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Games 
 
For Game Theorists games are 

precisely defined interactions of 

multiple players with utilities 

dependant on the choices of 

strategy. The utilities, are quan-

titative. We assume rational 

players, who wish to maximise 

their expected utilities, and we 

assume common knowledge 

of the utilities. We can have ei-

ther pure (deterministic) or 

mixed (stochastic) strategies. 

There are many ways of representing games but one, the 

extensive form, will be used here due to its intuitive 

nature. We represent the game as a tree, with each node 

representing a decision. At leaves we record the payoffs 

for each player if those choices are made. A section of 

such a game is presented in Figure 1. 

Figure 1  Part of an extensive form game 

Equilibria 
 
The key solution concept in 

Game Theory is that of equilib-

rium. The most commonly stud-

ied equilibrium is the Nash 

Equilibrium [1], which is es-

sentially a situation in which no 

player benefits by switching her 

strategy.  

We can have both mixed Nash 

Equilibria and Pure Nash Equi-

libria depending on the type of 

strategies adopted. Every finite 

game has a mixed Nash Equilib-

rium though not necessarily a pure Nash Equilibrium. 

John von Neumann Among 

his many accomplishments he 

pioneered much of Game The-

ory. 

John Nash Extended the con-

cept now known as Nash Equil-

brium beyond the limited con-

text of Zero Sum Games in 

which John von Neumann had 

developed it. 
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Inspection Games 
 
The basic idea is that we have an inspectee who can 

choose whether to keep to the terms of some agreement 

or not and an inspector who can choose whether to in-

spect or not. The utilities (or payoffs) are as one might 

expect: 

 The inspectee benefits most if he violates and is not 

caught, but if he doesn't violate he can guarantee a 

certain payoff. 

 The inspector has to pay a fixed cost to inspect, and if 

he chooses not to inspect and the inspectee violates 

looses a certain amount. 

The situation is illustrated in figure 2. This basic sce-

nario is extended by considering multiple inspections, 

detection probabilities and other such refinements. 

These games have a wide variety of applications though 

the one that has historically received most attention is 

that of nuclear arms treaty violations. More recently at-

tention has shifted to intellectual property inspection but 

other examples include tax auditing, smuggling and envi-

ronmental control [3]. 

Figure 2  An simple example of an inspection game. 

Repeated Inspection Games 
 
In the case of inspections we are rarely interested in a 

one-time inspection: just about every example I cited 

above would in practice involve some element of repeti-

tion or time. Extending games in this manner is non-

trivial: it is not just a simple case of summing the utilities 

over multiple games; the strategies which players adopt 

can take account of how other players acted earlier. And 

in say nuclear treaty inspections the discovery of illegal 

materials could bring an immediate end to that game. 

A simplified version of a repeated inspection game I've 

studied is presented in figure 3. As you can see for even 

2 stages the increase in complexity is substantial; and of-

ten we will want to look at general “n-stage” games. 

We must also adapt our concepts of equilibrium to this 

new situation. One possibility is for each player to adopt 

a mixed strategy to be used in all stages of the game.  An-

other is to consider the use of higher level strategies that 

take into account what actions the other players have 

previously carried out. 

Figure 3  Part of a repeated inspection game. Here the 

game ends if a violation is discovered. This is only one 

possible scenario. Many of the features of the full model 

such as detection probability have been omitted for clar-

ity. 

Bounded Rationality 
 
One of the problems encountered in modelling finitely 

repeated games that results obtained often suggest that 

acting in the least cooperative manner is the best course 

of action. However this may result in lower payoffs for all 

players, than those which could have been obtained from 

more cooperative behaviour. One way of obtaining these 

more cooperative strategies is via infinitely repeated 

games, but while we may get the "right answer" we have a 

situation which is in practice unrealisable. 

An alternative technique draws on (algorithmic) com-

plexity theory to place bounds on the rationality of the 

player. We model their 

strategies across rounds 

using automata (like the 

one to the right) but 

place bounds on the size 

of the automaton. For the 

Repeated Prisoner’s Di-

lemma this can foster co-

operation [4]. I am in-

vestigating what effects are possible in the Repeated In-

spection Game. 

Evolutionary Game Theory 
 
The assumptions of rationality and perfect knowledge are 

frequently inappropriate; an alternative approach which 

assumes neither is that of evolutionary game theory. In-

stead of rational players who make decisions we have 

populations of organisms with certain frequencies of 

genotypes. Over time the relative fitness of the organisms 

determine reproductive success and thus changes in fre-

quencies of genotypes. The key equilibrium concept is 

now that of Evolutionary Stable Strategies [2], 

those that when dominant are resistant to invasion, or 

succinctly: invaders die out. 
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Collaboration with Warwick School of Law 
 
We will be working with Frank Wright from Warwick 

School of Law to examine the Health and Safety Execu-

tive’s current inspection strategies using Game Theoretic 

techniques. 
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Legislative Regimes 
 
Often when considering authorities such as governments 

we have to consider their ability to fundamentally alter 

the legislative regimes, not simply adjust fines and so on. 

In [5] an evolutionary game theoretic approach is used 

to study the effects of varying the legislative regime. 

The surprising conclusion is that under certain condi-

tions a 'low' amount of law can actually have superior re-

sults to a 'medium' amount. 

I plan to use a similar approach to investigate how 

changes in inspection regimes effect the outcome of in-

spection games. 
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