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IDSIA Talk 1

Introduction: General Goals, Method of Project

A Progress report on a system for Machine Learning that I've
been working on for many years.

System for ML: Able to learn to solve practically any kind of
problem, after having a reasonable "training sequence" to teach it to
solve problems of that kind. As the talk continues, it will become
clearer as to just what I mean by "Learning”, "Kinds of problems”,
"Solveable" and "Training Sequence."

T will describe the system briefly, to give a general picture of
how it works: then I will go over the sytem in more detail, telling
just how the parts work.

This will be followed by a discussion of extensions of the system,
present limitations of it and weak points in the present state of the
system.

The system starts out pretty much like a newborn baby - with very
little specific knowledge about its environment, but with some simple,
very general, *learning* algorithms and *problem solving* algorithms.

We give the machine some simple problems, which it solves easily. The
solution techniques for these problems are then integrated into its
problem solving Algorithms, so it can solve the next set of more difficult
problems. After it solves them, it again integrates the solution methods
into its problem solving Algorithms - So it can work even harder

problems - as we continue our training sequence of problems of increasing
difficulty, the system becomes capable of solving problems of greater and
greater difficulty.

A bit more detail: What kinds of problems does it solve: At first:
Two kinds - Inversion problems and Optimization problems.

Inversion problems. Given a function f defined by a specific computer
program. The program has input x and output f(x)=y. The Inversion
problem is given some "y" value, to find x such that f(x)=y. Here x and y
may be digital strings of symbols a/o numbers.

A simple example is f(x)=x"2: If f(x)=9, to find x, or
f(x) = sin x + x*2 + 1ln x; y=3.
A more complex example: given a theorem in Math, we are required to
find a proof of the theorem. We are also given an algorithm that is
able to look at any theorem and any string of symbols that represents
a proof of that theorem, the algorithm then says whether the string is
a valid proof for the theorem:

Alg{Theorem, Cand} 1 or 0 (Yes or No).

INVersion problems correspond to the P and NP problems of Comp.
Complexity Theory.

Another kind of‘problem, is the Time Limited Optimization problem.
The formal form of this problem: given a function whose input({s) are
strings and/or numbers. It's output is real numbers G{X}. To find in
10 seconds, say, an x such that G(X) is as big as possible. If we were
given 20 seconds, we could probably find an x with larger y. An example
would be to design in 6 months an automobile with certain characteristics,
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The formal form of this problem: given a function whose input(s) are
strings and/or numbers. It's output i1s real numbers G(X)Y. To find in
10 seconds, say, an x such that G(X) is as big as possible. If we were
given 20 seconds, we could probably find an x with larger y. An example
would be to design in 6 months an automobile with certain
characteristics,

having minimum code.

This is different from the optimization problems in which time is
not
specified, and we want the value x such that M(X})=max. In general for
most of the optimization problems we will work on, there will be no
knowable value of x for which f(x) is max - that in the specified time
we
will have to do as well as we can, but expending more time usually means
better optimization.

That talks about the problem class: As we continue, you will hear
more about the problem class.

The next question is "How does the system solve problems"? The
simplest version of the system uses a variety of "Blind Search" called
"Levin Search" or "Universal Search".

The way it works: say we are solving INVersion problems. Any
finite
binary string (which represents a computer program) is a "candidate for
solution". Lsearch uses a probability distribution to guide its search
over these candidates. Candidates with high probability are tried
first.
- But since we are interested in solving problems as soon as possible,
we
don't spend much time testing a particular candidate, unless it has high
probability.

Roughly speaking we test condidates in P/T order, P being
probability
of the candidate, and T being time needed to test it. Using Lsearch, if
a candidate has been given probability P and it takes time T to test it,
Lsearch will find the solution in total seach time T/P. If there is >
1 solution, it will find solution of *min* T/P)}.

Note: the probability distribution guiding the search, is a
*Conditional Probability Distribution*. So input to P.D. is problem
description. Output is list of candidates and associated probabilities
of each candidate.

P (problem description) (cand sub i, p sub i) in rough p sub 1
order.
The function P contains all of the problem solving skill of the system.
P will change as the system learns more and more.

