship at the level of actors
between average number of mutually cooperativeomés given player is capable to
secure, and overall gains (s)he received. In otwds, to be successful one has to

cooperate. Furthermore, natural correlation betweeerall gains and number of
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player’s interactions only improves over time tBe@velopment of greater differences in
capabilities strengthens the effect of power upweraction occurrence compared to
more evenly distributed systems, where distancéntgtay a bigger role. Hence, at the
end we can say that gains, cooperativeness, agrdations are basically synonymous.

Third, neither distribution of interactions nor thaf cooperative outcomes
corresponds to scale-free or small world distrinutiNeither at the aggregate level of
players nor as regards their base level of binamhkinations. Frequency of encounters
in individual pairs follows normal distribution, w distribution of mutual
cooperations in individual pairs only gradually getoser to power law distribution as
uncertainty increases. In contrast with what wentbat the level of actors themselves,
even very intensive binary interactions do not seadly have to be cooperative in
nature. In the real world great powers also intekery often but there is no sign
indicating that these interactions must be cooperatWe should also not forget about
the great variability of final positions, which ¢aused by the particular distribution of
actors on a playing grid. From given player’s autar circumstances point of view, it
does make a difference whether your neighbor is Sarmany or Switzerland.

Yet what shall interest us here are not particadeses, in which even nice guys
might be doomed, but general tendencies insteath M$pect to that, you've got a fair
chance not to be at the losers’ side as far as ogmperate. Irrespective of your
neighbors or how powerful they are. That is becalisive most successful rules in the
full model simulations were extensively generousl amade much more cooperative
moves than was the amount they were satisfied witfeturn. It is also because the
more mutually cooperative outcomes you were ablsetaure in average during many
rounds of the game, the better you fared at the Badpite all this, you as a cooperator
may eventually lose, which is disappointing. Butest like you would win anyway.
The system does not favor defective players buperaiors.

Now what if one faces different pool of playerstwitot only friends but also
many enemies? Even in such conditions cooperatiotgrsa that won full model
simulations achieved the highest overall payoffisd Aurprisingly, the balance of threat
strategy formalized according to theory originalgveloped by Stephen Walt won by a
large margin. In a highly heterogeneous environmemlus seems profitable to be
cautious. This rule was generous only towards c@ipes, while defecting opponents
received less than a fair share of cooperative siaveeturn. The extent of these two

groups was further influenced by the probabilityimeraction occurrence, so that less
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frequent encounters induced greater generosity. dveh though average level of
cooperativeness was no longer correlated with divegains, mutually cooperating
players still found their way to each other.

To make it as clear and simple as it gets, | antnyotg to say that wars can be
eliminated in the future. The point is rather thah-cooperative behavior is obviously
not the best strategy how to achieve prosperityssedrity. Norman Angell (1913) said
a similar thing, but his writings were derogativedynplified into jokes about naive
idealism. War and defection can be of course etiily present in the system. But
results show that the system favors cooperativeieh Even if defection might be
beneficial under some conditions, cooperation plevat the end. Even if the
international relations system deteriorates inftiiare back to the long period of war
struggle as was in fact the case during most ohtlmean political history, properties of
the system formalized in the proposed model witdhachange. The system, or rather
gains resulting from players’ encounters, wouldrgwally lead political actors again
towards cooperative pattern of interactions. Iftaimg, war is only the starting point,
the beginning, or rather the childhood of intermiadil relations system’s development
path. The end is cooperation, not war.

| perfectly realize that there is only one worlduyoan draw implications from.
But simulations are here precisely in order to fond, to what extent is this world just a
matter of chance, and to what extent it correspomdise most probable scenario. What
| did is ultimately just a model often relying omtuitive plausibility of its assumptions
and thus always in question of its real-world ralese. But there is no other way how to
find out what the system enables and prevents.ifAmd don't find it out, we won'’t get
familiar with the reality we've got, thus makingntuch harder for us to respond to it.
Using inference to the best explanation, if the elaslright, then generous cooperation
in the international relations is not a passingasamnal phenomenon in otherwise
ruthlessly defecting environment. If the modelight, then it is trust and not power or
distance that makes a difference. If the modeigisty balancing against threats is the
best way how to cope with an environment in whictre is only limited number of
nice guys. If the model is right, it is not the t&ymic level but the level of states’
interactions that must be looked at for causes af. &imply, the war is not here
because of the system. The model was at least somable to explore the real world

issue of cooperation among states. Hence, the@me reason to believe that it is right.

QED



7. Appendix A

Bugs in three strategies were discovered aftesimililations were done and the analysis
of their results finished. These wrongly formalizedes were CTFT, REMORSE, and
WEAKLING. Only former two got into simulations, whki WEAKLING remained
similarly like rules from the Axelrod’s first touament outside the pool of strategies
involved in individual reruns of the program. All them use not only outcome of the
previous round but also the so called standingotifi lactors in order to determine one’s
own behavior in the present iteration. This stagdian be either good or bad.

What | did is that | rewrote these rules in a whagt players using them would
need to consider only outcome of the correspongiegious interaction and one’s own
standing. In other words, they would not need tp gtéention to other players’ standing
any more and this would also prevent possible @afuin case of misperception
occurrence. Since this particular effect of undgetyacan be understood either in form
of misperceiving opponent’s last move or alterrelyivas misperception of adversary’s
standing only, excluding opponent’s standing froetessary considerations prevents
this confusion at its roots. On the other hantkduires three types of standing (content,
provoked, and contrite) instead of only two.

Shift from two to three different variants of stéamg was part of the problem
with respect to those above mentioned strategiesd@r bad standing is determined
after player makes a move in the current round,na after taking a decision but
instead after taking an action. Possibility of miglementing the decision is examined
before setting the final standing and thus mistaes reflected in it. In contrast,
standing that has three variants is determinedréedoy action takes place. Player
becomes content (C), contrite (R), or provokedh@ed on outcome and own standing
in the last round. Only then it can make a decistake an action, and possibly even
misimplement own choice. But neither of this haantlany impact upon given standing
in current iteration. Translating between two desigf actors’ standing formalization
requires some attention to detail and | appardatied that when | was doing it.

In a good/bad standing environment, player getalganding after cooperative
move or alternatively after defection provided tlitatvas in good standing in the
previous round while the opponent was in bad. Nuwe above mentioned rules can be
described as follows: CTFT always cooperates exicefite case that it was in a good
standing in the previous round and opponent was iad one; REMORSE cooperates

after mutually cooperative outcome or if being inbad standing; and finally
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WEAKLING cooperates only if it is in bad standinghe mistake present in
WEAKLING is simply that | formalized it in a way #h it starts with cooperative move
instead of defection. However, this strategy apgeéan no simulation, so this bug has
no effect upon results whatsoever.

