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ABSTRACT

A "world model" is constructed where precedent-searching isone of the primary
driving mechanisms. The simulation assumes that nations in the system are utility
maximizers but that they have relatively primitive decision mechanisms and that
they are strongly influenced by their previous short-term sucressful behavior and
the short-term success of other states in the system. This modei of foreign policy
decision-making has been heavily influenced by recent artificial intelligence studies
and simulations.

States in the simulation are assumed to be able to follow one of three distinct
strategies to maximize growth: imperialism, militarism or trade. In each of these
modes, a state can either increase or decrease its level of behavior, or it can switch
modes. Decisions to switch are based on evaluating the success of the policy in
increasing simulated GNP in comparison to earlier projections of how much GNP
would increase. If a policy is cleariy not working, a nation implements the reverse of
that policy: if the policy is not producing major improvements, it randomly
cZperiments or looks at the success of other nations in the system and follows
whatever hasworked for them; if a policy is clearly successful, it is continued.

The objective of the simulation is to get away from the purely mechanistic
difference equation formulations of world models which have characterized most of
the work in this field, while avoiding overly rational and optimizing models which
have been characteristic of some other work. Precedent-based decision-making is
plausible for a system was is goal-seeking, sentient with respect to its environment
but still, due 1o bureaucratic constraints, capable of only fairly simple behaviors. It
was incorporates the fact that the international system goes through various regimes
which dominate the type of behavior used by the major states in the system.

The simulation is run using a system vaguely characteristic of the 19th ceatury
world system, with five Jarge, five medium and ten small nations. The resulting
behavior is generally plausible, with bounded and fairly diverse activity depending
on the random experimentation involved. Because of the weak bounded rationality,
the system does not lock on o a single pattern of behavior based an initial conditions
and so, for example, situations exist where medium powers eventually heceme
stronger than the initial major powers. The most common pattern isone of a
combination of trade links and imperialism, with about half the minor power being
colonized and some exchange of colonjes occurring through conflict.
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i. Introduction

World models have proliferated since their initial development ax human-machine
models in the 1950's by Harold Guetzkow (see, e g. Guetzkow and Valadez.1951) and their
pupularization in the 1970's as all-machine models through the efforts of the Club of Rome
(see, €.8. Meadows, Richardson and Bruckmann,1952; Deutsch eza/ 1977), the International
Institute for Applied Systems Analysis (see Hickman. 1983) and others. A recent survey
(Siegmann.1985) lists 27 different major modeling efforts worldwide. For a survey of the
current "state of the art” in global modeling. see Ward (1985) and Hughes (1985).

The dominanttendency in all-machine models has been to focus on systems of
difference equations. This is convenient since these equations are easily simulated with a
digital computer: it is consistent with the engineering ancestry of most of the all-machine
simulations (as well as with the related Richardson modeling tradition in international
relations); and it allows the systems to be fairly easily estimated using conventiopal
statistical techniques. The difference equation approach to global modelitig is certainly a
good first approximation, and judging from the proliferation of such models. it has a fair
amount of heuristic utility as well.

The disadvantage of the difference equation approach, however, isthat it i gnores most
of the cognitive characteristics of human foreign policy decision making. [psv facto. it
would appear that human beings are Lo some extent goal seeking, that they respond t¢
observed activities in their environment in qualitative as well as quantitative ways, and
that they have memory which can be utilized for learning. The difference equation
approach is also somewhat unsatisfactory because the resulting models tend to exhibit
either too much regularity -- producing a world which is unrealistically consistentand
reflects only the extrapolation of existing trends - or alternatively the models yield
catastrophic bebavior where the model blithely sidles up to the edge of an abyss without
taking ameliorative action. andthen just as blithely hops into the abyss.

The maost common solution ta the lack of cognition in these models is to use the
so-called "rational choice” approach, which substitutes for deterministic mechanisms of
the difference equation an expecied utility optimizing mechanism borrowed from
economics Rational choice models in international relatiors have been popularized by
Brito and Intriligator (1973.1974.1982; Intriligator and Brito. 1984}, Bueno de Mesguita
(19511 and the dynamic optimization work of Gillespie and Zinnes (197516771978
Unforwnately, these models have usuallv been applied onlv in the two-nation case -- in
large part because of the complex specifications and mathematical manipuiations required
l use the models -- and as a consequence they have had little directap plication 1n the
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global modeling literature. An additional problem with the work -- particufarly in the
dynamic optimization models of Gillespie #za/ -- is thal an excessive degree of rationality is
called for, particularly when one considers that decisions being modeled are in the real
world implemented by complex bureaucracies which tead to favor simple solutions (o
problems and do not appear to use a great deal of foresight.

1.1. Pattern Matching and Learning

As 1 have argued extensively elsewhere (Schrodt, 1984a.b; Schrodt, 1985a), an
alternative to difference equation and rational optimization in modeling international
systems 1s to emphasize the key role of precedent-seeking in organizational decision-

making. When precedent-seeking iis combined with some simple performance criteria, it
can also provide for simple learning-by-example by the system. With modern computer
programming techniques, these characteristics of cognitive behavior can easily be
incorporated into 2 global simulation.

A precedent-based approach starts from the obvious fact that decision-making
individuals and organizations have an base of past experiences. When trying to nredict the
consequences of a particular option, that data base is searched for past experiences which
match the existing situation as closely as possible according to some pattern-matching
crite "ion. Those past experiences are ithen used to determine the current action: one looks
al the previous cases to predici in a heuristic fashior: what the likely consequences of
various possible responses to an event will be. The response which produces the best
predicted outcome is the one implemented.

In general, the pattern matching approach seeks to match events with past events
which are in some sense similar. This approach as been variousiy termed "analogy" or
"precedent”. The use of analogy with historical sequences in the context of fereign policy
analysis is discussed by Mefford (1984), formalizing the notions of "focused comparison”
developed by George (1979). Precedent-based approaches are used in Mefford (1954).
Anderson (19%1), Bonham and Shapiro(1976), Tanaka (195¢), Alker and Christensen (1972,
and Alker and Greenberg(1973). Other information-intensive approaches which utilize
heuristics in addition to precedent are found in Bennett (1984), [sard and Lewis (19841
Majeski (1985) and Sylvan and Majeski (1983), and more generally the "computational
modeling” or "artificial intelligence” approach 1o modeling international events. The
potenual importance of this 1n political reasoning is 2lse discussed in Simon (1985).

The argument for the analogical approach can be made from several standpoints. As
Me{ford (1984) illustrates with respect to the Soviet invasion of Czechoslovakia and oth« r
examples, the incidence of analogy isvery high in published justifications for policy
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actions. and in reporied policy discussions. While analogy is rarely used as an empirical
technique. it clearly is a common mode of reasoning ia policy formulation -- for exampie,
the analogical terms "Munich”, "Vietaam", "Pear] Harbor” and so ferth are some of the most
powerful consiructs in the foreign policy lexicon of the United States. The use of these
analogies may appear in hindsight to be inappropriate or inconsistent but they are used .
Studies of individual decision-making and artificial intelligence research have also
emphasized the role of analogy Herbert Stmon (1979: Newell and Simon.1972) is ane of the
most visible proponents of this view; Carbonell (1953) and Winston (1979) also discuss the
approach in detail. One also observesthat in the teaching of international relations and
foreign policy, virtually all instructors spend a large amount of time building an historical
background upen which to analyze events by use of precedent. Even a bebhavioralist IR
text such as Russell and Starr (1984) contains far more history than, for example,
Samuelson’'s Economics. The in'troductory chapters of Morgenthau's Politics Among

Nations contain on average four historical examples per page.

Th= use of pattern-matching in the policy model is consistent with the fact that the
human brain is considerably more efficient at the storage and recall of information than
at the logical manipulation of information. As Simon (1985) has pointed out, extensive
experimentation in the cognitive sciences has shown that the human brain is extraordi-
narily good at recall -- a process which seems to operate in parallel on billions of items of
information -- but is constrained in logical processing to a slow, serial process operating
on a limited (around six items) short-term memory cache. Fer example. most evidence
indicates that chess 2xperts use large amounts of patlern recognition as shortcuts to
problem solving, and their performance sio'vs considerably when they actually have w
problem-solve. Mathematicians work the same way, and most research in expert systems
confirms the requirement for 2 large base of ‘experience’ through which the system can
find a solution.

In other words, thinking is often recall masquerading as reasoning. This emphasis
on the empirically demonstrated limitation of the logical reasening capabilities of the
brain leads to the general approach of "bounded rationality” as a modeling technique.
which is more cognitively complex than differeace equations, makes fewer demands on
assumptions about human reasoning than rational choice. and is mathematically aid
conceptually more complex than either.

Just as humans tend to employ recell asatechnique. an organization mav depenc
fargely on precedent and standard operating procedure when dealing with dav-to-day
problems, and a mature crganization may develop sufficient experience that analytical
problem solving is virtvally eliminated until such time as an unprecedented crisis occurs
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If this is in fact the typical pattern of organizational behavior. then any attempt at the
construction of a political reasoning model solely out of logical principles will at best only
partially approximate actual behavior. The question for Aomo politicus 1s not only “what
do I want?" but also "what is attainable and how?" -- politics as the ari of the possible. The
single strongest argument for showing that something is attainable is te show that it is has
been attained in the past. and to use the method by which it was attained by as a guide.
That in turn means that behavior will be driven by historical information at feast as much
as by logic or rules.

Asan organization gains experience -- that is, accumulates historical information --
its behavior might be expected to change without any change in the policy. theory or
preferences. In a word, organizations can fearn. For example, the USA committed large
numbers of Marines to Letanon in 1957 and 1982 with the objective of stabilizing the
country. but the unpleasant experiences suffered by the Marines in 19583 makes future
deployments less likely. This change is due to a modification of the experience of the
organizalion rather than a modification of objective. In this fashion the model provides a
mechanism whereby changing the faformation base or Aisiory of the
decision-maker rather than changing the rules of decision-making could alter behavior.
Thisisin line with Simon's (1982:63) approach of modeling cognitive behavior as a set of
simple #ales operating in a complex environment, rather than complex rules operating in
a simple environment.

Ironically. as Simon (1985) cogently pointed out to the political science discipline. the
research in the cognitive sciences has been largely ignored by the decision-oriented
social sciences, despite what would szem to be rather obvious connections between the two.
Milton Friedman's infamous (1953) argument notwithstanding, it takes an extraordinary
leap of blind faith -- yea. a demonstration of willful ignorance in the face of falsifying
evidence usually confined to the study of economics -- to base dynamic models on
mechanisms which virtually all of our empirical evidence indicates could not possibly be
occurring. Yetthe dominant mechanisms in most dynamic work are either blind,
memory-{ree aifference equations or analytically complex dynamic opiimization routines.
Much simpler approaches which utilize characteristics such as lagged feedback. learning
pattern recogniuon which are clearly part of the cognitive reperioire of every normal
member of the human species have not had a major impact  The mode! proposed in this
paper will demonstrate in a simple fashion how some of these things might be done.
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2. The Model

The model discussed in this paper is a simple implementation -- a test-bed in a sense --
of a world model which wauuld incorporate some simple cognitive components. The model
itself 1s relauvely small -- about 800 lines of Pascal code -- and does not have the sectoral or
actor complexity of a SARUM or GLOBUS. However, the actors in the model are more
cognitively complex than those in many existing models. In particular. the actors:

es Choose among a discrete set of behaviors (policies) which differ gualitauvely and
focus onlyv a single mode of behavior at a time

ee Compare their current performance with earlier expectations about that
performance, and if the policy is causing a deterioration in performance, it is
changed.

N

®o "Observe” the success and faifure of policies pursued by other actors in the system
and use successful policies as a model for their own hehavior.

Assuch. the model incorporates in at least a primitive fashion the notions of bounded
optimization and feedback, precedent-seeking and learning discussed above. In avery
distant way. the model is related to the model of Zinnes, Van Houwelling and Van Atta
(1959), which incorporated qualitative behavior shifts in a balance of power framework
and used a complex recursive forecasting capability to decide optimal policies. The Zinnes.
Van Houwelling and Van Atta mode! did not use precedent-seeking. was in a strictly
balance of power framework without an economic or imperialist component and also -- to
my knowledge -- was never successfully implemented. The use of comparison with other
nations is also found in Bremer's (1977) SIPER model. itself based on Guetzkow's earlier INS
work; SIPER is also interesting in that the decision component makes heavy use of a rule
base. SIPER appears to be more heavily driven by its difference equations that this modet,
however, and employs “smarter” and faster decision-making algorithms.

