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Purpose

We define competitive in terms of the probability of survival, and 
we address three questions:

Are the five traditionally studied Deterrence Game preference 
orderings the most competitive for their roles?

Are there other preference orderings that are competitive in the 
Deterrence Game? 

What are the dynamic aspects of inclusion and exclusion of preference 
orderings? 



The Model



The Preference Orderings



The Outcome Table



Estimating Survival Probabilities

The survival probability of a preference ordering is the 
probability that a player using that preference ordering 
will survive (i.e., not be replaced) when playing any 
possible opponent. 

To estimate the survival probability of a given preference 
ordering, we first define the probability that a player 
using that preference ordering will survive a single 
instance of the Deterrence Game.  We then aggregate 
its likelihood of survival against all possible opponents.



Survival Probabilities in
Single Play



Aggregate Probabilities



Challenger Classes



Defender Classes



Challenger Results

For Challenger, the answers to the first and second 
questions are as follows:

the Resolute and Irresolute preference orderings are 
the most competitive, 

the Rogue preference ordering is only moderately 
competitive, and 

there are seven Challenger preference orderings that 
perform as well as the Rogue preference ordering.



Defender Results

For Defender, the answers to the first and second questions 
are as follows:

the Resolute preference ordering is the most competitive, 
the Irresolute preference is only moderately competitive,
there are seven Defender preference orderings that perform

as well as the Resolute preference ordering, and 
there are three Defender preference orderings that perform

as well as the Irresolute preference ordering.



Play of the Agent-Based Game
We test these predictions via an agent-based simulation consisting of a 
population of 10,000 agents on a 100x100 toroidal grid.  Each instance of the 
game involves the following steps:

Random selection of a Challenger agent, C, and a Defender agent, D.

If the population is panmictic, then D is selected from the entire population; If 
the population is spatially-structured, then D is selected from the eight 
immediate neighbors of C.

The outcome of the game determines if and how C and D are replaced, per 
the static survival probabilities presented earlier in Table 5.



Challenger Distributions Over Time



Importance of Defender Class D0

One result that has remained constant throughout all of our 
experiments is the stabilized distribution of Defender classes. 

The preference orderings in class D0 , which include Resolute Defender, 
are the only preference orderings that always survive. 

As a result, the Challenger preference orderings in our population are 
actually evolving to play against only the preference orderings from 
class D0, and not against all defender preference orderings. 



D0 Included



D0 Excluded



Discussion of Agent-Based Results

When class D0 is included, Figure 9 reveals relatively smooth convergence;
when class D0 is excluded, Figure 10 reveals a very different dynamic 
wherein the various classes of preference orderings appear to activate 
and inhibit each other resulting in oscillations in their relative proportions 
in the population.

D0 can be seen as the hegemonic class. 

When D0 is present, we get relative stability, and
when D0 is absent, we get relative instability.



Discussion of Agent-Based Results
The dynamic process observed when D0 is excluded fits the following 
pattern:

The growth of class D1 in the population appears to stimulate the 
growth of class C0.  When the proportion of class C0 grows, the 
proportion of other challenger classes decreases. Class C0, in turn, 
activates class D2 (which inhibits D1); class D2 activates C1 (which 
inhibits C0); and class C1 activates D1 (which inhibits D2).  The cycle 
then starts all over again. 

This pattern is similar to the behavior in predator/prey models.



Conclusion

We answered three questions:

The five traditionally studied Deterrence Game preference orderings 
are competitive for their roles.

There are other preference orderings that are competitive.

The dynamic behavior of agent-based play reveals greater
stability given the hegemonic class D0 is included and 
greater instability given class D0 is excluded.