Given the possibility of three different variamtsstanding, the logic of contrite
TFT rule can be summed up by the following few saoés. This strategy defects only
if being provoked, and it gets provoked after beingucker in the last round while
content or provoked, or after receiving punishmgayoff while simultaneously being
provoked. It becomes/remains contrite and coopgratten the previous encounter it
defected while contrite, or if it got temptationyp# while being content. In all other 6
caseSit becomes content and cooperates.

After “CC” while content:  stay content and corgie

1.
2. After “CC” while provoked: become content ambperate
3 After “CC” while contrite: become content arabperate

4. After “CD” while content: become provoked andeds
5. After “CD” while provoked: stay provoked andfelet

6. After “CD” while contrite: become content anabperate
7. After “DC” while content: become contrite ancoperate
8. After “DC” while provoked: become content arabperate

9. After “DC” while contrite:  stay contrite and @perate

10.  After “DD” while content: stay content and ceoate
11.  After “DD” while provoked: stay provoked andfdct
12.  After “DD” while contrite: stay contrite andaperate

Figure 23: Contrite TFT Formalization in an Enviroment

with Three Variants of Standing

In my source code | made one mistake in line 1theffigure above. Instead of staying
content and cooperating, | formalized CTFT so thatvill become contrite and

cooperate. Player thus decides for the correcbmdtut gets a wrong standing. Yet the
error has impact upon payoff that CTFT actor reegiin a given round only in very

specific circumstances. Since contrite TFT nevdeas while being content, there
must be a mistaken implementation occurring andikameously the other player must
defect in that specific round too so that we gé&t iime 10 at all. Even then, however,

we get different payoff only if in the next roungponent defected while the first player

" There are always 12 possible results of the tasnd encounter under this kind of standing

formalization. It is because of 4 different outcanaamd 3 different standing variants for each orthern.
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cooperated, thus creating the possibility of ndy aifferent standing but also different
action taken in the still next round. All this heldrovided there are no other mistakes.

Obviously the chance that this bug in the souraeagould actually have some
impact in form of decreased payoff for CTFT playgrather miniscule, not to speak
about the possibility of significantly altering tmesults of full model simulations. In
fact, if | would have to sum the effect of this bimgfew words, it makes CTFT player
willing to apologize for its own mistakes (and tharcept corresponding punishment)
even if they did not cause any harm to opponeaffitSince generosity paid off in the
full model, this kind of bug that enhanced forgtyioould have made little harm to
success of CTFT. Moreover, noting the fact thatcomnisluct and misperception had
basically the same effects upon success of stetdgee control simulations), and that
CTFT overcomes only own mistakes of implementattbrs bug seems not that grave
with respect to general findings.

The last strategy that contained an error was REBIER his case is a bit more
complicated. After trying to translate it into tfem with three variants of standing so
that we were able to disregard internal state ef djppponent, one ultimately gets
following twelve rules determining its action:

After “CC” while content:  stay content and coagie

1.
2. After “CC” while provoked: become content ambperate
3 After “CC” while contrite: become content armbperate

4. After “CD” while content: become provoked andea
5. After “CD” while provoked: stay provoked andfelet

6. After “CD” while contrite: become content aneffelct

7. After “DC” while content: become contrite ancbperate
8. After “DC” while provoked: become content arefett

9. After “DC” while contrite:  stay contrite and @perate

10.  After “DD” while content: stay content and ceoate
11.  After “DD” while provoked: stay provoked andfdct
12.  After “DD” while contrite: stay contrite an@aperate

Figure 24: REMORSE Formalization in an Environment

with Three Variants of Standing

The mistake was that instead of becoming conteBBRSE strategy in my source
code retained its corresponding internal statussf@nding) in line 2 as well as line 3.
So if with respect to CTFT rule the error was liitto the single line, already two lines

were affected in this case. And again as with thevipus strategy, also here some
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specific circumstances must be met in order toedhis bug having any impact at all.
As regards the second line on Figure 24, playerguREMORSE has to make a mistake
while provoked and the opponent must simultaneoasbperate, so that the required
outcome arises at all. Even then the bug has dagteadnly if the other player does not
defect (intentionally or not) at least until anatheccurrence of the first player's
inaccurate implementation. Thus one needs at teasinistakes by the first player and
no defection in between by the opponent in ordagebany effect out of second line’s
bug. Overall impact of this line when comparedttorepaired form is probably only
slightly more defective behavior leading to onlyghgibly (if at all) higher payoffs than
under properly formalized version, depending of reeuupon composition of the
population itself.

Then as regards the third line that also had adouigs own, one needs such an
opponent that would be willing to defect after naltyicooperative outcome, in order to
turn the effect of this error into reality. No na@ké of implementation is necessary any
more, but this is not very positive informatioma® it means higher probability of this
bug having an impact upon overall results. Againddpends on who interacts with
whom, but as far as we take into account all ptessilicumstances, it seems that the
repaired third line in REMORSE has slightly posstimpact upon its performance even
though it would have made it a little more defegtbehavioral rule. Given the fact that
error in line 2 had most likely an exactly reverséf@ct, | don’t expect that the repaired
version of REMORSE would have changed my resulentosignificant extent.

| fully realize that to be perfectly sure one wouleed to repeat the simulations
de novo Running the program again for several hundredsnués because of bugs in
two moderately successful strategies is, howewarbéyond the scientific criteria of a
rigorous research | am willing to observe. The mogtortant conclusion of the full
model simulations dealt not with a problem of whorwthe reruns under what specific
setting, but with the fact that power and distamad smaller influence upon results than
expected. Neither this, nor the finding that gesgyoseems to pay off, would have
been changed, if | rewrote the two above menticsteategies and did everything all
over again. Small errors present in the source cd@TFT and REMORSE would not
have pushed them to the top of the list, if rehifdot even control simulations with

five most successful rules preselected in thenfitlel would be influenced at the end.
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8. Appendix B

Here follows a short description of individual $égies, used in my model:

[1] Tit-for-tat: it starts with cooperation and teafter repeats opponent’s last move.
Strategy is nice, provocable, and forgiving. It wamth of the Axelrod’s tournaments.

[2] Champion: after ten unconditionally cooperativeves player using this strategy
switch to tit-for-tat for another 15 moves and thaefects only after other player’s
defection given the opponent has cooperated less 60% of the time and the
generated random number is bigger than adversagf cooperation.