The underlying assumption in this model is that of bounded rationality: a world which
1s "muddied through” by organizations which try various discrete policies and change
those policies very slowly. As noted earlier, this is quite consistent with most studies of
bureaucratic decision-making and is, in a highly simplified fashion, 1n the organizationa!
behavior tracition of Simoxn. The "learning” involved in this model is doubtiessly toe
simple, as it does not use more advanced machine iearning technivues (see e.g. Schrod:
19862.1956b } and does not incorporate a history beyond the start of the stmulation . so tna:
information about the utility of various policies is learned only slowly and through
empirical experimentation. Precedent searching is done only over the immediate past
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rather than the distant past. Nonetheless. this is not totally uplike the real world.
particularly in a situation where the structure of the system hasundergone major change
and the actors are not fully familiar with how the new system will operate.

The model proposed here seeks to model the development of the world system in the
pre-nuclear age. Vaguely. the period under consideration would be about 1700-1901.
though since this work is purely exploratory no attempl has been made to empirically
estimate the key characteristics of the system

2.1. National Characteristics
The model uses a simpie three-sector model of the economy:

Milex: Military expenditures
Trade: Foreign trade and profits from colonies
GDP: everything other than the above

The national performance is measured by a single variable called GNP which is defined as:

GNP =GDP + Milex + Trade
GDP is assumed to have linear growth (ie. ceterss paribus is exponential) and provides the
primary mechanism for growth which funds other activities.

GDP(t+1) = a * GDP(t)
Trade can also contribute to the growth in GNP: military adventures subtract from it.

In the model}, Milex is always adjusted as a percentage of GNP, rather than in fized
amounts. Thus growth in either GDP or trade can increase the amount of military power
available. When comparisons of military power are made. they are done in terms of
absolutes.

2.2. Modes of Behavior
The model postulates seven different modes of behavior, which roughly correspond 1o
the types of policies which a nation could undertake. The policies and their abbreviations

are:
Neutra! Stav the course: make no NED
change in existing policy
Economic
Libera!l Increase amount ol trade LIEB
Autarkic Decrease amount of trade AUT
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Military
Bellicist Starta war or increase military BEL
expenditures
Pacifist Reduce military expenditures PAC
Imperialist
Imperialist Acquire a cclony if possibie IMP
Decalonize Get rid of & colony DEC

The details of the effects of these policies are grven beiow

Neutral
This has no effect: all parameters ie.¢. colonies, Milex. trading partners) remain fixed.

This is the most common policy and nations revert to it when policies fail to be successful.

Liberal
In the Liberal mode. the nation seeks to find another trading partner. In the model
“trade” invelves a fairly major benefit. and in a sense is taken to be a serious committment
to trade (e.g. along the lines of policies undertaken by nations such as Switzeriand and
Japan). Trade is made with another nation in the liberal or neutral mode and is done in
fixed "chunks” ie.g. 2%). Trade is established with the nation ciosest in GNP. and it is
possible to have more than one "chunk” of trade with a given nation. A nation may trade
to a maximum of Max_Trade chunks of GNP. .
The actual amount of trade between two nations in a given year is equal to the small of
the chunks -- in other words, there are no trade imbalances (unlike the real world..).
The model assumes a comparative advantage to trade, so the effect of trade on change GNP
is some multiple Trade_WMult (e.g. 1.02) of the amount of trade.

Autarkic

The autarkic model breaks off trading relations. Trade with the poorest nation on the
current trading list isdropped.

Because of the no-risk benefit of trade, this may appear to be a strategy which ic
always disadvantageous. This is not the case since a rapidly growing nation may have
reached the maximum level of trade and still have links with poor nations which were
established earlier These are advantageous to break off. then nev links can be establishe
with wealthier nations.

10
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Bellicist

Bellicist nations do two things. First, they look for a nation to attack. The criterion is
to choose the nation which has the largest number of colonies and which is smaller than
oneself. Asasimplification, wars last only a single year, though one can engage in the
same war in multiple years. Consistent with observed human behavior in the absence of
alliances, once a nation is engaged in a war it does not become involved in another in that
year. This absence of alliance activity is, of course, a major simplification of the model and
strongly differentiates it from realist- based models such as Leavitt (1971) and Zinnes, Van
Atta and Van Houwelling (1969).

Wars can end either as draws or as victories. The outcome is based on a probability

(Max_Mil - Min_Mil)

Probdb(Victory) -
(Max Mil + Min_Rijl)

where Max il is the military expenditures (i.e. GNP*Milex) of the more powerful
nation and Min_Mil is the military expenditures of the weaker nation. This probability is
zero when the two nations are equal 2nd goesto one when Max Bil »> Min_ Mil. If there
isa victory, the stronger nation always wins, another a simplification.

Whether a war ends in a victory or adraw, it costs (i.e. decreases GNP) both natioas
involved as a proportion of their military expenditures. This proportion is

War_Cost * (Min_Mil / Max_ Mil)
which is maximized when Max Mil - Min_Mil. War_Cost is a proportionality constant
which issetto 1.0 in the initial experiments. |

A Draw results only in the decrease of GNP and the Mode of both nation is set to
Neutralon the iogic that after a war both nations will be engaged in rebuilding for a time.

A Victory by the stronger nation involves a transfer of all of the colonies from the
defeated nation to the victor, a decrease in the Milex of the defeated nation, and a transfer
of War_Spoils percent of the defeated nations GNP to the victor. The mode of th: defeated
nation is changed to Neutral; the made of the victor does not change.

If a bellicist nation cannot start a war, it increases the amount of GNP devoted to
military expenditures by a fixed amount in order to raise the military expendituresto a
point where an attack is possible. Obviously only a single nation (the weakest) will nat be
able to attack anyone, so this feature is unlikely to have much effect on the simulation.

If a bellicist nation is a colony, it revolts: it attacks the colonizer. Because colonjes are
substantially weaker than the colonizers. they never win the revolt, hut the War_Cost of

11
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the attack costs the colonizer and reduces the wealth of the colony so that it is more likely
to be let go. War_Spoils are not distributed in revolts.

Note that the bellicist policy in this simulation is fairly expensive (a characteristic
which it shares with the real world...) and will pay off only through the elimination of
rivals, the acquisition of colonies, and attacking nations which are substantially weaker

Pacifist
The pacifist mode decreases Milex by a fixed amount. which in turn will increase the
amount of economic growth. Milex cannot be decreased below a leve! Min_Milex.

Imperialist

A nation in the imperialist mode seeks to acquire colonies. To acquire a colony, the
nation seeks out the weakest nation in the system, and the GNP of that nation must be below
a certain percentage of the GNP of the imperialist (e.g. 25% ). Imperialism succeeds if the
imperialist has a victory in a war with the potential colony: all of the effects of wa-
discussed above hold for colony acquisition.

The effects of acquiring a colony are the following:

Colonizer: 1. Increase Milex by fized amount to account for cost of
maintaining coatrol of the colony
2. Colonizer subsequently gets fixed % of GDP of colony.
3. GDP decreases by the cost of war for acquisitiva

Colony: ' 1. Fixed % of GDP is lost to colonizer each year
2. Intrinsic growth rate is increased.
3. GDP decreases by the cost of war for acquisition

Decolonize

In this mode, the nation gets rid of its weakest (lowesi GNP colony. and adjusts Milex
accordingly. While in general it is advantageous to hold onto colonies, getting rid of them
kas several advantages. First, the cecreasc in Milex increases economic growth. Second.
getting rid of colonies reduces the likelihood that one will be attacked by a bellicist nation,
since the targets of bellicist nations are chosen on the basis of colony holdings. Finally.
getting rid of a colony eliminates the cost of dealing with revolts.
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2.3. Optimization Rule

Optimization in the simulation is essentially rule-based and involves first choosing
the mode of behavior, then making some fairly simple choices in the implementation of
that mode.

The key variable in deciding whether to change policies is to figure out whether the
nation is doing as well in terms of GNP growth as it had projected. This is measured bya
variable called Performance, which is the ratio of the current GNP to the GNP level
projected two years before. The projections assume that everything in the Sysiem remains
fixed: it just iterates the system forward two years with no policy changes or other
activities.

If Ferformance is worse than a level Bad_Policy then the nation either reverses the
policy it followed when the projection was made or, if that policy was Neutral (i.e. the
policy itself wasn't doing anything, so by inference something elsewhere in the system
must have changed). the nation adoptsthe policy of the naticn with the highest
performance curreatly in the system. In this way a nation which is doing poorly can see
what nations which are doing well are doing, and try to follow that exampi:.

This is the precedent-based characteristic of the model. which essentially assumes
"copy-cat” behavior. If a nation is currently in Neutral, and sees diminishing
performance, then it looks to see what other nations in the system are doing successfully.
It adopts as policy the Mode of the nation with the best observed performance at the
moment. In other words. short-term precedent-seeking allow the nation to have access to
the results of the experimentation of all of the nations in the system.

This is a somewhat different precedent-searching mechanism that the models
discussed earlier, since it relies on current behavior of other nations in the system rather
than past behavior of the nation engaged in the policy. It is used for two reasons. First
and most obviously, it does not require as much storage asa full historically-based
precedent system. Second, it reduces the chance that the system will find an inappropriate
precedent by confining the search to the recent past, when the system was in more or less
the same configuration.

If the performance level is better than Bad_Policy but less than OK_Policy, and the
a non-Neutral policy has been followed for more than one year, policy is shifted to Neutra!
This is designed to fix the parameters at whatever they are at the moment.

If the performance is better than OF_Policy. then the nation continues with whatever
policy it was foliowing. Thus. for example, if it was decolonizing. it will drop another
colony: if it was bellicist. it will start another war and so forth .

13
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2.3.1. Experimentsation

The other cause of policy change is experimentation -- the random selection of 2
policy when one is in the Neutral mode. This is dane with a fixed probability whenever the
nation is in the Neutral mode and. in the experiments | have done. accounts for a lot of the
change in the system.

Experimentation has two roles. From a modeling standpoint, it is a realistic addition to
the model which reflects stochastic shifts in governmental decision-making. For example,
a nation may decide to decolonize because of an assortment of reasons that are not directly
related to the success or failure of that colonial policy. The use of random experimentation
serves as a surrogate for vastly more complex internal changes in governmentand public
opinion which cause policies 1o change even when the external environment has not
significantly changed. From the Standpoint of the running of the simulation. the
experimentation provides the input which allows the system to show diverse behavior and
to learn. The rule that mediocre performance moves a nation to a Neutral policy should
keep tne behavior bounded, but adding in addition stochastic experimentation should aliow
it to learn.

2.3.2. Limited Rationality
Avery important thing to keep in mind about this system is that it employs limited

rationality. Itisa dumb System. and itis very deliberately dumb : it has been designed

to be dumb and slow because foreign policy bureaucracies are, arguably, dumb and slow.
Asitturas out .it is because of this that the simulation models plausible behaviors fairly
well. It is, in facl. sometimes a frustrating system to watch, since, for example, a weak
colonial power will be sitting around for a while waiting to be picked off, and the system
will be agonizingly slow in getting aroundto it. Thisisa verv different type of behavior
than most simulations that I am aware of. which usually operate much more quickly and
are far more likely to exhibit optimal behavior. All-machine simulations do this through
mathematical optimization techniques which are often exwremely clever and
information-intensive techniques: human decision-makers in human-machine
simulations often shift policies more quickly and with fewer constraints than real-world
bureaucracies.

14
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3. RESULTS
3.1. Parameter Settings
The system was tested with the parameter values set as shown in the Appendix. The

basic system studied was initialized with twenty independent nations of three general types

Large
Approx GNP 120
Milex 6%
AGDP %
Medium
GNP 40
Milex 3%
AGDP 2%
Small
GNP 10
Milex 2%
AGDP 4%

The system contains five large. five medium. and ten small nations. Colonial and trade
linkages were initially set at zero.