Suppose the system has solved a few new problems. How do we modify
the system so that it is able to solve more difficult problems? We
modify
the Conditional Probability Distribution so that usally the solutions to
the new problemms are given higher probabilities than before. Since
solution time = T/P and T remains invariant for that particular
solution,
increasing P will decrease solution time.



Our method of modification of the Guiding Conditional Probability
Distribution will be dealt with more fully, after we discuss the
estimation
of probabilities.

The particular method of *probability estimation* we use is called
Algorithmic Probability. Suppose are doing sequential prediction: we
have a long binary sequence, S, and we want to know the relative
probability of the next symbol being 1 rather than 0. -

Let us assume that we know an apriori distribution on all possible
Binary strings. P(R) assigns a probability to each such string. Then
the relative probabilities of the continuations 1 or 0 will be
P(S1)/P(S0). This would solve the sequential prediction problem, if we
know P(R).

HOW TO FIND P(R)

For a heuristic understanding of what follows, consider Ockam's
idea:
That simpler hypotheses are more likely than complex ones. We will
guantify
this idea and describe some results on the accuracy of the resultant
system.

To quantify Ockam: Suppose B is a finite binary sequence. - Then
D sub B is "description” of B if M sub r(D sub B} = B.
Here M sub r is an algorithm or computing machine that is able to take
the
binary string D sub B as input, for which it gives B as output. D sub B
can be regarded as description of B in terms of Machine or function M
sub r.
I use the subscript r, because M sub r is to be regarded as a *reference
machine*. Clearly, by changing reference machines, the needed

descriptions

for B will change. The shortest description will be the one with fewest
bits. - containing least information. We could approximate the
probability

of B by 27-D sub B. For more accurate estimation, we use

Sigma sub i 2”-D sub Bi. (Also mention *theory revision*", Here

we are getting the total probability due to all possible descriptions of
B. We will call Sigma sub i 27-D sub Bi the Algorithmic probability
assigned to B by M sub r = p to the M sub r(B).

Thre are a couple of loose ends here: first, what reference
machine
to use for our *probability calculation*? There is a group of machines
called "Universal Machines”, that are particularly good for describing
things. They have the property that if we compare 2 of them, there will
always be a constant factor that tells how much they differ from one
another.

Two machines M1, M2 then P to the M1l (b) and P to the M2 (B) are
always with a constant factor Cl,2 of one another. This constant factor
depends on M1l and M2, but is independent of B. The constant factor can
be
guite large - so it usually makes a lot of difference as to what
reference machine one uses.

In our system for Machine Learning, we will be periodically
changing



distribution that guides searches for solutions to problems *is* an
induction problem. How is this so?

Consider all of the (problem description i, solution program i,
time 1)
triplets that have occurred this far. What we want is a bunch of
relatively short codes to describe all of this data. From a set of
codes
of this sort, we can then extrapolate the data to any new GPD sub 2
(problem, solution) -> probability distribution on Time to solution.
From GPD, it is possible by a process of integration, to create GPD sub
2
(problem, solution) -> probability that this is the fastest solution to
the problem.

This last distribution is the guiding distribution for our search
for
solutions to new problems.

I will now discuss Levin's universal search procedure: suppose I'm
in a Gambling house and there is a kind of lottery with a single large
prize. I am the only custaomer. Each lottery ticket has a certain
probability of winning - which is printed on the ticket. In the first
kind of lottery all tickets cost $1. The best ticket to get would be
one
with maximum win probability. If it doesn't win chose next largest -
and so on.

In the next case, each ticket costs a different amount of mcney,
(Pi, Mi) are the probability cost associated with the ith ticket type.
The best choice to make is the ticket with maximum Pi over Mi. You get
the maximum probability of winning, per dollar spent. If you continue
to buy tickets in Pi/Mi order you are certain to have least expected
money spent before winning.

The gambling house can be translated into a problem solving
environment. Instead of money for a trial, we spend TIME. The best
trial
to choose is one with maximum pi/ti.