[3] Boerufsen: actor using this strategy starthwivoperation and then uses TFT as its
basic strategy. However, after three consecutivduaiudefections, it introduces
unconditional cooperation. It also checks for eo#fbect and after three such
consecutive moves it introduces single cooperatistead of the first next defection.
Every 25 moves player tries to check if the otreoais either defector (in cooperated
less than 3 times out of the last 25 interacti@ngandom player (it cooperated between
8 and 17 times, but less than 70% of that was &ft&tr player cooperation, i.e. it is
unresponsive). If opponent seems to be either tefec random player, actor defects
until the next check after 25 moves.

[4] Cave: actor using this strategy defects if dtiger player’s defection frequency gets
above 79, 65, or 39% of all their interactions dhid after more than 19, 29, or 39
rounds respectively. Otherwise it always cooperatfésr other player’'s cooperation,
and also after opponent’s defection given thatojmeonent defected less than 18 times
and that the random number between 0 and 1 isHass0.5.

[5] Adams W.: actor using this strategy cooperateshe first two moves. Then, if the
opponent defected less often than is the giverstiold (4 initially), player cooperates.
After reaching the threshold, player defects uopiponent’s next defection, in case of
which it reduces the threshold by half, resets remdd opponent’s defections, and
cooperates if random number between 0 and 1 idesntilaan the new threshold.

[6] Graaskamp & Katzen: actor starts with cooperatnd then repeats other player’'s
last move. On the 11 21% 31, 41%, 55 and 101 encounter it checks, if score from
previous interactions with the opponent is at mbgiints lower than the ideal score
from uninterrupted cooperation. If this is not ttaese, player defects forever.

[7] Weiner: actor using this strategy plays TFTagtgy unless there are more than 4
opponent’s defections between penultimate artilast encounter. In such a situation
player defects irrespective of the opponent’s hagtve. Also every time the opponent’s

defection three rounds ago is followed by cooperatn the penultimate round, actor

updates its forgiveness factor by increasing i2Byif the other player defected in the

last move. If the forgiveness factor before updatwmas lower than the number of

encounters so far, the player cooperates.

[8] Harrington: actor starts with cooperation. Urniimately strategy is too complicated
to be described here. See the source code foedisidn-making process.

[9] Tideman & Chieruzzi: actor starts with coope@yatand then repeats other player’s
last move. If the opponent starts defecting fordbeond, third, fourth time etc., then the
first player introduces one, three, six etc. extrishing defections, respectively,
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required to reestablish cooperation. However, thritual interactions is relaunched de
novo if the other player fulfills four conditionst hasn’t just started new series of

defections; the last relaunch was at least 10 maggs and total number of other

player's defections differs from that of randomastgy by at least 3 standard deviations
of the population of possible numbers of defectiohthat random generator. Relaunch
means that player cooperates immediately, but moes counting total number of

defections. In the next move it behaves as if thme just started and it also resets
number of times the other player switched from @vapon to defection.

[10] Kluepfel: it starts with cooperation and iretBnd round defects with a probability

of 60% only if the opponent defected in the finsteraction. From the second round
further on player counts number of opponent’s coajoens and defections after the

first player's cooperative or defective move. Af@8" encounter, player introduces

defection under two conditions: first, if number @ponent’s cooperations after first

player's defections is at least as big as halfhef difference between number of first
player's defections and three halves of square ofothat number; and second, if

number of opponent’s defections after first plagexdoperation is at least as big as half
of the difference between number of first playestsoperations and three halves of
square root of that number. In all other caseseplagpeats opponent’s last move with a
probability of 100%, 90%, 70%, and 60%, if the opgot did the same thing for the last
three, two, or just one round (cooperation or defeg respectively.

[11] Getzler: in this case, defection of the otpktyer has a one round half-life for the
interacting partner, which is basically a forgegtiunction. Actor then defects only if
the discounted sum of other player's defectiongresater than a randomly generated
number from O to 1.

[12] Leyvraz: it cooperates in the first encourdrd thereafter makes choices according
to previous 3 rounds. Player defects with a prdigtnf 75% if the opponent defected
in both of the last two rounds. It defects if ththey player defected only in the
penultimate encounter out of the last three moaed,it retaliates opponent’s defection
in the last encounter with a probability of 50%thie other player cooperated in the
penultimate round and the round before that. lothker cases player cooperates.

[13] White: actor using this strategy cooperatethnfirst ten rounds and then it defects
only after opponent’s defection and even then ohlthe number of other player’s
defections multiplied by natural logarithm of thenmber of interactions is greater or at
least equal to the very same number of interactions

[14] Eatherley: actor using this strategy startthvdooperation and defects only after
opponent’s defection. Even then it defects onlyhvétprobability equal to the ratio of
other player’s defections over number of all moves.

[15] Black: strategy cooperates in the first 5 n&Jés memory is restricted to the last 5
encounters so the defection that occurred befaeishforgotten. After 5 initial moves

actor cooperates if the random number (from 0 tmdliplied by 25 is bigger than the

number of defections raised to the second powedanteased by one.

[16] Richard Hufford: it starts with cooperationdalFT. As far as the other player did
the same in the last move as the first player @tk dn the penultimate encounter, it
continues with TFT, holds short-term sensibilityrgraeter of the opponent at the
highest level (initially 5), and increases longatesensitivity by one on each encounter
(initially same as number of encounters). If thegiderm sensitivity gets above nine
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tenths of the number of encounters and simultanga@lsort-term sensitivity is the
highest possible i.e. 5, player cooperates. Orctmgrary, if the long-term sensitivity
gets lower than five eights of the number of entexsor if short-term sensitivity gets
below 3, actor defects. Furthermore, there is argithreshold RF (initially 20), when
player defects for a single round after opponenpeoated for a consecutive RF-times.
After this defection, player repeats opponent’s fasve, and then cooperates together
with evaluating other player’s response to intraatldefection. If opponent retaliated,
threshold is increased by 10. If it did not reti@éato introduced defection, threshold is
gradually decreased to the integer part of thesitini of 20 by 2/3, 2/4, 2/5 etc.

[17] Yamachi: actor using this strategy decidesatiog to the number in a particular
cell of the 2x2 matrix. If the number is non-negatiplayer cooperates, otherwise it
defects. Initially, numbers in all four cells ar@fd the game starts in an upper-left cell
[0, O]. If the opponent defected/cooperated onexipus round, number in a given cell
is decreased/increased by one. Then the playersrov@nother or stays at a given cell
based upon two rules: first, after opponents defedn round t-1, cell considered in
round t+1 will be in a lower row of the 2x2 matriand second, if player decides in a
given round to cooperate, in the following encouittevill decide according to number
in the left cell of the selected row. After all th& number of all encounters so far is
greater than 40 and simultaneously the differereteséen cooperations and defections
is less than one tenth of all moves, then the plelyeoses defection.