The values of the remaining parameters are given in the Appendix. These provide for
a simulated world where large powers benefit primarily from imperialism and irade. War
is a fairly costly proposition, costing ali of yearly military expenditure when fou ght
between equals. Colonial exploitation is ruthless and extracts a sizeable percentage (10%)
of the GNP of the colonized nation, so the colony suffers limited growth as a conSequence.
The comparative advantage of trade gives 2% advantage to trading over internal growth. so
there is a positive incentive to trade. Large and medium powers have relatively slow
economic growth, and the large powers spend a great deal on the military. The small
nations have much higher growth but start out with only a fraction of the wealth of the
large powers.

As with all simulations, these parameter values are, of course, some-hat arbitrary.and
in the little experimenting I did, the system does not appear highly sensitive to the
parameters, though sume changes occur.  In termsof timing. the relation of simulation
time to “real” time is probably something I' "¢ three or four to one: in other words. in five
simulation years, one sees a level of activity which might be appropriate for twenty years.
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3.2. Overall Behavior

The simulation was run a large number of times and the behavior observed. Two of
these runs are summarized at the end of the paper 10 a script which reports the actions
taken in each year, and a statistical summary which shows the state of the system at five
year intervals. One run. labeled the Trade Exhibit. has a great deal of trade activity and is
somewhat atypical: this run shows some interesting colonial activity as well. The other
run. labeled the Imperialism Exhibit. is more typical of the behavior except for the relative
absence of war in the latter half of the run.

The first and most fundamental observation about the behavior of the system is that it
works: the exhibited behaviors are stable (in the sense that the system is self-correcting).
there is quite a variety of plausible activity and interaction. and the system does not
immediately degenerate into a predictable pattern based on the initi2! conditions(e.g. a
single powerful nation). This. in turn. is a problem for describing the system: it can in
fact exhibit a number of different behaviors. The comments in this section will therefore
try to give a general indication of how the system seems to be operating in addition to
dealing with the two runs which are presented.

One of the most interesting characteristics of the system is the variety of different
types of behavior individual nations can exhibit, While, as one would expect. large nations
tend to remain large and small nations tend to get colonized. counter-examples occur.
Frequently one or more of the minor nations will end up larger than the middle or major
nations, and in one run a minor nation managed to grow sufficiently large to colonize 2
major nation that had been on the losing end of several wars. 11 all cases a great deal of
shuffling in size occurs between the beginning and end of the simulation. and one can see
the rise and fall of empires and trading systems in Some runs.

3.1. Experimentation .vs. Precedent-Seeking

Asisapparent from the text listings, the most frequent factor in changing behavior is
experimentation rather than precedent seeking. though precedent-seeking is used on
some occasions. However. the sheer frequency is somewhat deceptive for a couple of
reasons. First, quite a bit of inappropriate experimentation is done, such as the use of the
DeCol strategy by nations without colonies. the Autarky strategy by nations net engaged in
trade, and the Imper strategy by nations too small to find anyone to colonize. These
innovations are unsuccessful and the nation reverts to Neutral status. Obviously a couple
of lines of code could eliminate such experiments.

Overall the precedent-seeking which does occur seems to have more impact on the
system than the random experimentation. The two policies which diffuse are the Imper
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and Liberal strategies. and when the system is particularly ripe for imperialism (such as
when several minor nations have obtained sufficient wealth that they are attractive
targets and via their experimentation with the Pac strategy have reduced their Milex), it
will diffuse through the system znd there will be a fairly quick (ten year) transition from
a state of onc or two colonies to ten or more.

Asthe scripts make clear. one of the most frequent policies adopted is Neutral. There
is a simple, and not wholly credibie, reason for this. The most frequent cause for an
increase in performance -- which is the ratio of observed o expected GNP -- is through
gaining a trading partner, which can only be done if one is in the Neutral or Liberal mode.
Ergo. even though the reasca for the good performance is trade -- which would imply
adopting a Liberal policy -- the actual policy which led to that trade may be Neutral. I
haven't decided whether this should be considered a bug or a feature.

The limits for setting policy -- Bad_Policy and 0K_Policy -- were probably set too wide
to evoke a lot of precedent- seeking -- the performance measures are almost always within
a couple percentage points of 1.0 and the policy change points were set at about five points
outside 1.0. Narrowing the range of these parameters would increase the use of
precedent-seeking and policy reversal.

3.3. Imperialism

With the settings of the system parameters used in the simulation runs, the system
almost invariably ends up with some colonialism, though these can take a variety of forms.
The typical run endsup with three or four nations acquiring colonies. The colonial
systems established at the end of the simulation usually were accumulated through a
combination of direct imperialism and winning wars against other colonial powers, a
feature having much in common with the European system.

Because possession of colonies attracts attackers. it is difficult for a middle power to
hold onto colonies. In the typical run, middle powers acquire colonies early on. but those
colonies are then taken by a larger nation. Exceptions to this occur when the middle
power hasalso acquired sufficient trade links to build up adequate GNP to resist attacks by
larger powers. or is just plain lucky and is not successfully attacked.

Because the level of exploitation of the colony by the imperial power is set fairly high
(10% of GNP per year), a nation which is colonized early in the simulation will experienced
a declining GNP the remainder of the time. The situation of Fallia in the Imperialism
Exhibit (where imperialism occurs fairly late in the simulation), or of Asgard. Damogran.
Sol IIT and Al Centu in the Trade Exhibit are typical of this pattern. This meansthat in the

long run. the colonies are of little use to the imperial power, and in fact probably only
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serve to attract attackers. Thus, for example, Al Centu manages to go through f our owners
(Jaglan B, Altair, Sirius and Dentrass) in twenty years while its GNP of aroundiébntributes
virtually nothing to its owners. Assuch, Al Centu acts as the Lebanon of PWORLD.

The acquisition of Al Centu by Jagian B illustrates one other fairly common
phenemenon. which is small powers picking ©p colonies discarded by larger powers. Al
Centu was originally colonized by Dentrass. its GNP was driven to low levels. then dropped
by Dentrass and briefly picked up asa coluny by Jaglan B. This type of excharge accurs
fairly often late in the sirulation. Because colonizers have to be substantially larger than
colonies (4 times in this case). about the only way a small power can be imperialist is to
take over a colony previously bankrupted by another colonizer.

Decolonization occurs entirely by experiment and seems to be a fairly innusuous to
positive strategy. Since colonization usually reduces the GNP of colonies to a fairly
worthless level anyway (ualess those colonies have strong trade links). discarding them
results in little economic loss and reduces both Milex and the possibility that one will be
the target of a bellicist nation. Since decolonization is a strategy which is only meaningful
for nations which have colonigs in the first place, and at any given time usually only a
small fraction of the nations in the system have colonies. decolonization is unlikely to
diffuse as a strategy in the system, but does provide some additional flexibility in the
behavior patlern exhibited.

3.4. Trade

The Trade Exhibit shows a system which is dominated by trade links, though it also has
some imperialism. Because trade is doue with nations closest in size, one frequently finds
some sets of 2 10 4 nations which are strongly engaged in mutwal trade, exchanging
multiple chunks of trade with the same partner. Thus, in the Trade Exhibit. Algol, Fallia
and Jaglan B are engaging in mutual trade. as are Arcturus and Dentrass, and Viltvod! and
Eadrax.

Trade is clearly the "power strategy” in this simulation, since it increases the rate of
growth. The strong interlinkage between Viltvodl and Eadrax illustrates this -- the two
nations far surpass the others in growth due to their maximal (20% ) trade linkages. This
stra ey also is pursued by the smaller nations -- for example it is not uncemmon to see
strong linkages between Sol II1, Bethsela and Al Centu (when they avoid being colonized. )
t.ice they are at the bottom of the list in wealth. Once those lin Kages are established, those
nations grow together and at times become quite large.

In some early experiments, | raised the Trade_Mult parameter to 4% and this resulted
1n much stronger tendencies to establish trade links that the example given here At the

18



Schrodt Page 16

4% trade level, many nations quickly established strong trading relationships. up tothe
maximum amount Max Trade. In fact, one fairly common patterp. is the establishment of a
system which is primarily driven by trade with relatively litile conflict. This is more
likely to occur when a number of nations experiment with the Pacifist strategy early in
the simulation: this has the effect of increasing growth to give good performance. and
decreases the military strength so that if a major nation does experiment with imperialism
or war, it draws or loses. Ironically, a loss in a non-imperialist war may augment a trading
strategy, as it halves Milex. Since trading nations have, in the long run, high amounts of
growth, they eventually become too large to be successfully asiacked.

3.4. Uar

As noted earlier, the system was designed to make war a risky propositios, and as a
consequence one did not, for the most part. find nations engaging in a lot of war. Asthe
summaries indicaie, the median number of wars is around 3, and since each war is counted
twice (once for the initiator and once for the defender), this means a median of 1.5 wars
initiated.

The primary function of war seems to be as a disincentive of colonialism, particularly
by smaller powers. Since a bellicist nation decides who to attack based on which nation
smaller thaw it has the largest number of colenies, 2 middle power acquiring cclonies
becomes a lightening rod for attacks by larger aations. The typical sitvation for a middle
power acquiring colonies early in the simulation is to lose them in a war. A counter-
example is found in the Imperialism Exhibit, where the middle power Eadrax acquires
colonies and then since no major powers subsequently experiment with the Bellicist mode,
it keepsthose colonies. The more typical pattern is the acquisition and then fossthrough
war of colonies by Altair, Jaglan B and Sirius in the Trade Exhibit.

Since a successful war results in a transfer of GNP from the defeated to the victor, it
resulls in a temporary increase in the Perform index and hence is a policy likely to be
imitated. However, because wars only result in an increase when won, and draws (whick
cost) are quite likely against nations roughly the same size, war (unlike imperialism) does
not work well as a general strategy.

An example of the effects of high war involvement is Altair in the Trade Exhibit,
which experienced an unusually high total of 17 wars in the fifty-vear period. Altair
acquires two colonies early (by year 15), which subsequently makes it a prime target for
attacks. Thus Altair isattacked by Megratha, which is only slightly larger than Altair in
size. in years 23, 24,27, and 28 but Megratha draws each time (meanwhile Megratha,
initially a major power, has become comparable in size to Altair through the lack of any
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trade and all these wars...). Altair continues to survive attacks. fends off a revolt by
Damogrzn. attacks and defeats the slightly smaller Jaglan B on the second try at a war.
acquiring a third colony in the process and finally succumbs in a war with Sirius, by now

almost ien times larger. The upshot of all of this activity, however leaves Altair, originally
a middle power. at about half the GNP le vel of the uncolonized minor powers.

The opposite strategy of war. Pacifism (reduction of Milex) is used a lot experimentally
and can be used quite successfuily. So, for examp'e, the largest nation in the Trade Exhibit
by vear i is Viltvodl, which had reduced Milex to the minimal 6.01 level by year 10, and in
the Imperialism Extibit Viltvodl (name is coincidental) has the second largest GNP with a
Milex of 0.018. The strategy used by both Viltvod!'s is to combine high trade and low
Milex so that the sheer size of the GNP produces a total military expenditure large enough
to deter attacks.

4. Discussion and Conclusion

The discussion above gives a general flavor far the type of behavior exhibited in the
simulation. In general. the patterns generated are highly varied but at the same time
plausible, and the behavior of the system remains bounded.

So, what good is this? While I would hardly expect this to replace GLOBUS or SARUM(it
also cost somewhat less...), it might have some utility. First, it :hows thata system
primarily driven by gualitative policy change can exhibit plausible and bounded
international behavior. Given the increasing interest in qualitative and rule-based
models. and more generally a movement in the formal modeling community away from
simplistic attempts to fit international relations inte the Procrustean bed of classical
mathematics, this type of effort might find some use. Secound, to the extent that the
precedent-based policy mmaking as opposed to eXperimentation was utilized. the model
indicates that this can be incorporated as a dynamic mechanism. In particular. it is my
opinion that the bounded rativnality incorporated into this model provides more plausible
and interesting patterns than the mathematically optimizing routines found in some
carlier work.