Normally, in trying to solve problems, one may know pi, but one
doesn't know ti. In this case, a very good strategy is Levin's time
share
strategy - (which I think is likely to be the best possible}. The way
it
works: you work on all trials simultaneously, but you work harder on
trials with large pi values. The rate at which you work on trial i is
proportional to pi. Supppose we use this strategy and after a while the
jth trial gives a solution after spending a total time ti on it. Since
other trials have amounts of time spent on them proportional to their
pis the ith trial will have Pi/Pj, tj time spent on it.

The total time spent on all trials will be Sigma sub i Pi/Pj tj=
tj/pj sigma pi. Sigma pi will in general be 1. So the total time
needed to solve the problem this way is tj/pj.

So: this is Levin's time shared seach and I think it's as fast as
is
possible for the kinds of problems in which it is used - i.e. INVersion
problems.



This technigue can also be used for time limited optimization
preoblems.
In this case our trials are not programs that attempt to solve inversion
problems: They are *optimization techniques* each one takes as input,
the
problem description, G(X), the function to be maximized, and the time
available for solution. BAs before, we have a conditional probability
distribution, that looks at the problem description and assigns
probabilities
to various optimization techniques to be applied to that problem.

The way we do the search: say our time limit is T for some small
Ezuspend time tau times pi in the ith 0.T. and slowly increase tau. We
tizgk of the O0.T. that has best G value of all the 0.T's when tau pi = T
zg; OT, we stop spending time on that O0.T. When tau pi = T for any OT,
:iop spending time on that 0.T: When tau pi= t for the best 0.T., we
;Egg'is our best value. Total time =< Sigma tau pi = tau sigma pi = tau

tau = T/pi, so time to obtain best solution in time T, is T/pi, so we
have
efficiency factor of i/pi - as we did for INV problems.
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the reference machine as a way to accomodate new things that the system
has learned.

Second: The method of computing probabilities of strings may seem
a
bit arbitrary, - and for several years after I thought of this method,
I wasn't sure it would work - wasn't sure about the details of the
method.
However, I finally did work out a proof that the system was very
accurate
is estimating probabilities from empirical data.

Third: It turns out that if we use a universal reference machine,
Sigma sub i 27-D sub Bi is not computable in a finite emount of
time. We can't even be sure that we've found the shortest code for B!
The reason is *not* so much that we can't try all possible codes: -
Very long cods don't contribute much to the sum. The main problem is
that there are certain short srings that one put into the machine, and
the machine runs and runs, and after a long time, we still don't know
if it will output B and stop - and there is no sure way to tell.
That Algorithmic Probabilitiy is incomputable may seem like a strong
argument against it - but it is *not* - this incomutability is an
essential part of probability - of science itself.

The short codes that contribute most to the Sigma sub i 2%
-D sub Bi correspond to string regularities in the data. Consider the
string (01)~1024. We can easily program a machine to write that
sequence
by simply telling it to write 01 , 1024 times - which takes 2 bits to
say "01" and 10 bits to say 1024 plus a few other bits - a vast
compression
over the 2048 bits in the original string.

In general in science, when you have a batch of data and you are
looking for regularities in the data to be used for prediction - you can
never be sure that spending 10 more minutes hunting for regularities
could
not give one much better than the best you've found yet.

The corresponding thing occurs with sequences that seem to be
"RANDOM"
- i.e. no descernable regularities. It is believed by many, that stock
market prices are random - yet there is no finite amount of
investigation
that could be convincing on this question. On the other hand, once a
strong regularity is found, it becomes very unlikely that the sequence
is
random.

The problem of induction is to obtain good approximations to

infinity over Sigma sub (i=1l) 2~(1li). This is done by (Sigma sub i
2~ (1i)
summing over not all of the codes). P' is an approximation to P. The

more codes one find, the closer P' is to P. To maximaize P' by finding
as many codes as possible in the available time, is a time limited
optimization problem. It is equivalent to having a minimum error (i.e.
P-P') in one's estimate, P'.

The inductive inference problem and its solution as a time limited
optimization problem are very important in the learning System tkat I'm
describing. One reason is that the problem of updating the probability
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