[18] Colbert: strategy cooperates on the first & esoexcept for the sixth one. From the
9™ interaction further on player cooperates untitfilefection of the other player. Then
it defects twice followed by two unconditional cewgtions. After that it starts
cooperating again together with checking for deéecon the previous round.

[19] Mauk: actor using this strategy plays TFT ba first 50 encounters and defects on
the 5£' move. Then it plays TFT for another 5 interactioAscording to opponent’s
behavior on these 5 moves player decides ifi &und, which of the 4 available
strategies to use for the rest of the game. Ifother player seemed to use from'®
56" interaction either TFT strategy (it defected off%&@nd 54" round) or the same
strategy as the first player (it defected froni'8d 54" round), then actor again starts
repeating opponent’s last move. If opponent’s gaimis the first 56 interactions are not
greater than 135, then the first player defectsmfr67" encounter further on.
Furthermore, if the other player defected froni' &4 55" only once and that on 53
encounter, then the first player consistently coas after 58 round and from 118
round further on plays TFT. Finally, under all atliercumstances actor decides for a
strategy that plays TFT but initiates defectionewery 8" to 158" round (when next
defection occurs is determined immediately afterl#st one).

[20] Mikkelson: actor using this strategy coopesaite the first two rounds. From the
third encounter further on player decides accordimgspecial parameter, call it X,
which is updated from the very first round. IniyalX is -3 and every round it is either
decreased by 1 if opponent cooperated in the puewemcounter, or increased by 2 if it
defected. Now, from "8 round on player cooperates if X is less than df, and if
number of encounters so far is less than 11, g#asfand X gets value -1. Otherwise,
i.e. if number of encounters is greater than 1@y cooperates if opponent defected
on less than 15% of all encounters. Otherwiseféals.

[21] Rowsam: actor using this strategy makes dewssiwith help of two parameters
(KAM and NPHA) updated every round and with initalue 0. If KAM is greater than
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6, player defects. NPHA is decreased by 1 in argreeind every time it gets above 0 in
the previous one. Moreover, unless NPHA equals toefbre this reduction, player
cooperates. If none of those conditions is met, KAMdecreased by 1 every "18
encounter provided it is greater than 2. Giverttalt, player always cooperates except
for every 8' encounter when it considers following decision-ingkrules. If the score
gained from encounters with a given opponent sasfat least 2.5 times greater than (or
equal to) the number of encounters multiplied bynighiment payoff, then actor
cooperates. Otherwise it defects and KAM is incedaby 1. Furthermore, if score
gained so far is less than 2x, 1.5x, or even léss t1.0x number of encounters
multiplied by punishment payoff, then instead of MAncreased by 1, it is increased by
2, 3, or 5 points respectively (choice of defeci®retained).

[22] Appold: actor using this strategy updates key parameters every round. The first
one represents ratio of opponent’s defections tladibwed after first player's
cooperation over overall number of first player pexative moves (initially 1). The
second one represents ratio of other player’'s tlefecafter first actor’'s defections over
total sum of first player's defections (initially).1In the first four encounters player
cooperates and also overlooks opponent’s firstatiefe afterwards. But thereafter it
defects if the first player cooperated on the pemakte encounter and simultaneously
the first parameter is greater than randomly gdedraumber from <0, 1>, or if it
defected on the penultimate encounter and simuissie the second parameter is
greater than randomly generated number.

[23] Grisell: actor using this strategy cooperates given move if number of other
player’'s defections is less than half of the nundjeall their interactions.

[24] Tit-for-two-tats: player starts with coopertiand continues doing so until other
player defects in two consecutive rounds. Cooperdiehavior is restored immediately
after opponent’s cooperative move. John MaynardtSsuibmitted this strategy into the
Axelrod’s second tournament.

[25] Almy: it starts with cooperation and thereaftises one of the four basic strategies:
TF2T; TFT; Always defect; and exploiting strate§yhen chosen, strategy is always
played for 10 rounds, which is followed by an ewdion and possible shift, resetting of
own and opponent’s defections counts, and thenhanot0 moves. Exploitation
strategy is selected if the opponent has neverctifedefore the first considering of the
exploitative strategy, or if it had been alreadiesid before, if the first player didn't
defect a once in the last 10 interactions (for itktdogic of exploitation see the source
code). In special circumstances when selected nselgcted rule’s last performance is
worse then that of the last used rule and thereatdsast one mutual defection in the
last 10 encounters, then actor cooperates for Bdand proceeds again to evaluation
(exploitative rule being ruled out).

[26] Ambuehl & Hickey: actor using this strategya$ with cooperation, repeats
opponent’s last move on the next 4 rounds, and ttwoperates if the other actor
cooperated in majority of the last 5 encounters.

[27] Feathers: actor using this strategy start$ witoperation and counts number of
other player’s defections since its last cooperaff®) as well as overall number of its
cooperations so far ©. If sum of gains from presgionteractions with that particular

opponent is at least % of those from possible eninpted mutual cooperation given
initial payoff matrix and if random number from ® 1 is not bigger than parameter P,



then the first player defects for one round andeafer unconditionally cooperates for
two. P equals to 0.95 increased by unit fractionse€ond power of number of

encounters, decreased by sum of average payo#s aftprevious cases of the two

unconditional cooperations that followed after suddfection increased by 5 and
divided by 15, and decreased by 0.25 if opponefaatied a round before. However, if

the sum of gains so far is less than already meedidZ, then player defects unless two
conditions if fulfilled. First, if overall sum of gyoffs is even less than 7/12 of the
possible gains from mutual cooperation, then thst fplayer does the same as the
opponent on the previous round. Second, if theaandumber from 0 to 1 is at most ¥
increased by share of C out of all encounters,iffgrdnce of first and second player’s

gains from their previous interactions with eacheotdivided by 100, and by four unit

fractions of number of interaction, plus decreabgd¥: of S, then the first player

cooperates. This strategy is called Tranquilize®telrod’s second tournament.

[28] Grofman: actor using this strategy cooperatethe first two moves and uses TFT
in the next five. From the eighth move on, actoopmrates only if it cooperated in the
last round and the other player defected less 3qtmes in the previous 7 encounters,
or if the actor defected on the last round anddpponent defected at most once in
previous 7 encounters. Otherwise player defects.