Finally. the model is perhaps useful as a scenario generator. showing how a system
mightevolve from a given set of initial conditions based on random policy experimen-
tation More generally. what the model provides, through multiple simulation runs. is an

envelope of possibilities of system evolution from a given initia! value and set of
parameters. rather than making a singie point predictior. in other words while the mode!
produces a variety of behaviors. it does not produce infinitelv varied behaviors. For
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example, some imperialism is found in virtually all of the runs, but unlike some optimizing
simulations which incorporate imperialism, one never gets the "Roman empire” Scenario,
where a single nation comes to dominate the entire system. Thus under the initial
conditions I've worked with, limited imperialism is inside the envelope of possibilities: total
imperialism 1S outside of it.

This envelope of possibilities approach in turn relates somewhat to issues in the
mathematical theory of chaos, which can be used to describe systems whose general
behavior is predictable but whose specific. micro-level behavior is not. Thus, for zxample,
one can predict the general characteristics of the turbulent flow of smoke rising from a
cigarette -- the smoke will generally rise. it will contain whorls which have generally
predictable shapes and movements and the smoke will generally respond in predictable
ways to disturbances such as a light breeze -- but the exact path of any given particle in
the stream of smoke is effectively unpredictable because of the chaotic nature of the
equations describing its dynamics. These envelopes are essentially the same as the set
predictions which, as I've argued extensively elsewhere (Scarodt 1986a,1986b), are
probably more useful than point prediction in modeling international events.

The model as it stands is probably a bit too dumb. and could use a little more
intelligence and a little stowing down to be more finely tuned. Clearty the level of
experimentation is too high, though it was set high in part to sec whether a highly random
environment would crash the system, which it did not. This would involve a simple
parameter change. Second. the memory of the system is very short -- the time horizon I
used was only two or three vears (depending on how you count). The ideal system would
bias a nation towards first looking for past precedents in its own history -- and looking
over all of that history -- rather than simply scanning the current system. That, in turn,
would probably mean that there was more adoption of strategies other than the Neutral
strategy. since a nation could find non-Neutral strategies in its past even if those were the
only examples available in the present. This could be done with a bit of a programming
anda lot of investment of additional memory. Finally, a few more rules might make the
System behave a bit more credibly: for example 2 lot of experimentation is currently
inappropriate for the nations involved (e.g. decolonization for nations with no
colonies).
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TRADE EXHIBIT -- Summary -- Page !

Year
Name
Vogon
Sirius
Megratha
Arcturug
Dentrass
Viltvedl
Eadray
Altair
UM-Erta
Asyarg
Algol
Santragi
Fallia
Jaglan H
Fakraton
Traal
Damogran
Sol III
bethsela
Al Centu

Yoar §
Name
Vogon
Sirijus
Magratna
Arcturus
Dentrass
Viltvodl
Eadrax
Altair
LiM~Beta
Asgard
Algol
Santragi
Fallia
Jeglan B
Kalrafoo
Traal
Damogran
Soi I1J
Fethsela
Al Centu

Year 10
Name
Vogon
Sirius
Megratha
Arcturus
Dentrasg
Viltvod]
Eadran
Altair
UM-Beta
fAsgard
\Algol
Santragi
‘Fallia
Jaglap B
¥akrafop
Traal .
Damogran
Sl 111
B o
aERIC

Hﬂ!ﬁﬂﬁﬁiﬂ:

GNP
144, 00
130,00
1200, 00
110, 0¢
1060, 00
50,00
45,01
40,00
35,00
30,00
14,00
13,00
12,00
11,00
10,00
9,00
B.00
7.00
&, 00
.00

BNR
156,08
137,57
125,53
140,67
129,73

57.80

31,97

46,21

40, 44

13,74

16,29

15,73

14.52

13,32

12,11

10,90

9,49
8.48
7.27
6,06

GNP
201,73
187,66
137,49
199,454
171,44

6B.04

68,12

Th. 54

46,80

39,00

19.75

19.04

17,58

16,12

17. 11

13,64

11,93

10.47

8.8!
7.74

Milpy
(. (68
0,045
063
0. 060
0,058
0,028
0,026
0,024
0,027
0. 020
0,079
0,028
0,027
0,026
0,029
0,024
0,023
0,022
0,021
20

Miley
0,068
0. 065
0,083
0. 060
0.058
0,018
0,024
¢, 024
0,022
0,020
l:l,(:ll‘?
0.028
0,027
0,026
0,025
0,024
0,023
0,622
021
O

Milex
(1, (168
(1, 065
0,053
0,060
0,058
0,009
0,028
0,024
002
0,020
0,019
0,128
0,022
0.026
015
0,024
0,023
0,022
G021
n, 00

Mode
NEU
NEL
NEU
NEU
NEL
NEL
NEL
NEU
NEU
MNEU
NEL
MEL)
NEL)
NEL
NEL
NEU
NELI
NEl)
NEU
il

Mode
LI
EEL
PAC
NEU
NEU
NEU
NEU
MEL
NEU
NEU
NEU
NEU
NEL!
MEU
MEU
NEU
NEU
NEU
NEU
MEU

Mode
NEU
MEU
NEU
NEU
MEU
MEU
MEU
NEL
NEU
NEU
NEL)
NEU
FAC
NEU
FAC
MNEU
NEU
LIE
NEU
MELS

Fer§
1.00
1,00
1.0
1,00
{.00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1.00
.00

Ferf
1,00
1,00
1,00
1,00
1,00
1,00
.00
1,00
1,00
1.00
1,00
1,00
1,00
1,00
1.00
NG
1,00
1,00
100
.00
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1,00
1,00
1,02
1,00
1,00
0.95
0,98
0.98
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1.00
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1,040
1,40
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1,00
1,00
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Year 19
Name
Vogon
Sirius
Megratna
fircturug
Dentrass
Viltvnd]
Eadray
Altair
(M-Eeta
fAsgard
Algol
Santragi
Fallia
Jaglan K
kakrafoo
Traal
Damogran
S0l II1
Bathsela
Al Centu

Year 20
Name
Vogon
Sirius
Megratha
Arcturus
Dentrass
Viltvodl
Eadran
Altair
UM-Beta
Asqard
Algol
Santragi
Fallia
Jaglan B
kakratoo
Traal
Damagran
Sol 111
Bethsela
Al Centu

Year 29
Name
Vogan
Birius
Megratha
Arcturus
Dentrass
Viltvodl
Eadray
Altair
UM-Beta
Asgard
Algnl
Santragi
Fallia
Jaglan B
Fakrafoo
Traal
Damagran
Sol Il
Bethsela
Al Conty

oNP
2482
26044
145,67
260,70
246.48
95.15
95,03
75.77
54,20
45,08
73,95
25,00
132
19.52
20,67
22,85
7.5
9.1
11,67
8.90

BNP
376,22
266,26
161,06
399.34
384,74
145.87
145,43

96.42
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GNP
927,39
369.90
169,35
574.70
590,04
265,53
243.48
114,68

Milex
01066
0,045
0,057
(PR
0,038
0,009
0,026
0.034
0,007
0. 020
0,014
0.028
0,017
0,026
0,015
0.024
0,011
0014
¢, 021
0,020

Miley
(1,068
0,065
0,053
0.060
0, 058
0.009
0026
0,034
0,007
0,012
0,014
0,028
0.017
0.026
0,015
0,024
0,011
0.011
0,021
0,010

Milex
0,068
0,065
0,053
0,060
0,058
0,009
0,026
0.034
0,007
0.012
0,014
0,028
0,017
0,026
0.010
0,024
0,011
0.011
0,02
0,010

Mode
NEL
NEU
NEU
MEL!

NEU

NEU
NEU
NEU
NEU
NEU
FAC
FEL
MEL
NEU
NE)
NEU
NEU
NEU
NEU
NEU

Mode
NEU
NEU
NEL!
NEL)
BEL.
NEU
NEU
NEL
NEU
NEU
BEL
NEU
NEU
NEU
NEU
NEU
NEU
NEU
NEU
MEU

Mode
NEU
NEU
NEU
NEU
NEU
NEU
NEU
NEU
NEU
NEL
REL
NEU
NEU
LIR
NEU
NEU
NEU
NEU
NEW
NEL

Fer ¢
1,02
1.08
1,00
1,00
1,05
1.06
1,06
1.0
1,00
jAad
1,00
1,00
1,00
1,400
1,00
1,00
.99
0,96
104
1,00

Pert
1,00
100
1,00
1,00
f,00
1,00
1,00
1,00
1,00
1.04
1,00
1,00
1,00
1,00
1,40
1,00
1,00
1,00
1,00
0.77

Fer ¢
1,600
1,04
0,96
1,00
1,00
{11
1,06
.97
1,00
1,400
.02
1.04
1,00
1,04
0,99
1,00
0.96
1,00
1.04

1,00
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Yaar 30
Nate
Yogon
Siriue

‘ Magratha
fir cturus
Dentrage
Viltynd]
Eatray
Altair
UM-Beta
Asgard
fAlgol
Santragi
Fallia
daplan B
bhalkrafoa
Traal
Danogran
Sol 111
Bethsela
Al Centu

Year 35
Name
VYoyon
Sirius
Megratha
Arcturus
Dentrass
Viltvodl
Eadrax
Altair
UM-Beta
Asgard
Algal
Santragi
Fallia
Jaglan B
Fakrafoo
Traal
Damogran
Sel 111
Eethsela
Al Centu

Year 40
Name
Vogon
Birius
Megratha
Arcturus
Dentrass
Viltvodl
Eadray
Altair
UM-Beta
Asgard
Algol
Santragi
Fallia
Jaglan B
Kakrafoo
Traal
Damogran
24rric
ERIC

Aruitoxt provided by Eic
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BN
741,55
£71,82
177,39
827,56
500,77
627.26
550,58

25.91

B3, 401

42,03

38,70

6,14

44,19

31,46

74,43

11,36

4,15
4,73
3537

5.89

GNP
1262.40
BA8. b1
194,85
1282.09
1376.57
1448, 19
1316.93
149,42
§6.81
29.53
B1.67
B1.93
77.47
86, L0
108, .3
104,30
T 00
3.79
59.09

S.1

G
2268, 70
1252, 37

02,768
2022.9
177
3307.17
2247.24

169.39

109,45

20,26

1{B. 74

116,58

131,00

134,11

157,44

152,49
2,16
Y

104,467
R

Miles
0,068
0,065
0, 053
0.0p0
0,057
0. 009
(RS
0,074
0,007
(. 004
(:I . (]()9
0.028
0,017
0,026
0,010
0,024
0,011
0,011
0,021
0,010

Milex
0. 068
0. 085
0, 053
0,060
0,053
(0. G19
0,031
0,034
0,007
0. 006
0,009
1,028
0,017
0.031
4,010
0,024
{1, Q04
0.011
0,021
0,002

Milex
0,048
0, 065
0,053
0,060
0,033
¢, 009
0,031
0,034
0,012
0, 004
009
0,028
017
0,015
0,010
0,024
0, 006
0,011
.01

oo

Mode
NEY
el
NEU
HEY
NEL
MEU
NEU
NELU
NEU
FAC
FAC
NEL)
NEU
NELS
NEU
MEL
NEL
NEU
LIR
NEU

Mode
NEU
NEU
NEU
NEU
NEU
NEU
NEU
NEU
NEU
NEU
NEL
MEU
NELI
NEU
NEU
NEU
NEU
NEU
NEY
NEU

Made
MEL
NEU
NEU
NEU
NEU
NEU
NEU
BEL
NEU
NEU
NEU
MEY
NE
HEY
NEW
NEU
NEU
NEU
NEL
HFN

Perf
1,00
1,00
0,98
1,00
1.0
0.99
1,00
0.93
1,00
1,00
1,00
1,00
1,00
1,00
1,00
(MY
i, l:)(l
1,00
1,00
1,00

Ferf
1.02
(.98
1.
1.04
1.0
0.97
1,05
1.0
1.00
1,.Q0
1,00
1,00
1,40
1,02
1ow
1,00
{, (l(:l
1,00
1,00
0.8

Ferf
1,00
1.0
.97
1,00
1,01
1,00
1.Q0
0,98
0.9%9
1,00
.00
0,98
1,00
1,00
1,00
1,00
1. 00
1,00
1.00
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0
0
¢
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0
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0
0
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Eadran

