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Summary of thesis contents

The idea of modeling beliefs with probabilities comes from the assumption that we
can talk about degrees of beliefs—for instance, the belief that an apple falls after it is
released from a tree, that it might rain tomorrow, that a flip of a coin will land heads
or that a black box that actually contain only red balls has a green ball in it. These
beliefs come with different expectations, or as some say, you would be willing to bet
different amounts of money on each of these events. 7 ,

In cases where [ am not sure, I can say, for example, that I believe with
probability 95% that an event (say, that I will receive a Ph.D.) is happening/will
happen. A logic of degrees of beliefs helps us reason in a clear way about our beliefs.

If I believe it is going to rain tomorrow and I believe that bringing an umbrella
will keep me dry, then I should bring an umbrella. But we all see how often the
weather forecast misses its predictions. My rule could be that I bring an umbrella
only if it is going to rain with probability at least 80%; after all it is unpleasant to
carry an umbrella that is necessary.

It is also interesting to note that beliefs can be wrong, as our earlier belief about
the flatness of Earth was.

Either because our beliefs were wrong or because we were misinformed, we change
our minds during our interactions with others, For example, if I have a biased coin, I
could flip it enough many times and convince myself that it is more likely to land
tails. A magician’s performance is a good example of belief change. If I believed that a
magician had cut his assistant in half only to see her appearing on the other side of
the stage seconds after the box she entered was closed, then I could start considering
the impossible a possibility.

Processes that lead to changes are numerous. However, we can put them in two
different categories. The first category includes the changes that occur only in our
minds. This type of effect is often triggered by some announcement, either verbal or
signaled in some other way. For example, if you tell me you were born in Brazil, the
probability that I assign to the fact that you may speak Portuguese will increase.

Other changes modify the real world and consequently our beliefs. I believe I will
be safer in a car if I fasten my seat belt, for instance. Changing the world changes
our beliefs.

Also, there are changes in beliefs that are triggered by both types of changes at
the same time.

Dynamics of belief—how degrees of belief change—is an important theme of this
thesis. Among other things, I propose a formal language to express changes when we
are completely wrong in our beliefs and faced with true information that contradicts
them. With this language we can express beliefs after events that were considered
impossible (that had probability zero) happen.

This thesis applies the formal language presented to an analysis of a card game.
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Games offer a rich environment to describe with logic because of the intrinsic flow of
information and changes that they preseﬁt. The focus is exclusively on a game called
Algo, a card game created by the Japanese Sansu Olympic Committee.

The final chapter contains a program, written in Haskell, which automatically
plays Algo with customizable artificial intelligence (AI) players. The strategies are
expressed in the formal language, and each Al player carries its beliefs through the
plays. One could stop the game and ask a player what its beliefs are, for instance,
concerning its opponent’s hand or ask about higher-order beliefs, e.g., what is its
belief about its opponent’s beliefs concerning its own hand.

I sum up the accomplishments of the present work as follows:

The design of a formal language able to express conditional probabilistic beliefs.
2. The introduction of a language with dynamic operators to express flow of
information (announcements, events, and assignments).
3. The implementation and study of the card game Algo, expressing strategies with
the logical language developed in the thesis.

The literature on doxastic logics (logics of belief) has a number of different ways
of modeling beliefs of agents. One of the ways of expressing qualitative beliefs is
through probability theory. Popper-Renyi conditional probability theory, an
alternative approach to probability, is well-suited to dynamic languages and able to

express formulas expressing propositions of the form:

‘I believed that p had probability 0 of happening, but now that p has been announced

to be true, I believe in p with positive probability.

In this thesis, I define a language for expressing conditional probabilities, and a
system of axioms that is sound and complete for it. The proof of completeness for
some extensions for dynamics can be given by reduction axioms, another advantage of

using conditional probabilities,
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Summary of the results of the doctoral thesis screening
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