[29] Joss: actor using this strategy starts witlopsvation and thereafter counts
opponents cooperative moves and decides according different processes each
assigned to different states (from 1 to 5; inifidte is 1). In state 1 actor first defects
with a probability of 10% together with changingtsis to 5, and if this defection does
not occur, player proceeds in the same way aswfag playing according to state 5
except for the first step in state 5, which is bamge status to 4. Based on the same
steps of state 1 and 5, player first resets nurmbedefections if opponent cooperated on
the previous round, or alternatively increases remmiif defections. If this number
exceeds 20 it cooperates, switches to state 3 esetsr defections. In other cases
(opponent cooperated or defections do not exceg¢dpMyer inquires whether other
player cooperated at least on 70% of round frombiginning up to the penultimate
encounter (excluding). If it is so, actor repegtpanent’s last move. If not, it shifts to
state 2, defects, updates number of defectionseifather player defected on the last
move, and shifts to 3 if this number exceeds 1(ddrstate 2 player defects, updates
number of defections and shifts to state 3 if itemds 10, or resets the number if
opponent cooperated in the last interaction. Ustietle 3 actor does the same updating
or resetting exercise with the exception that ihterested whether number of defection
exceeds 20 instead of 10, and if it so, it coopsratnd resets that number without
changing the state. In other cases it repeats @mpsnlast move. Under state 4 the
actor always cooperates. It shifts to state 1e&fapponent cooperated a round before,
and otherwise increases generosity parameter bgitially 0). When this parameter
gets to 4, player resets number of defections duifts 0 state 3. Otherwise player
continues according to state 1 in the next round.

[30] Pinkley: this is Revised State Transition rirfem Axelrod’s second tournament. It
cooperates on the first two encounters and thexeaftalyzes other player’s behavior
through single-step Markov process updating thebaiodity of the opponent’s
cooperation (on the last round) after all of tharfpossible end states (CC, CD, DC,
DD on the penultimate encounter). Basically thehargis the number of previous
interactions, the harder is it to profoundly shik updated probabilities.

17¢



[31] Nydegger: it plays TFT for the first 3 movesliess it unilaterally cooperates in the
first round and unilaterally defects in the secamdsuch a case it defects in the third
move as well. After the third move it computes spledefection score in which own
previous defection has value of 2 points and tliadhe opponent 1 point. However,
memory is only 3 rounds-long. Defection score fr@spective encounter is multiplied
by 16, 4, and 1 from the oldest to the latest adgon respectively. Finally, actor
cooperates if the defection score equals 0, 2B82840-4, 46-8, 56-7, 59-60, or 62-63.

[32] Pebley: actor using this strategy repeatpriésvious move, if both players chose the
same action in the last round. Otherwise it defedtis a probability of 80%.

[33] Falk & Langsted: actor using this strategy rtstawith cooperation. Actor
remembers outcomes of the last 8 rounds and cdumis many times opponent
cooperated/defected after first player’'s own coapen or defection. If the other player
defected for the last 8 rounds, actor gets to TEOemand repeats opponent’s last move
from now on except for case when it perceives oppbms a random player. Then it
defects for one round and resets defection pararBet®pponent is considered random
if values of its cooperation to defection ratiogeaffirst player's cooperation and
defection are both between 3:2 and 1:2. Afterwatsr checks if it is in TFT mode.
Next, if player's cooperation parameter C is pwgsitit cooperates and resets C to zero.
As a next step actor evaluated if the opponent hastefinished second consecutive
cooperative move provided number of encountersss than 30. If so actor cooperates.
If not, it checks if opponent responded to thetfptayer's single cooperation four
rounds ago according to TFT logic. If yes, playeomerates and sets C to one. Further
condition screened is that actor defects (togethién resetting of D) if opponent
defected at least by 3 rounds more frequently. é?lagsets D-parameter if any of the
last five conditions evaluated is true except Far third one. It defects after any of them
is fulfilled except for second and third and co@pes also if the fifth and thus the last
condition if false. These conditions are (evaluatethe following order): whether the
first player was the only one who defected roundotee whether D-parameter is
positive; whether both cooperated round before;thdrethe first player cooperated as
the only one a round before; and whether it detecte

[34] Weiderman: actor using this strategy defeaisever after three consecutive
defective moves of the other player. Otherwis@dperates.

[35] Adams R.: strategy starts with cooperatioriha first two encounters. Thereafter
actor retaliates after opponent’s defection ungip@nent defects again. However, if
opponent’s first defection was on the first rouactor does not retaliate aftef, 3", 9"
defection etc. Similarly, if opponent’s first defem was on the second round or later,
player does not retaliate after that first defettimnd then also aftef'47", 10" etc. But
even if according to the previously stated condgi@actor decides not to retaliate after
other player’s defection, this decision can bé 8tivarted (for that single round) since
there is only certain probability of the first péais cooperation after opponent’s
defection in the immediately previous interactiomitially 80%). This probability is,
however, halved just after every defection of thmpanent and again after all first
actor's decisions taken immediately after othey@ta defection. It is halved as well
after every second decision to defect that foll@after opponent’s cooperation in the
previous move. Under all other possible circumstaractor cooperates.

[36] Dawes & Batell: actor using this strategy stawith cooperation and then
cooperates after other player’'s cooperation irptieeious round. If opponent defected a
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round ago, then actor cooperates only if 5 istleas the product of 1.6667 raised to the
power of overall sum of opponent’s defections ar@8P raised to the power of sum of
cooperations. Otherwise it defects forever.

[37] Lefevre: actor using this strategy defecthé& number of other player's defections
is greater than one fifth of all their interactio@herwise it cooperates.

[38] Anderson: strategy starts with cooperationteAfsecond encounter it begins
counting how many times had the other player rededrnto cooperation (defection)
with cooperation and how many times with defectionthe first 15 interactions player
defects unless opponent cooperated in the pre@ncsunter or unless number of other
player's defection is greater than 2. Fronf ®&icounter on player defects if the number
of opponent’s defections that followed after fipdayer's cooperation is the same or
greater than one third of the sum of all first @esy cooperations up to penultimate
round. If this is not the case, actor chooses a@dio@ on all rounds except for every
fourth, and even on every fourth one if the oppomEiected only once out of the first
16 encounters and that precisely on th& @6e and without being provoked. If even
this is not the case, player defects if there weyet a single defection of the first
player followed by opponent’s retaliation, or ietsum of opponent’s cooperations that
followed after first player’s defections is at leagual to integer value of one twelfth of
all mutual encounters. In all other possible sitret player cooperates.

[39] Downing: this strategy cooperates in the fitgto rounds and then decides
according to the level of other player’'s responséss in the previous encounters. Every
round actor updates ratio of opponent’s cooperatfter first player’'s own cooperation
(‘good’) or alternatively after its defection (‘bad Out of these two ratios actor
computes two parameters: ‘c’ and ‘alt’ (c =6 * goo8 * bad - 2; alt =4 * good - 5 *
bad - 1). Then if ‘c’ is non-negative and simultangly ‘alt’ is lower or equal to ‘c’,
player cooperates. But if the first condition holdsile the second does not, then player
does the opposite as in the last encounter. The bappens also in a different case that
‘alt’ is greater or equal to zero. All other sitimais cause defection. The same rule was
submitted in the second tournament also by StaQlegyle.