Atsir
Altair

Eady axt

Altair
Altair

Jaglan B

Eadran

Altair
Altair

ity

Year 43
Nam:
Yogon
Sirjus
Megratha
fircturus
Dentrass
Yiltvod]
Eadra
Altair
UM-peta
Asgard
Algol
Santragi
Fallia
Jaglan B
Kakratoo
Traal
Damogran
Sol 111
Hethsela
Al Centu

Year S0
Name
Vogan
Sirius
Megratha
Arcturys
Dentrass
Viitvodl
Eadrax
Altair
UM-Beta
Asgard
Algol
Santragi
Fallia
Jagian B
kFakrafoo
Traal
Damogran
Sol Il
Bethsela
Al Centu

GNP
4136,83
1811.48

210,58
336197
08,61
8326, 47
B191.49

186,19

124,83

14,48

176,39

170,14
227,90
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in = o~ LN 0 o~

LY B S R o G S

o 0 — N — O~

+ m

GNP
7719.73
215,50

231,90
625947
5783, 15

21026,

20434,8

776,91

144,45

10,74

309.43

248,31

01,27

282,80

34,76

325,

~J I» LA e— 0O

-

.
361,

o~ I kA

3
{
!
4

Milex Mode FPerf
0,058 PAC 1,07
0,065 HEU 1,00
0,026 NEU 0,94
o.060 LIE 1,02
0,053 NEU 1,02
0,009 MEL 1,02
0,030 MEU .00
0.017 MeU 0,94
0,012 NeU .99
0.006 NEU 1.01
0,009 LI& 1,00
0,028 NEU 1,00
0,007 MEU LL00
0.015 MNEU 0,99
0,010 MED 1,06
0,024 NEU 1,00
0,006 NEY 1,00
0,011 NEU 1,00
0,011 NEU 1.0
0,002 NEU 1.04
Milen Mpde Ferf
0,068 NEU 1.0
0.032 NEU 0,91
0.026 NEU L0
0,060 NEU 1,00
0,053 EEL (.94
0,009 NEU 1,00
0,031 NEU 1,00
0,017 NEU 1,00
0,012 NEU 1,00
0,006 PAC 1,00
0,009 LIR 1,00
0,028 MNEU 1,00
0,004 PAC G.BS
0,008 NEU Q.79
0,010 NEU  L.Q0
0,024 NEU 3,00
0,006 NEU  1.00
0.006 MEU 1.00
0,011 NEU 1,00
0,002 NEU  1.00
TR I———

#Col #Trade Wars

0 7 0
3 3 4
0 n 1
] b g
o b 2
0 10 4
1 10 {
¢ a 17
0 0 8
Q 2 S
0 3 B
a 2 2
0 4 2
0 4 b
il 2 |
0 2 0
U 0 2
Q 3 {
0 b {
a 4 3

#Col #Trade Wars

2 3 2
0 ! b
0 ¥ 11
0 6 0
ot 5 ]
o 10 4
1 10 {
¢ 1 17
¢ 0 8
0 2 5
0 5 8
( ? 2
0 4 3
6 5 1
0 2 {
Q 2 0
U 0 2
0 3 1
4 {
0 4 3
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Sirius
Sirius

Sirius
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Vogen
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Den‘rass
Dentrass

Dentrass
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(b ) |
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[FI h
el Mo Mepratha
kar Megratha  Viftwndl

Pl PMode Traal

Trade link to Kakrafoo
Lib_Mode Eadrax

Trade link to Viltvog]
Facif Mode UM-Beta

Year B
firl]l Mode Megratha
War Megratha Viltvod]
Victory

Year 9
Viltvodl experinents with DEC
Altair  experiments with AUT
Autark _Mode Altair

Delink Eadran-
Hakrafoo esperiments with FAC
Pacif Mode Lalrafoo

Year ¢
Fallia  experiments with FAC
Facif_Mode Fallia
Pacif_Mode Kakrafog
Sol U1 experiments with LIE
Lib_Mode Scl III

Trade 1ink to Damogran

Year 11
Dentrass experiments with DEC
Traal grperiments with DEC
Lib_Mode Sol 111
Trade link to Danogran
Facif_Mode Fallia
Altair  euperiments with 1MF
Imper Mode Altair
War Altair  Damogran
Victory
UM-Feta experiments with FAC
Facif_Mode UM~Reta

Year 12
Damggran adopts Sol III policy HEU
Fatif_Mode UM-Beta
Imper Mode Altair
War Altair  Sol 111
Victory

Year 13
Damogran adopts Altair policy NCU
Jaglan B experiments with Inp
Imper_Mode Jaglan R
Dentrass eupariments with LIE
Lib_Mode Dentrass

Trade link to Sirius
Viltved] experiments with LIR
Lib_Mode Viltvod)

Trade link to Eadrax
Autark Mode Sol 111

Delink Damugran
Bethsela experiments with LIE
Lib_Mode Fethsela

Trade link ta Damogran

ERICH-

Aruitoxt provided by Eic:
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Year 14
Santragi experiments with DEC
pAutark tode Sol 31

Delink Damogran
Lib_Mode Viltvodl

Trade link to Eadrax
Lib_tode Dentrass

Trade link to Vogon
Lib_Mode Bethsela

Trade link to Sol I1I

Year 13

Damogran experiments with IMF
Algol  experiments with FAC
Facif_Mode Algol

Hakratoo experiments with IMP
Imper _Mode Kakrafoo

Year 16
Fallia erperiments with BEL
Full _Mode Fallia

War Fallia  Algol
Facif_Mode Algol
Altair esperiments with AUT

Year 17
Megratha experinents with DEC
Fell Mode Fallia

War Fallia  Algol

Year 18
Asgard  experiments with IMP
Inper _tiode Asgard
War Psgard Al Centu
Victory

Year 19
Al Centu adopts Asgard  policy NEU
Tnper_Mode Asgard

Year 20

Al Centu adopts Asgard  palicy NEU
Algol  experiments with EEL

kell Mode Algol

Fallia experiments with AUT
Dentrass experiments with BEL

fel] _Mode Dentrass

War Dentrass Asgard
Victory

Year 21
Asgard  experiments with DEC
Fell_Mode Algol

War Algol Bethsela
Traal  experiments with DEC
fell_Mode Dentrass

War Dentrass Altair

year 22

Altair  erperiments with AUT
Santragi experiments with LIB
Lib_Mode Santragi

Trade link to Algol

Year 23
Lib_Mode Sentragi

Trade 1ink to Algol
Sirius experiments with LIB
Lib_Mode Sirius

Trade link to Viltvodi
Damagran esperiments with AUT
Autark_Mode Damogran

Delink: Bethsela
Falrafop experiments with PAC
Pac1f_Mode Kakratoo
Megratha experiments with BEL
bell_Mode Megratha

War Megratha Altair
Viltvod] experiments with LIE
Lib_Made Viltvad]

Trade link to Eadrax
Fethsela experiments with LIE
Lib_Mode Bethsela

Trade link to Jaglan R

Year 24
Damagran experiments with DEC
Fell _Mode Algol
War Rlgol Fakratoo
Lib_Mude Bethsela
Trade linl to Jaglan E
Al Centu experiments with DEC
Bell Mode Megratha
War Megratha Altair
Lib_Mode Sirius
Trade link to Viltvod!
Facif_Mode Vakrafoo ’
Lib_Made Viltvodl
Trade link to Eadrax
Year 23
Yogon  experiments with DEC
Bell_Mode Algol
War Algol UM-Feta
Jaglan E ewperiments with LIE
Lit_Mode Jaglan E
Trade link to Fallia

Year 26
Lib_Mude Jaglan B

Trade link to Fallia
Lib_Mode Viltvod]

Trade 1ink to Eadrax

Year 27
Lib_Mode Viltvedl
Trade 11nk to Eadrax
Meqratha experiments with BEL
fell_Mode Megratha
War Megratha Altair
Dentrass experiments with DEC
DeCol Mode Dentrass
Delinl. Al Centu
Eadrax  experiments with IMP
Imper _Mode Eadra:
War Eadray  Rsgard
Victory
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Year 28
Asgard  adopts Al Centu pelicy NEU
Arcturus experiments with DEC
Altair experiments with EEL
Bell Mode Altair

War Altair Viltvod]
Bell _Mode Megratha

War Megratha  Altair
Vogon  experiments with DEC

Year 29
fsgard  adepts Al Centu policy NEU
Brll_Mode Altair

War'Altair  Viltvodl
Algol experiments with FAC
Facif_Mode Algol

Year 30
Pacit_Mode Algol
fethsela esperiments with LIE
Lib_Mode Bethsela

Trade link to Fallia
Asqgard  experiments with FAC
Facif_Mode Asgard

Year 3
Santragi enperiments with DEC
Al Centu experiments with FAC
Facif_Mode Al Centu
Lib_Mode Bethsela

Trade link to Fallia
Vogon  experiments with LIR
Lib_Mode Vogon

Trade link to Viltvod]
Facif_Mode Asgard

Year 32
Facif_Mode Al Centu
l.ib_Mode Vegon

Trade link to Arcturus

Year 33
UM-Feta experiments with AUT
Eadrar  experinents with LI
Lib_Mode Eadrayx

Trade linl to Sirius
Viltvodl experiments with AUT
Autark_Mode Viltvodl

Delink Sirius

Year 34
Damoyran experiments with EEL
Bell _Mode Damogran
Revolt Damogran
War Altair  Damogran
Victory
Jaglan B experiments with IMP
Imper_Mode Jaglan B
War Jaglan & Al Centu
Victory
Autark_Mode Viltvedl
Delinl: Sirius
Lib_Mode Eadra:
Q .iq% }? Vogon

1

e -

Year 35
Imper _Mode Jaglan B
Bell_tode Al Centu
Revolt Al Centu
War Jaglan B Al Centu
Victory

Year 3b
Al Centu adopts Eadra
Lib Mode Al Centu

Trade link to Sol II1
Altair  experiments with BEL
Bell_Mode Altair

War Altair Jaglan B

UM-Eeta esperiments with EEL
Fell_Mode UM-Beta
Santragi experiments with DEC
Bethsela enperiments with PAC
Facif Mode Bethsela

policy LIR

Year 37
[ell _Mode Altair
Har Altair
Victory
Megratha experiments with BEL
Bell_Mode Megratha
War Megratha Altair
Pacif_Mode Betheela
Lib_tiode Al Centu
Trade link to Sol I1I
Bell_Mode UM-Eeta
War UM-Heta Algnl

Jaglan H

Year 38
Santragi experiments with EEL
Bell_Mode Santragi

War Santragi UM-Eeta
Fallia erperiments with IMF
Imper Mode Fallia
bell_Mode Megratha

War Megratha Altair

Year 39
Bell _Made Santragi

bar Santragi UM-Eeta
Kakrafoo experinents with IMF
Imper Mode Kakrafon

Year 40
Altair  enperiments with REL
Fell_Mode Altair

War AJtair  UM-Beta
Year 4]
Fallia experiments with PAC

Pacit_Mode Fallia
Bell_Mode Altair
War Altair  UM-Beta

“,‘l_‘l'd:l '

LI R P (TR A
" A L

Year 42
yiltvadl experiments with LI

_ Lib_Mode Viltvodl

Trade link to Eadrax
Damogran experinents with pEC
Asgard  experiments with LIB
Lib_Mode Asgard

Trade link to Al Centu
Jaglan B experiments with BEL
Eell Mode Jaglan B

War Jaglan B UM-Beta
Pacif _Mode Fallia

Year 43
Lib_Mode Viltvodl
Trade link to Vogon
Lib_Mode Asgard
Trade link to Al Centu
Sirius  esperiments with EEL
Bell_Made Sirius
War Birius
Victory
Lell Mode Jaglan B
War Jaglan B UM-Beta

Altair

Year 44
preturus experiments with LIE
Lib_Mode Arcturus
Trade link to Dentrass
Bell_Mode Sirius
War Sirius
Victory
Vogon  experiments with PAC
Pacif_Mode Vogon