[40] Zimmerman: actor using this strategy startdhwiooperation. Then if both players
chose for the same option in the previous rounthramontinues along the same path
further on. However, in case of two players optfog different moves, first player
counts how many times other actor unilaterally diefé/cooperated. Nevertheless, it
continues along the path set unless opponent’atendll defections/cooperations reach
certain threshold (4 and 8 respectively). Thenplager resets the counts of unilateral
moves, updates the thresholds, and switches tmatiee move than it has pursued so
far. If player cooperated up to that point, it udathe threshold for unilateral
cooperation, which it will be counting immediatelfterwards. Updating takes form of
integer value of unilateral defections thresholdt@ased by 1 and multiplied by 1.6667.
If player defected in recent encounters, it updatekie of unilateral defections
threshold. New threshold will be the same as ole dacreased by 3 and increased by
integer value of score gained from previous encansnivith a given opponent divided
by product of punishment payoff and number of entexrs.

[41] Newman: actor using this strategy cooperateshe first two moves and then
updates probabilities (BETA and ALPHA) of opponentooperation on the last
interaction after the first player’s defection/ceogtion in the penultimate one. In order
to decide what to do player constructs two parareefarameter A, which is six times
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ALPHA decreased by two and then further by nineeSnBETA, and parameter B,
which is four times ALPHA decreased by one and thetier by six times BETA. If A

is nonnegative and simultaneously not lower thathBn player cooperates. If A is only
nonnegative, then actor does the opposite as ihdite last encounter. It does the same
if A is lower than zero and simultaneously B is negative. However, actor counts
cases when both A and B are negative, defects enfitst three such situations,
cooperates otherwise, and resets that number @isc@enile choosing defection) if
either of two interacting players cooperated inrtpeevious encounter.

[42] Jones: this strategy starts with cooperatiah for the logic of further decision-
making see source code since strategy is too coatetl for a written description.

[43] Shurmann: actor using this strategy start$1witoperation and then reciprocates
opponent’s cooperation provided it never defectedhe past. If other player already
defected at least once, actor decides its moverdiogpto special probability parameter
(0.5 initially), which is updated on every encountéthere was a mutual cooperation in
the previous round, player cooperates with a pritibabqual to value of the last round
parameter multiplied by 0.57 and increased by Od&ase of mutual defection in the
previous encounter, player cooperates with a pittyabqual to value of the last round
parameter multiplied by 0.74 and increased by Q.1B#ally, after either side’s
unilateral defection, player cooperates with a piolty equal to value of the last round
parameter multiplied by 0.5.

[44] Nussbacher: actor using this strategy coopsran the first 10 moves. Then it
counts opponent’s defections in the last 10 en@yargnd decides whether to cooperate
or not accordingly. If opponent defected 9 or I@e$ out of last 10 moves, player
defects with a probability of 94%. If the opponetgfected 7, 6, 5, or 2-times, then
player defects with a probability of 87%. In case4p 3, or 8 defections of the other
player in the last 10 encounters, actor defecth wiprobability of 91,5%. If opponent
defected only once, first player defects 23% ofesmFinally if opponent consistently
cooperated, player cooperates as well.

[45] Gladstein: actor using this strategy startshwdefection. After opponent’s first
defection, player cooperates and from then onesuBFT strategy. Between the first
round and the opponent’s first defection, actoedesf if number of its own cooperations
over other player’s cooperations so far increagedne is greater or equal to one half.
Thus it defects on the fourth, sixth, eighth endeuetc. This is the TESTER rule in the
Axelrod’s second tournament. It is also one of frepresentatives’.

[46] Batell: it defects forever after opponent’sitte defection. If this is not the case, it
cooperates after opponent’s cooperation in thertastd. It does not retaliate defections
unless they are separated by less than 3 cooperatives. Then it defects forever.

[47] Smith D.: it cooperates with a probability @P5 on the first move, and also after
other player's cooperation as well as after opptsedefection preceded by its
cooperation. Player cooperates with a probabilitp.65 after 2, 3, 4, or 5 opponent’s
defections in a row. After'8defection of the other player in a row player céetis
memory and thus tries cooperation with a probahbdft0.95. However, if the opponent
continues with uninterrupted defections, next agieto cooperate is postponed. Player
in fact cooperates with continuous defector afte8f, 14", 25", 39" defections etc.

[48] Leyland: actor using this strategy starts wittoperation and each round updates
overall number of opponent’s defections as wellnamber of defections after the
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opponent’s last cooperation (I5). Parameter |%eset after the next cooperation of the
other player unless this count of recent defectierless than 2. It is also reset after all
first player's cooperations not based solely up&i Becision-making, e.g. when actor
repeats opponent’s cooperation on the last roumengl5 is higher than 5, which is
always the very first condition evaluated in plagedecision-making process after
updating number of defections. In other situatiaotr plays TFT provided number of
interactions so far is lower than 30. If number edfcounters exceeds 29, player
reconsiders cooperation probability (initially 75%)d lowers it by 20 points if
opponent defected from 40 to 60% of all of theieyious interactions. From 30
encounter further on actor usually repeats oppdéadt move unless random number
from O to 1 is higher than cooperation probabilishen the actor defects. After every
such a defection player acquires bad standing, wiéts back to ‘good’ just after any
non-TFT-based decision to cooperate, similarly mscase of the count of recent
defections. After every defection caused solelyldoy cooperation probability actor
repeats opponent’s last move (if it does not dedgetin because of low probability of
cooperation) and then, until good standing is rest@again, it starts taking notice of the
last opponent’s move. If the other player coopekatector decreases cooperation
probability by 5 points, changes it to zero if tlesult is negative, repeats opponent’s
last move if the result is at least 0.3, or if tlié case proceeds again to generating
random number and comparing it with cooperatiorbahility. But if the other player
defected, the first player cooperates, increaseparation probability by 15 points,
changes it to 1 if the result is bigger than om& ensures that if I5 is now bigger than
5, it will cooperate in the next round (even befdreould have updated cooperation
probability) and will repeat that until 15 will naet below 6. Rules for resetting count
of recent defection were already stated.