Megratha

Year 43
Altair experiments with P
Imper _Mode Altair
Algol  experiments with LIB
Lib_Mnde Algol

Jrade link to Bethsela
Pacif_Mode Yogon
Lib Made Arcturus

Trade link to Dentrass

Year 4b
Pethsela experiments with DEC
Lib_Mode Algol

Trade link to A}tair

Year 47

Viltvodl evperiments with LB
Sol 111 experiments with PAC
Pacif_Made S0l [l

Year 4B
Vogon  experiments with INF
lmper_Mode Vogon
War Vogon
Victory
Paci¢_Mode Sol II1
Sirius erperiments with AUT
Autark_Mode Sirius
Delink Dentrass

Jaglan B

B 0 T

Year 49
Jaglen B adopts Vogon  polic
putark_Hode Sirius
Delink Vogon
Dentrass esperiments with BEL
Eell _Mode Dentrass
War Dentrass Sirius
Traal priperiments with IMP
Imper_Mode Traal
Inper_Mode Vogon

War Vogon Fallia
Victory
fAsgard  enperiments with PAC
Pacif_Mode Asgard
Year 50
Girius adopts Vogon  polic

Fallia adopts Vogon  polic
Jaglan B adopts VYogon  polic
Pacif_Mode Asgard
Algol  experiments with LIE
Lib_Mode Algol
Trade link to Jaglan B
Boll Mode Dentrass
War Dentrass Sirius
Victory
Fallia esperiments with FAC
Facif_Made Fallia

2
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Aruitoxt provided by Eic:
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ool e
Nang
Vogon
Sirius
Megratha
Arcturus
Dentrass
Viltvodl
Eadrax
Altair
UM~Eeta
Asgard
Algol
Santragi
Fallia
Jaglan B
Kalratoo
Traal
Damogran
Sol 111
bethsela
Al Centy

Year §
Name
Vegon
Sirius
Megratha
Arcturys
Dentracs
Viltvod]
Eadray
Altair
UM-Bata
Rsgard
Algol
Santragi
Fallia
Jaglan B
Falrafon
Traal
Damogran
Sol 111
Bethsela
Al Centu

Year 10
Hame
Yogon
Sirius
Megratha
fircturus
Dentrass
Viltyod]
Eadrax
Altair
UM-Beta
Asgard
Alnol
Santragi
Fallia
Jaglan K
Vakrafoo
Traal
Damonr an
Sol 111

nthent
[p V& f

'E l(:

Gl
146, 00
130,00
120,00
110,04
100,00
0,00
45,00
40,00
35,00
30,00
14,00
13,00
12,00
11,00
10,00
7.00
8,00
7.00
b.00
5.00

GNF

153,55

142,62
13148
120,74
109,79
60,78
95,02
46.21
40,44
34.68
18.61
18.81
15,97
13,72
12,11
10.90
9169
8.48
7.27
6.0

BINF
168,41
180,90
144,50
132,52
120,87

87.42

76,79

53,38

44,74

24,04

26,44

19,61

20,45

16,12

14,64

LAY
11.9%
10,27

B.04

7-ud

Miley
0,068
0,065
0,063
0,060
0.058
0.028
0,026
0.024
0,022
0.020
0,029
0.028
0,027
0.02%
0,028
0.024
0,023
0,022
0,021
0,020

Miley
0,068
0, 065
0,063
0. 060
0,058
0,028
0,026
0.0249
0,022
0,020
G.014
0,028
0,027
0,026
0,025
0.024
1 N ll::
0,022
0,021
Q0,070

Milexn
0,049
0,075
0,003
0.060
o, 0508
L0
0,026
024
0,022
0,010
U009
0,014
.027
1,00
1005
1,004
[N
0,022
RIS
0,040

Mode
NeU
NEU
NEU
MEU
NEU
NEU
NEU
NEU
NEU
NEU
NEU
NEU
MEU
NEU
NEU
NEU
NEU
NEU
NEU
NEU

Mode
NEU
NEY
NEU
NEU
NEU
NEU
LIR
NEL
NEU
NEL

FAC .

NEU
NEU
MEU
MNEU
NEU
NEU
NEU
NEU
NEU

Mode
NEU
NEU
NEL
NEL
NEU
HEU
il
NEU
NEU
NEU
AT
NEU
NEW
HEL
ML
HEL
LIk
MU
ey
NE(

nmmmnm At At -

Fert
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1.00
.00
1.0
.00
1,00
1.00
1.00
Q¢
00

.00
1.00
1,00

Ferf
1.00
1,00
1,40
1,00
1.00
1,02
L.o2
1,00
1. (u'\

1L 00

1,06
1. 06
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1.00

Perf
1.00
1,00
1.00
100
1,00
1,00
100
1.00
1.0
1,00
1.00
0,98
0,99
1,00
1.00
1,00
(V]
1,00
1,00
1.ao

#Col
0

#Col
0
0
0

]

[(]

0
0
4}

I
[¢]
O

{t

0
0

#Col
0

)
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¢
¢
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0
{
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0
{
{
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0
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Page 1

Sirius

Sirfus

Year 1%
Name
Vogon
Sirius
Hegratha
Arcturus
Dentrass
Viltvodl
Eadrax
Altair
UM-Beta
Azqard
Algol
Santragi
Fallia
Jaglan B
Fakrafoo
Traal
Damagran
Sol 11!
Fethsela
Al Centu

Year 20
Name
Yogon
Sirius
Megratha
Arcturus
Dentrass
Viltvodl
Eadran
Altair
UM-Beta
Rsgard
flgol
Santragi
Fallia
Jaglan B
Kakrafuo
Traal
Damogran
5ol 1I1
Bethsela
Al Centu

Year 25
Name
Vogon
Sirius
Megratha
Arcturus
Dentrass
Viltved]
Eadrax
Altair
UM-Eeta
Asyard
Algnl
Santr agi
Fallia
Jaglan B
kakrafon
'[rﬂﬂl
Damngran
Sol III
Bothepla
M Penty

GNP
165,03
194.32
161,30
148.19

—
132,33

114,68
107,18
b1.67
54.01
18.08
32,14
15,74
24,76
19.82
17,75
19,26
17,49
12,45
10,48
8.93

GNP
181,18
228,772
210,12
193,85
145,28
159.03
162.89

71,33

42,41

13.67

36,58

12,44

20,75

23,62

20,79

21.61

25,50

15.08

12.94

10.84

28,62
.10
19.25
36,29
17.56
15.40
1214

Miley
0,063
0,075
0, 0867
0,060
0. 58
0,018
0,026
0,024
0,022
0.010
0,09
0,014
0,027
0,026
0,025
O.GL4
0,023
0.022
4,021
0.010

Mileys
0,058
0.075
0,043
0,050
0,058
0.018
0,036
0,014
0,022
0,010
0,009
0.014
0,013
0,024
Q. 025
0,012
0 ﬂLq
0.022

0.021
0.010

Milexs
0,058
0,075
0,063
0,050
0,058
0.018
0,026
0,014
0,422
0.010
(.009
0,014
0,009
0.01%
0,028
0.012
0.023
0.022
0,021
0,010

Mode Pers 0ol

PAC
NEW
NEU
LIk
NEU
NEU
NEU
NEU
MNEU
NEU
NEU
NEU
MEU
NEU
NEU
NEU
MNEU
NEU
NEU
NEU

Mode
NEU
NEY
NEU
PAC
NEU
NEU
NEU
MEY
NEU
NEU
NEU
NEU
NEU
NEU
NEY
NEL!
NEW
NEU
NEU
NEU

Mode
NEU
NEU
NEU
AUT
NEU
NEU
NEU
NEU
NEU
LIk
BEL
NEL
NEU
Fac
NEU
NEU
NEU
PEL
NEU
il

0,93 -
0,94
100
1,00
1,00
1,00
1,00
190
1.00
1.00
1,00
1,00
1.00
1.00
1. l:lt:l
[.00
[, 00
1,00
100
I . 00

Ferf
1.00
1,00
1.00
1,00
1,00
1.0
1,04
1,00
1.00
1,00
0,99
.00
0,77
1,00
0.97
0,86
1,00
1,00
1,00
[.00

Fer{
.00
.00
100
1,00
1.00
100
1,00
1.0
ILY
1,02
1.¢0
1.02
I
I
1,00
1,00
1,ug
1.0
1.0
[

4]

2

0
0
0
0
0
Q
0
¢
Q
¢
0
¢
0
[(
0
(

0
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Q
0
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0
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Year

Name GNP Milex Mode Ferf #Col
Vogon 218,38 ¢, 058 NEU 1.0 ¢
Sirius 297,30 0,075 NEU 1,00 2
Megratha 296,23 0,067 NeU 1,00 0
Arcturus 279.48 0,050 NEU 1,00 0
Dentrass 175.11 0,058 NEU 100 0
Viltvodl 311,45 0.0{B NEU .00 0
Eadrax 370,91 .04 IMP 1,40 3
Altair 95,48 0,013 NEU 1,00 0
UM-Beta .12 0,011 NEU 1,00 0
Asgard 11,03 0,010 NEU 1,02 0
Algol 55,95 0,009 NEU 1.0Q ¢
fantragi 11,29 0.014 LIF .02 0
Fatlia 10,74 0,004 FAC 100 0
Jaglan B J4.74 0.006 NEU 1,00 0
Fakrafoo 30,49 0,025 NEU 1,00 Q
Traal 17,49 0.012 LIF L.00 0
Damagran 46,68 0,023 NEU L0 0
Gol II 20,45 0,022 MEU 1,00 0
Fethsela 18.71 0.006 FAC 1,00 0
Al Centp 15,98 0,010 NEU 1,00 0
Year 35

Name GNF Milex Mode FPerf #Col
Yogan 239,79 0,058 NEU 1,00 \
sirius 329,82 0.0683 NEU  f.00 0
Megratha 328,22 0,053 NEU 1,00 0
froturus 339,97 0.040 NEU 1,07 2
Pentrass 192,25 0,08 NEU 1,00 a
Viltved] 435,86 0,018 NEU 1,00 0
Eadray 935,30 0,080 NEU  LLG0 .
Altair 110,46 G014 NEY  1L00 0
H~Beta 52,02 0,011 NEU 1.0 0
Asgard 20,75 Q.010 AUT 1,03 0
Algal 92,63 0,009 NEU 0,76 0
Santragi 20,50 0,014 NEU 1,04 0
Fallia 7.74 (4,004 NEU 1,00 0
Jaglan B 42,22 0,006 NEU 1.00 0
kakrafop 36,91 0,025 NEU 1.0 0
Traal 19.02 0.2 NEU 1,00 0
Damogran 49,53 0,011 NEU 0,84 0
Sol 111 24,77 0.022 NEU  1.0Q 0
Bethsela 24,74 0,006 NEU 1,00 q
Al Centu 21,04 0.010 NEU 1,00 0
Year 40 ,

Name GNP Milex Mode Perf #Col
Yogon L2200 0,058 NEU O Loo T Q
Siriuvs 361,50 0,065 NEU 1,00 0
Megratha 357,22 0,053 NEU 1,00 0
Arcturus 420,01 0,060 NEU 1,00 2
Dentrass 240,71 0,068 NEU 1,04 2
Viltvodl 609,96 0.018 NEU 1,00 0
Eadrax 790,37 ¢.041 NEW 1,00 3
Altair 129.88 0,014 NEU  L.00 0
UN-Beta 35,76 (L,011 NEU 1,00 Q
Asgard 7% 0,002 MNeL .05 0
Algol .87 0,005 NEU 1,00 0
Santragi 41,98 0,014 NEU 1,02 0
Fallia 5,57 0.004 NeU 1,00 0
Jaglan B 12,03 0.003 PAC {00 0
kakrafoo .06 0,012 NEU 0,77 0
Traal 18,00 0.012 NEU .96 0
Damogran 6,65 0,011 NEU (.98 Q
Gn} '13 31.18 0,022 NEU 1,02 0
| - 32,12 0.006 PAC 1,00 d
1[512\!‘:: 21,87 0010 NED 1,04 [

P ;3 23

#Trade Wars

D e D P D D O LU DRI D D D o

2
4

-~

P DR s D DO D

-

Lol o5 i 2

Eadrax
Sirius

Sirius
Eadrax

Eadrax

#Trade Wars

a

0
]

= D

L0 DL O O r N

L=l -4

—_— D rY 4>

0
o

A = DN DD O 0D D DR oD

f= i L

LV P = D R END MY M)

B - -

ORI — — PO — 0 = = D1 DO R D D)

Eadran

Arcturus

Eadran

Eadray
Areturus

Eadray

Arcturus

Eadlray
Dentrass
Dentrass
Eadrau
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Year 45
Name
Yogon
Sirius
Hegratha
Arcturus
Dentraus
Viltvedl
Eadrax
Altair
UM~Beta
Asgard
Algol
Santragi
Fallia
Jaglan B
kakrafoo
Traal
Damogran
Sol I
Eethsela
Al Centu

Year S0
Name
Vogon
Sirius
Megr atha
frcturus
Dentrass
Viltvodl
Eadrax
Altair
UM-Beta
Asgard
Algol
Santragi
Fallia
Jaglan B
Kakratoo
Traal
Damogran
Sol III
Bethzela
Al Centu

GNP
268,98
396,59
392,38
495,03
92,2
H33, 61
1097,20
150,25

24,55

73.99

27.3%

75,32

4,01

23,04

22,41

16.03

26,43

41,54

40,87

44,47

o
37,2
435,08
430,99
585, 45
241,52
1409. 81
1752,69
173,86

16.84
[18.53

19.61
133.04

2.88

18.36

17.9

12,32

19.06

553

50,04

60,21

Milex Moda Perf #Col #HTrade Wars
0,058 NEU  1.00 0 0 2
0,065 MEU 1,00 0 d 4
0,053 MEU .00 0 0 0
0,050 FAC 1,00 2 2
0,068 NEU 1,00 2 ( 2
0,018 NEU  1.00 0 2 0
0,041 NEU 1,00 3 2 G
0,014 NEU  1.00 0 0 2
0.006 NEU 1,00 a 0 ! Eadrax

" 0.002 NEU O L.00 0 b 3
0,005 NEU 1,00 ( 0 &  Arcturus
0,009 FAC 1,04 0 ] 1
¢.004 NEU  1L00 0 0 2  Eadrax
0.003 NEU 1.00 0 0 { Dentrass
0,012 NEU 1,00 0 1 3 Dentrass
0,012 NEU 1.00¢ 0 2 { Eadrax
0,011 NEU 1,00 0 0 1 Arcturus
¢,022 NEU 1,00 0 { ]
0,006 NEU  1.GO 0 1 2
0,000 NEU 1.00 0 2 (
Milex Mode Ferf #Col #Trade MWars
(L.058 NEU  LL00 0 @ 2
0,063 NEU 1.Q0 0 0 4
¢,083 NEU 100 0 0 0
0,055 IMP 1,00 3 0 3
0,068 MEU 1,00 2 0 2
0,018 NEU 1,00 d 4 0
0,041 NEU 1.0 3 4 6]
0.009 PAC 1,00 0 0 2
0,006 NEU 1,00 Q 0 | Eadrax
0,001 NEU 1,00 0 b 4 fArcturus
0,005 NEU  1.00 0 0 6  Arcturus
0,009 NEU 1,00 0 4 {
0,004 NEU  1.00 0 0 2 Eadrax
0,003 NEU 1,06 0 2 { Dentrass
0,012 NEU 1.0Q7 0 2 3 Dentrasg
0,012 NEU Q.96 0 Q 1 Eadrax
0,000 NEU 1,00 0 0 1 Arcturus
0,022 MEU  LOO 0 ! 4
0,006 NEU 1,00 0 0 2
0,010 NEY 0,99 0 1 0

T R -~
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Year |

Arctirus experiments with DEC

Fallia  exporiments with LIR

Lib_Mode Fallia '
Trade link to Santragi

Algol  evperiments with PAC

Pacif_Morle Algol

Damogran experinents with AUT-

Biriug  experiments with DEC

Year 2

Kakrateo experiments with DEC
Facit_Mode Algol

Jaglan B experiments with IMP
Imper _Mode Jaglan B

Traal  experiments with DEC

Year 3
Santragi experiments with LIR
Lib_Mode Santragi

Trade link to Algol
Jaglan B experiments with DEC
Megratha esperiments with AUT

Year 4
Eadra¥  enperiments with LIB
Lib_Mode Eadra:

Trade link to Viltvod]
Sol 11T experiments with AUT
Lib_Mode Santragi

Trade link to Algol
Year &
Lib_Mode Eadran

Trade link to Viltvodl
Pacif_Mode Algol

Year &
Facif_Mode Algol
Sirius  euperiments with IMF
Imper_Mode Sirjus
War Sirius  Asgard
Victory

Year 7
ficgard  adopts Eadraw  policy LIR
Lib_Mode Asqard
Trade link to Santrag:
Imper _Mode Sirius
War Sirius  Bantragl
Victory

Year B

Asgard  adopts Sirius  policy NEU
Santrag: adopts Sirius  policy NEU
Al Centu experimente with FAC
Facif_Mode Al Centu

FRIC 34
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Year 9§

Santragi adopts Asgard policy NEU

Farif Mode Al Centu
Arcturus experiments with AUT
Santragi experiments with IMP
Fallia  experiments with AuT
Autark_Mode Fallia

Delink Santragi

Year {(
Traal  experiments with INF
Imper_Mode Traal
Algol  euperiments with AUT
Autark_Mode Algol

Delink Santragi
Damogran experiments with LIE
Lib_Mode Damogran

Trade link to Traal

Year {1

Autark_Mode Algol
Delink Bantragi

Lib_Mode Damogran
Trade link to Traal

Year 12
Santragi experiments with DEC
Sirius  experinents with BEL
Eell_Mode Sirius

War 8irius  Vegon

Year 13
Bell_Mode Sirjus

War Siriuz  Vogon
Viltvodl enperinents with PAC
Facif_Mode Yiltvodl

Year 14

Vggon adopts Viltvodl policy NEU
Sirius  adopts Viltvodl policy NEU
Facif_Made Viltvaodl

Year 15
Al Centu experiments with INF
Imper_Mode Al Centu
Arcturus experiments with LIRB
Lib_ Mode Arcturus

Trade link to Megratha
Vogon  experiments with PAC
Fatif_Mode Vogen
Megratha ewperiments with DEC

Year 16
Altair  erperiments with PAC
Pacit Mode Altair
Facif_Mode Vogon
Lib_Mode Arcturys
Trade link to Megratha

Year |7
Facif Mode Altair

A
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Year 18
talkrafoo experiments with EEL
Fell _Mode Kakrafoc

War Kakratoo Algol
5ol 111 experiments with DEC
Eadrax  experiments with IMP
Imper_Mode Eadrax

Ylar Eadrax  Fallia

Victory

Year 19 ‘
Fallia adopts Eadran  policy NEU

frcturus exparinents with PAC
Pacif_Mode Arcturus
Eell_Mode Kakratoo
War Fakrafoo Algol
Imper_Mode Eadrax
War Eagran  Traal
Victory

Year 20 .
Fallia adopts Eadrax pelicy NEU

Traal  atopts Eadrax  policy NEU
Facif_Mode Arcturus

Year 21

Traal  adopts Eadrax  policy 1M
ol 111 enperiments with AUT

Al Centu experiments with DEC

Year 22 '
Fallia esperiments with FAC

Pacif_Mode Fallia

Year 13
Traal  esperiments with DEC
Facif Mode Fallia

Year 24
8ol 111 experiments with AUT
fsgard  experiments with LIB
Lib_Mode Asgard

Trade link to Santragi
Altair esperiments with DEC
Jaglan & experiments with PAC
Facif_Mede Jaglan B

Year 23
Pacif_tode Jaglan'B
UM-eta experinents with DEC
Algnl  experiments with BEL
Lixl]l _Mode Algol

War Algol Sol 111
Lib_Mode Asgard

Trade link to Santragl

Sol 111 experiments with BEL
Bell_Mode Sel 111

War Sol I11  Bethsela
Arcturus experiments with AUT
Autark_Mode Arcturus
Delink Megratha

fear
Fallia euperiments with EEL
Bell Mode Fallia
kevolt Fallia
War Eadrax  Fallia
Victory
fiel]_Mode Algol
War Algol Sol 111
Fell_Mode Sol 11
War Sol Il Bethsela
Vogon  experiments with AUT
Eethsela experiments with FAC
Facif_Mode Eethsela
Autark _Mode Arcturus
Delink Megratha

Year 27
Facif_tode Fethsela

Year 18

Jaglan B experiments with FAC
Pacif_tode Jagian B

Santragi experiments with IMP
Arcturus experiments with AUT

Year 29
Facif_Mode Jaglan B
Santragi experiments with LIB
Lib_Mode Santragi
Trade link to Asgard

Year 30
Eadrax  euperiments with INF
Inper _Mode Ead:
War Eadrax  UM-Beta
Victory
Lib_Mode Santragi
Trade link to Asgard
Traal  experiments with LIk
Lib_Mode Traal
Trade link to Eethsela
Bethsela experiments with PAC
Pacif_tode Fethszela
Fallia esperiments with PRC
Facif_Mode Fallia

Year 31
UN-Beta adepte Santrags policy
Sirins  experiments with DEC
Delol _Mode Sirius
Delink Rsgard
Lib_Mode Traal
“Trade lint to Al Centu
Al Centu experiments with DEC
Pacif_Mode hethsela
Voqon  euperinents with AUT
Imper_Hode Eadrax
War Eadrax  Algol
Algol  esperinents with LIE
Lib_Mode Algol
Trade link to Damogran
Pacif Mode Fallia 3 -
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Year 37
UM-Heta adopts Asgard pelicy NEU
DeCal _Made Sirius
Delink Santragi
Lib_Made Algol
Trade link to UM-Eeta

Year 33
Arcturus experiments with IMP
Imper_Mode Arcturus
War Arcturus Algol

Victory ‘
Megratha expoeriments with PAC
Pacif_Mode Megratha
Lib_Mode Santragi

Trade link to Asgard

Year 34
Facif_Mode Megratha
Imper_Mode Arcturus
War Arcturus Damogran
Vietory
Autarl_Mode Algol
Delink Damogran

Year 35
Damogran adopts Arcturus pelicy NEU
Asgard experiments with AUT
Autark _Mode As=gard

Delink Santragi
Autark_Mode Algol

Delink UM-Eeta

Year 36
Damogran adopts Arcturus policy IMP
Autark_Mode Asgard
Delink Santragi
Altair experiments with REL
Fell _Mode Altair
War Altair Asgard
Victory
Santragi esperiments with LIB
Lib_Mode Santragi
Trade link to A=gard

Year 37
Asgard  adopts Altair policy NEU
Lib_Mode Santragi
Trade link to Al Centu
Damogr an experiments with AUT
Autark _Mode Damogran
Delink Traal
Eell _Mode Altair
War Altair Asgard
Viectory
Dentrass experiments wath IMP
Imper _Mode Dentrass
War Dentrass Jaglan B
Victory

FRICT 36
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Jaglan K adopts Dentrass policy NEU
Fallia experiments with DEC
Imper _Mode Dentrass
War Duntrass Kakrafoo
Vitztory
Lib_Mode Asgard
Trade link to Al Centu
Algol experiments with DEC
Autark_Mode Damogran
belink Traal

Year 39
Jaglan E adopts Dentrass palicy NEU
Kakrafoo adopts Dentrass policy NEU
Jaglan B experiments with FAC
Paci f_Mode Jaglan H
Kakrafoo experiments with IMP
Lib_Mode Asgard

Trade link to Sol III

Year 40

Kakrafoo adopts Asgard policy NEU

Facif_Mode Jaglan E

Viltvadl experiments with DEC
Bethsela experiments with PAC
arif_Mode Kethsela

Year 41
Santragi experiments with AUT
Autark_Mode Santragi

Delink Al Centu
Facif_Mode Bethsela

Year 42
Fallia euperiments with FAC
Facif_Mode Fallia
UM~-Eeta evperiments with PAC
Facif_Mode UM-Eeta
Autark_Mode Santragi