[49] McGurrin: actor using this strategy startshwitefection and then cooperates for
two rounds while paying attention to what the opg@nwas doing. If the opponent
defected on both®1land 2% encounter, player shifts its strategy to TFT.hé tother
player cooperated in both interactions, the fislyer introduces defection every'8
round from now on and otherwise cooperates if {y@ooent cooperated on at least one
of the preceding two rounds. If the other playespmrated on only one of the first two
rounds, actor decides what to do according to oppt® move on the 8 encounter.
Given other player cooperated on th&rund, actor shifts its strategy to TF2T. Given
opponent defected on th& 8ncounter, player shifts to TFT beginning with peration

or defection according to what the other player alidthe first round (cooperated or
defected, respectively).

[50] Hollander: actor using this strategy defeat/@fter two consecutive defections of
the opponent. It also unilaterally introduces sngefection every few rounds (with
decreasing frequency).

[51] Grim trigger: player starts with cooperatiomdacontinues doing so until the first
defection of the opponent. Thereafter it alwaysdes. Strategy is totally unforgiving.
This strategy was named FRIEDMAN in the first Axeltournament.

[52] George Hufford: actor using this strategy glajFT on the first 5 encounters
simultaneously saving number of defections in thesees. If previous 5 rounds were
at least as profitable for the first player as pleaultimate 5 encounters and the number
of defections were less than 5, then actor intredwane more defection (out of every 5
moves) than before. However, if this decision Isit@ver gains to player than previous
pattern of interactions, it switches back, redunamber of defections by one, and
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continues doing so as long as it brings about adtlas much gains out of the last 5
moves as was the case in the penultimate 5 enagsur@®m the other hand, if this
condition is not fulfilled and actor again getssliggofit from last 5 moves than from
penultimate 5, player again starts step-by-stapttoduce defections.

[53] Smoody: actor using this strategy defects after other player's cooperation in
previous round and even then only with 10% proligbil

[54] Feld: strategy chooses its pattern of behagiw@ry 20 moves. There are 5 basic
patterns: always cooperate; cooperate even aftectiten with probability of 25%; play
TFT; defect even after cooperation with a probabiif 25%; and always defect. Actor
plays TFT in the first 20 interactions and thendgaly moves towards always
defecting pattern. After reaching that patterstatys by that unless it brings about lower
gains than the next more cooperative pattern gasmoves when it was using 25%
probability to defect after opponent’s cooperatidfthat shift towards less defecting
pattern of choices ensures higher profits (but asthigh as that of even more
cooperative pattern, because in that case plaggs $iy present pattern of behavior),
then player gradually moves after every 20 movegatds always cooperating end.
Every change towards more cooperative pattern dfavier is accompanied by
assumption that opponent cooperated in the venyrtasd. After reaching always
cooperating end, player stays by that unless rtgsriabout lower profits than the last
case of less cooperative pattern of behavior. &h ¢hse it moves again towards always
defecting end, and employs similar conditions asmmoving from more defecting end
towards more cooperating one: it continues lowedagperation probability as far as
gains from the last case of interacting under gussible pattern is higher than those
under present one. If not the case and simultahebigher cooperation probability is
not promising (lower gains prospect), player stayshe pattern it now employs instead
of zipping back towards always cooperating end.

[55] Snodgrass: it first cooperates unconditionddly the 10 rounds, then it always
defects for the next 10 interactions, and thenrate cooperation and defection for the
following 10 encounters, plays TFT for another &fd finally chooses TF2T for the
fifth series of 10 rules. These five strategies aternated each for 10 rounds unless
some of them are deactivated in evaluation thatirscafter 18 round played according
to the last of the active strategies. Strategyesctivated if it gained less than 90% of
average gain per active strategy per 10 roundseifietst case that it was active. Strategy
is reactivated if its average 10-round gain acedkgases that it was active is bigger
than the current average of active strategies @eodnds.

[56] Duisman: actor using this strategy cooperatesvery odd interaction.

[57] Robertson: actor using this strategy start wooperation and repeats opponent’s
defection on the previous round if the number tériactions did not exceed 4 yet. After
the fourth round player starts counting both ovaraimber of other player’s defections
as well as number of consecutive defections sipgooent’s last cooperation. Player
counts also opponent’s consecutive cooperative mo&fer opponent’s cooperation,
player cooperates unless number of opponent’s tiefiscis greater than the defection
threshold (initially 20% of all interactions). Howear, even in that case it cooperates if
number of other player’s all defections is at l&&times lower than the number of its
consecutive cooperations multiplied by number otoemters. Furthermore, actor
defects after opponent’s cooperation also if thenlmer of interactions up to that round
is divisible by 12. This number is lowered by oneny sixth defection induced in this
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way. This process of defection initiation by waypwbbing divisibility of interaction’s
number is never tried again if the other playeedtf on the same round as in which the
first player initiated defection in that way. Filyalafter opponent’s defection in the
previous round, player cooperates (given numbartefactions is greater than 4) unless
overall number of opponent’s defections is gretitan the defection threshold or unless
player defected for at least three consecutiveast®ns. From 2 interaction further
on player decreases defection threshold to 10%.

[58] Rabbie: actor using this strategy cooperatethe first two moves and for the next
20 moves it defects unless index computed evergdasi greater than 2. This index is
computed from the second round further on, and ga@tses of 4, 3, 2, and 1 if player
made choices in two previous rounds in the follguwnanner, respectively: it defected
on both of these encounters; it defected on thelparate round only; defected on the
last one only; or didn't defected at all. From ttierd interaction player updates
probabilities of other player’'s cooperation aftepdssible combinations of the first
player’s decisions in the last two rounds as indeirean already stated way. From the
second interaction actor also considers whethesrqgtlayer made the same choice on
previous round or not. If the opponent consistentlyrors first player’s choices, from
239 encounter further on actor cooperates until thet fime when both players chose
for different option. After 22 encounter and with interacting players using déife
strategies, player decides according to one of6tlgfferent strategies. What strategy
player utilize depends upon expected gains thategty will provide given different
probabilities of opponent’s cooperative behavidela# possible combinations of the
first player's moves in the last 2 encounters, gnen different weights attached to
these probabilities within those 6 strategies. Thest generous strategy always
cooperates and the meanest one always defectsi@eanaking process of weighting
is slightly more favorable towards more defectitrgtegies.

[59] Hall: it cooperates on the first move, but the second one only if opponent
defected in the previous one. Thereafter it codperhoth after every odd cooperation
of the other player as well as after every oppdaarttd defection. Otherwise it defects.

[60] Friedland: it starts with cooperation and themputes probability of opponent’s

cooperation after first player's cooperation (Alpla defection (Beta). If the other

player is viewed as playing according to randorategly, actor defects forever. Player
is random if it did the same for three rounds asteonce, if it didn't pick the same

choice for more than 10 times, if it defected betwé&0 and 26 times (excluding) in the
first 36 interactions, and if it changed the chdiess than 26 times. If opponent is not
seen as a random player, actor chooses the bés¢ dbllowing three strategies given

Alpha and Beta: always cooperate; always defetdrradte cooperation and defection.