Delink Asgard

Year 43

Asgard experiments with FAC
Facif_Mode Asgard

FPacif_Mode UM-Eeta

Pacif_Mode Fallia

Altair experiments with NEC

Year 44

Arcturus experiments with PIC
Facif_Mode Arcturus
Facif_Mode Asgard

Year 4%

Fatcif_Mode Arcturus

Santragi experiments with FAC
Pacif_Mode Santragi

Year 46
Eadrax  experiments with LIE
Lib_Mode Eadrax

Trade link to Viltvodl
Pacif_Mode Santragi

Aruitoxt provided by Eic:
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Year 47
Traal experiments with AUT
Autark_Mode Traal

Delink Hethsela
Algol experiments with FAC
Facif_Mode Algol
Lib_Mode Eadrax

Trade link to Viltvodl

Year 48
Asgard  experiments with IMP
Imper_Mpde Asgard
Kakrafoo esperiments with LIB
Lib_Mode Kakrafoo

Trade link to Jaglan E
Autark_Mode Traal

Delink Al Centu
Facif_Mode Algol

Year 49
Lib_Mode Kakrafoo

Trade link to Jaglan E
Sol I11 exnperiments with IMP
Imper_Mode Sol 111

Year S0
Altair experiments with FAC
Facif_Mode Altair
Arcturus experiments with IMP
Imper_Mode Arcturus
War Arcturus Asgard
Victory
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Appendi:
Key Elements of PWortd Program

This appendix gives condensed code for the simulation. | have left out an
assortment of minor variable declarations, input/output, initiaizations and error
traps but have left in most of the actual formulas, Angle brackels -- (€. -
denote the location of uninteresting large blocks of code which do standard
actions (eg. modfy fists),

The complete code is available in either Apple 11 or Macintosh format from
the author. The Pascal dialect is Apple 11 UCSD and should onvezt with litle
dilliculbto Turbo Pascal. Program runs on 2 64K Apple Il with about 28K {ree
with a system of 20 nations, so the sysieat could obviously be expanded in size
considerably,

Constants
N_Nation = 20: Number of natlons In system
Max_Colony = 10; Ma colonies nation can hold
Max_Trade = 10; Max trading chunks nation can have
M Year =50; Length of simulationrun
Horizon =2, Time horizon for projections

Tradeult = 1,02, (* Comparative advantage gain of trade ¥)
Trade_Chunk = 0.02: (¥ Prop of GDP in a trade chunk *)

War_Cost = 1.00;  (*Use to calculate cost of war %)

War_Spolls =0.3;  (* R GNP transfered from loser to winner *)
Defeat_Milex» 050  (%Milex reduction of loser ¥)

D-Hilex = 0.0030;  Incrementl change In Milex in B!l Mode Pac.ode
MinMilex =001;  Minimum size for Milex

ColonySize =025, (* Max size of colony as % of colonizer GP ¥)
Colony-Cost ~ 00050; (¥ Calony cost as Increment to Milex ¥)
Tribute-Prop= 0.10; (¥ Prop of GOP extracted by impertal power ¥)

Bad_Policy =092, Trigger level for reversing policy
OK.Pollcy =1.05;  Trigger level for switching to Newtral policy
Exper.Prob =015 Probabil ity o experlmenting with pollcy

\)7
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Type ModeType = (Neut BellPacif Lib, Aut, Imper Decol );

Natn » Record

Name: Stringl8]

ONP,

Milex, AGNP which are military expenditurss

6P, Yearly changg in GOP

Perform: Real;

Mode: ModeType,;

Owner, Colonfal owner; 0 if none.

M. Colony \LTrade: — integer;

Colony: Arrayl 1 Max_Colony) of integer;

Trade: Armayl ] Max_Trade] of nteger;

(L War. records number of wars experienced
end;

Var

Nation: -~ Arayl!.Max_Nation] of Natn;

(LForecast: ~ Arrayl0.Harizon, 1.Max_Nation] of real;
M.Forecast:  Arrayl0,Horizon, | Max_Nation] of ModeType:

Procedurs Print_Stats;
(*Prints curent statistics for nations *)

(¥ e ATTRIBUTE FUNCTIONS ¥t #)

Function URanreal;
(¥Uniform {0, 1] random numbers )

Function Opp.ods(MModeType)ModeType:
(¥ Returns the opposite mode *)

Functlon GDP(nanteger)real;
(¥ Computes the non-military part of GNP ¥)

Functlon QLMII(NAnteger)real;
(¥ Computes quantity of military for NA )

Functlon Q_Trade(na,ntxintegerreal;
(* Computes the Juantity of trade betweenna and nb *)

38
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Functlon Hew 0HP(na Inleger)real;
(* Computes the new GNP value *)
begin
with Natlonlna) do beghn
G0:GOPena):
M (Milex¥cDI/( 1 0-Mllex) (*Military compongnt ¥)
If Owner«0 then G0.«(1.0 - Tribute.Prop GD;
0D+ DGOP * 6D ¢t (* Intrlnsic growth ¥)

(¥ compute base GDP ¥)

(¥ adustments for colonles, trade *)

i NLColony >0 then
for ka1 to N_Colony do 60:+ 6D + Tribute_Prop¥GOP(Calonyfka);
I \LTrade > O then
forka:+1 to KL Trade do GO+ G0 + Trade.MoltHQ_Trade(Tradelkala);

New P« 60
end: (*with #)
end: (¥ new GNP *)

Procedure Forecast;
(¥ Update the Forecast arvays )

Procedure New_Perform:
{* Compute the performance measure ¥)

Function Exper tode ModeType;
(*Randomly picks anew policy mode *)

[ 40Ke¥ ) PROCEDURES #4444

Procedure War(na,nb Integer )
(% Wer betweenNA and B, Procedure assumes NA = NB
The War..Cost adjustinent is algebralcally equivalent to
ONP += GNP - Q_MiI* (MITB/MIIA) * War_Cost
This procedure i5 used in both Bell_Mode and Imper_Hode ¥)
begin
MILA <0 MINNA)
MI1B:=Q_Mi (NB);
(¥ Subtract costs of war %)
Natfon[NA} GHP = atfon[A] GNP « M1 * War Cost:
Hatlon{NB] GNP+ NatIon[NB] GNP - (Sar(MIIB)AMIA) * War _Cast:

O
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Katlon[NA] 0_War -= Matlon{HA}QL War » 1;
Natlon[NB] 0_War :» Nation[NBI0_War ¢ I

1 URan < (MILA = MIIB)/(MILA + MIIB) (¥ probof viclory for NA¥)
then begin
With Nation{NB] do begin
Hilex = DefeatMilex * Milex;
Mode = Neut;
Il OwneroNA then
begin
Natlon[NA] GNP :» Nation[NAJ GNP + (GNP * War _Spoils);
GNP = GNP¥(1.0 - War_Spoils);
end

(% transfer spoiis unless revolt ¥)

« Transfer colonies from NB to NA D

{ Colonlze NB If NR s in Imperialist made »
nd; (If URan¥)
end; (* Wer ¥)

Procedure Bell Mode(NAinteger);
(¥ BellicIst mode activity for NA¥)
beqin
(I colonlzed, afteck colonlzer, then exll procedure »

{* look for someane 0 attack based on
1. Cannot be colony
2.Must be weaker
3. Maximize rato of colonles to Q.M #)
Loc(;
My.MIEx QLMIINAY,
for ka=1 toN.Natlon do
It (kaoNA)
and (Natlonlkal OwnersQ)
and (QLMkal < Hy.in
and ({(Nationlkal N_Colomy/O.ttiltkal)» Q_Target) or (LoceO)
then begin
Q.Target« Hatlontkal . Colony/Q.Hilkal,
Loc:eka;
ind:
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(il target available, attack; else Increment Milex )
Il Loc > 0 then War(NA, Loc)
else with NalionlNA| do Mitex = Milex + D_Milex
end; * Bell_Moge ¥)

Procedure Pacif.Mode(NA Integer);
(* Implement Pacif mode activities *)
beqin
with Naton[NA do if Milex » Mintitex then Mile = Milex - 0.Milex;
end;

(¥ WXEX (MPERIALISM PROCEDLRES uwxk ¥)

Procedure Imper_Mode(NA inleger),
(*mplernent Imper mode activities ¥)
begin
(¥ ook for someane to colonize based on
1. Cannot be cotony
2. Must be substentially smaller
3. Pick on weathiest target %)
Best.Targel:«0;
My GNP -« ation[NA) GNP,
for ka=1 to N.Nation do
I (kaoNA)
and (NetionfkalOwner=0)
and {(Natlonia] GNP/My_5HP) <= Calony Size)
and {(Nationlka  GHP » Q_Target) r (Best_Targete0)
then begin
0_Target:= Nationlke)GKP:
Dest_Targel =k3;
end;
(% if target avallable, attack; else Mode » Neut ¥
I BestTarget > O then War(NA, Besl_Target)
el5e Nation[HA|Mode » Meut,
end; (* Imper JMode *)

Procedure Decol Made(NA integer);
(* Implement Decol activily: drop posrest colony *)

Sehrodl Appendiz Pege 6

(¥ #65 TRADE PROCEDURES X+ ¥)

Procedure Lo _Mode(NAinteger);
(¥ Implerent Liberal activity: look for trading partner, Note that one can have
multiple trade agreements with the same partner. *)
begin
( HNTrode=Mai.Trade, change mode lo Neutral, exll procedure »
(¥ Trade I5 established wilh the partner closest in wealth ¥)
With Nation{NA] do begin
My_GDP := GDP(NA)
Loc(;
forka=1 to N Natlon do
I (kaoA)
and {(Nation{kalMode=Lib) or (Nationfka) Mode=Neut))
and (Nt onfka] KL Trade ¢ Max..Trade)
and {{Absfty_60P - GOPIkal) ¢ Best) or (Loc=0))
then begin
Best:» Abs(My.60P - GDR(kal);
Loc:=ka;
end;
end: (% with Nation{NA| ¥

If Loc» then << Add to Irading st of bolh nallons »
end: (*LiberalMode *)

Procedure Autark Mode(NAvinteger),
(* Implement Autark activity. drop poorest trading partner in trading 1is!;
alsh delete oneselr from that partners trading list ¥)

Procedure Pick-Palicy(NArinteger);
(¥ Main policy decisfon loop. M_ForecastiONA i the policy that was being used
al t-Horlzon, 1. at the time the current performance projection was made *)
begin
with NatloniNA] o begin
if Perform « Bad_Policy then
begin
Mode:» Opp_Mode(M_Forecast0 NAD,
I ode * Neut then beqin (* Find best precedent *)
LocsNA;
BestsPerform;
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forka«l toN Nation do
If NationlkalPerform » Best
then begin
Best:=Nationfka) Perform;
Loc:ska:
end;
Mode:M_Forecast[0 Loc)
end; (¥ then ¥)
end (* then ¥)
elseif  (Perform < OK_Rolicy)
and (M Forecast{| NAJoNeut)
then Mode:=Neut:

I Perform>OK_Policy then Mode:=M.Forecast/ONA)
end; (¥ with ¥)
end; (* Pick_Palicy ¥)

Procedure Do-Policy;
(*Execute policies in random order ¥)
begin
for ka=1 to N.Nation do Donelkal false
for ka= | to NL_Nation do begin
Kb:+Random mod N.Nation;
Repeat
Kbakbe 1
If kboN_Nation then kb:e!:
Untl not Donelkb,
Danelkl=true;
if Natlon[kb]Mode:Neut then
if Uran ¢ Exper_Prob then Natlonlkb}Mode:sExper_Mode;
Case Nt onlkb| Mode of
BeilBell Modelkb):
Pacif: Pacif_Mode(ko);
Imper: Imper_Mode{kb);
DeCot: DeCol Mode(kb):
Lib < LibMode(kb):
Aut : Autark_Mode(kb):
end; (¥ case *)
end; (¥ for #)
end; (* DoPolicy ¥)
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(48 MAIN PROGRAY %)
begin
Init_var,
for year:»] toMawyear do begn
New_Perform.
for ka1 to N_Nation o Pick_Polleyka)
Do_Pollcy;
for ka:+) to ALt lon do Natiolkal P = New _6NP(ka).
Forecast;
Print_Stats;
end;
end
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