[61] Random: player randomly chooses between cadiparand defection.

[62] Hotz: actor using this strategy cooperatewpitobability of 0.1 in the first 100
interactions, with probability of 0.05 in the sedohundred, with that of 0.15 in the
third hundred, and always defects from 3@gove on.

[63] Win-stay-lose-shift: it starts with cooperatiolhereafter it defects only if the two
players opted for different alternatives in theywas round. Otherwise it cooperates.

[64] Suspicious tit-for-tat strategy: player stawgh defection and then repeats the
other player’s last move.
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[65] Generous tit-for-tat: player starts with coogg®n and then repeats the other
player's last move with a certain probability tongeously disregard defection and
cooperate further. Optimal generosity level equatietermines actual extent of
generosity. Optimal level is equal to the lowetha# following two values: (R - P)/(T -

P)and 2R -S-T)/(R - S)].

[66] Contrite tit-for-tat: while determining how tenove in a given round player

considers not only history of previous interactidng also standing of both players.
Player receives good standing whenever it cooperdmet also if it defects given its

previous round standing was good while opponet&isding was bad. Otherwise it gets
bad standing. Player using CTFT strategy starth witoperation and does so always
except in case when in the previous round it wagind standing while the other player
was in bad. In case of three possible standingstéot, provoked, contrite) instead of
only two (good, bad), one can formulate CTFT sgggateven without need to consider
other player’s standing.

[67] Remorse: while determining how to move in gegi round it considers not only
history of previous interactions but also the sitagdf both players. Player receives
good standing whenever it cooperates, but also defects given its previous round
standing was good while opponent’s standing was Gdlderwise it gets bad standing.
Player using Remorse strategy starts with coomeraind then does the same only if
both players cooperated in the previous round risfin bad standing. In case of three
possible standings (content, provoked, contritefeiad of only two (good, bad), one can
formulate Remorse strategy even without need tsiden other player’s standing.

[68] Walt: player employing this strategy makes a$dhe following two variables -
probability of interaction occurrence, and coopeeatess of the opponent (ratio of
mutually cooperative outcomes to all their intei@ats). First, if the probability of
interaction is greater than 2/3 and opponent’s ecatpveness is lower or equal to one
half, then WALT always defects (DEF) except aft@ponent’s cooperation given
randomly generated number from 0 to 1 is simultasBolower than the level of
cooperativeness. If this cooperativeness falls eetw0.51 and 0.76, actor plays TFT,
and if it is greater than or equal to 0.76, plagierays cooperates (COOP) except after
opponent’s defection given randomly generated nurfrioen O to 1 is simultaneously
greater than the mentioned cooperativeness legebrfl, if probability of interaction is
greater than 1/3 but lower than 2/3, then actongi8WVALT strategy plays DEF, TFT,
and COOP given level of cooperativeness correspgndd <26, 26-75, and >75
respectively. Finally, if the probability of intertéon is lower than 1/3, player always
cooperates (COOP) given cooperativeness reaching mhan 50%, always defects
(DEF) if it stays under 26%, and plays TFT undenaing circumstances.

[69] Balance: the greater is the power of opponig,less cooperative is this strategy.
To be more specific, player computes ratio of ommbis power to the average
capability level in the system, which normalized th® interval from O to 1 helps
determine the next step. If this ratio falls betw®e26 and 0.76, actor plays TFT. If it is
less than 0.26, player always cooperates except ajpponent’s defection given
randomly generated number from O to 1 is simultasBolower than the mentioned
ratio. If it is greater than or equal to 0.76, @aglways defects except after opponent’s
cooperation given randomly generated number froto Q is simultaneously greater
than the mentioned ratio.
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[70] Bandwagon: the greater is the power of oppgntie more cooperative is this

strategy. To be more specific, player compute® m@tiopponent’s power to the average
capability level in the system, which normalized tte interval from 0 to 1 helps

determine the next step. If this ratio falls betw®e26 and 0.76, actor plays TFT. If it is
less than 0.26, player always defects except affgyonent’'s cooperation given

randomly generated number from O to 1 is simultasBolower than the mentioned

ratio. If it is greater than or equal to 0.76, @aylways cooperates except after
opponent’s defection given randomly generated nurfrioen O to 1 is simultaneously

greater than the mentioned ratio.

[71] Weakling: while determining how to move in aven round player considers not
only history of previous interactions but also tsianding of both players. Player
receives good standing whenever it cooperatesalsatif it defects given its previous
round standing was good while opponent’'s standiag Wwad. Otherwise it gets bad
standing. Player using Weakling strategy starth witoperation and then does the same
only if it is in bad standing. In case of three sibke standings (content, provoked,
contrite) instead of only two (good, bad), one ¢ammulate Weakling strategy even
without need to consider other player’s standing.

[72] Grofman " actor using this strategy cooperates on the fimshd and thereafter
does the same unless they chose with the opporniéatedt moves in the previous
encounter and the randomly generated number fréorlQs greater than 2/ 7.

[73] Feld £ it starts with TFT strategy but gradually lowettse probability of
cooperation after opponent’s cooperation in theviptes round so that by the 200
interaction the probability is 0.5. After 2D@ncounter the probability stops decreasing.

[74] Joss 1. strategy from the Axelrod’'s first tournament. Actbegins with
cooperation and then repeats other player’s cotipenamove in the previous round with
the 90% probability. It always defects after oppufsedefection in the previous round.

[75] Davis: this strategy from the Axelrod’s fifsturnament cooperates in the first ten
interactions and then defects forever after opposiemgle defection.

[76] Shubik: actor using this strategy starts withoperation and then counts the
number of opponent’s unilateral defections. Afteery such a defection player defects
SO0 many times as is the number of opponent’s @mdhtdefections so far. Then it tries
to reestablish cooperation.

[77] Tullock: player using this strategy cooperaiteshe first 11 interactions and then
returns by 10% less cooperative moves than therapypalid on the previous 10 moves.

[78] All-defection: player always defects.
[79] All-cooperation: player always cooperates.

[80] Vienna: strategy was used in papers by Maxnvak and Karl Sigmund from the

University of Vienna. Actor is defined by randomnadaoination of four numbers each
from the interval (0,1) that determine the prokiabibf its cooperation after four

possible outcomes of the Prisoner’s Dilemma inghevious round, i.e. CC, CD, DC,

and DD. If included in the pool, this strategy ssigned to all remaining players after
other selected rules have been allocated exactiy.on
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