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Introduction
This draft report explains why evolution has a component that accelerates itself exponentially, in the
strict mathematical sense of “exponential”, and some implications of this. One implication is that a 
code is not needed at the start of life.

This report was partially inspired by [Evolution 2.0], and therefore I used “Evolution 3.0” as my 
internal name of this. :-)

This report is based on ideas written down on August 6th, 2016 in my morning Renaissance time. 
Some of these ideas where longer in my mind before. (some of which even before reading
[Evolution 2.0]). But in my Renaissance time, I have dug much deeper. By writing this report, even 
more insights came to me.

1/8



This report assumes that the reader has some knowledge of engineering and science.
It helps if the books [Evolution 2.0] and [Seven Clues] have been read.

My professional background is computer science which fits nicely in the information theory 
foundation of evolution.

Thanks to Perry Marshall for writing [Evolution 2.0] and for the “30-day reboot”. Both were 
essential for writing this report.

Speed and Creativity of Evolution
The speed and creativity of evolution depends on the power of the evolutionary toolbox. The 
evolutionary toolbox is described well in Perry’s book  [Evolution 2.0].

Toolbox is Subject to Evolution → Exponential Growth
The essential epiphany is that the evolutionary toolbox is itself subject to evolution.1 

This creates a positive feedback loop2 that can be expressed as a differential equation, which clearly
has exponential growth of the evolutionary power as its solution.3

Different kinds of Progress
By looking more closely, it became evident that there are two different kinds of progress. (And 
these two types of progress interact in an interesting way, as we’ll show later).
The two kinds of progress are:

• Progress which directly improves competitiveness for survival.

• Progress which improves the evolutionary toolbox.

(This indirectly improves competitiveness for survival by enabling more, better and faster 
progress of the first type, down the road.)

This has several consequences as shown below:

Competition between Toolbox-improving Genomes and 
Survival-Improving Genomes
Not all toolbox-improving mutations are successful.

1 Obviously, a better evolutionary toolbox is a competitive advantage because it enables a species to evolve faster, 
and to adapt faster to new challenges. Therefore, the species with a weaker evolutionary toolbox will go extinct 
over time. Therefore the power of the evolutionary toolbox increases over time in the whole ecosystem.

2 I was aware of this feedback loop for quite some time, but didn’t do anything with it, until I read [Evolution 2.0].
3 This is true if we assume that there is a roughly linear relationship between evolutionary power and evolutionary 

speed. Which we can trivially assume if we define evolutionary power as the inverse of the average time that it 
takes to solve specific challenges.
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Here’s why: An individual with a toolbox-improving genome also needs to survive short term, 
and create offspring.

This has several consequences:

• Toolbox-improving genomes and survival-improving genomes compete with each other.
• In the long run, a toolbox-improving genome will win if it is not extincted short term by a 

competing survival-improving genome.
• The probability of such an extinction is lower if individuals are more separated. “More 

separated” means that they interact with fewer other individuals over their lifetime.
Separation may be spacial or temporal.

• If a toolbox-improving change at the same time reduces direct competitiveness, it is more 
likely to die out.

• If there are much more possible values for genomes that improve direct competitiveness, 
then the values that improve the toolbox might not have a chance because the former are 
likely found first. 

Application to Business
In business and personal life we know this as the problem that long-term effective stuff risks to 
never get done because there are competing short-term challenges that need to be addressed quickly.
(30-day-reboot creates time and triggers long-term effective stuff. That’s its real power.)

We also learn that too much competition moves (almost) everybody into short-term survival mode. 
Therefore, there won’t be those massive breakthroughs that would only be possible by working on 
the meta level.

Implications for the Origin of Life
Extrapolating Exponential Growth into the past tells us that the origin of life could have been 
extremely simple. With exponential growth working for a few billion years, the start can be 
extremely primitive and still lead to the forms of life that we see today.

The evolutionary toolbox as we know it today is the result of evolution itself. Therefore, at the 
origin of life, the toolbox was much more primitive.

How primitive? We don’t know, but there are some hints:

How Simple Could the Start of Life have been?

Non-DNA Information medium (Clay minerals?)
Possibly, it did not even use DNA as its information medium. DNA + Ribosomes is a very complex,
high-tech mechanism. This mechanism could have been created by pre-DNA life-forms that have 
evolved far enough to create the high-tech solution DNA.
One possibility, i.e., clay minerals as information medium, is described in  [Seven Clues].
Clay as origin of life is also interesting because the Bible contains hints to it. (Gen 2,7,  Gen 2,19)

Other sources consider RNA or other molecules.
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How could the Initial Information have been Created?
The exponential evolution must have been started with a system that was capable to create at least 
one toolbox-improving change.

After a few (or even one) toolbox-improving change we leave the realm of the initial system 
because exponential growth of evolutionary power kicks in. 

So, how could the initial system have been created?

• One possibility is direct creation by god.

• But maybe, god likes to work on meta level, i.e., creating systems that do the work, instead 

of doing the work himself? (maybe nudging the system in the right direction from time to 
time if it starts to develop in an undesirable direction…)

So, another possibility is a system that nature can do itself such as randomized testing.

Therefore, here we are looking at whether systematic testing with a randomized algorithm4 could 
have been a viable candidate for the initial system?

Is Randomized Testing Sufficient for Starting this Exponential 
Process?
We cannot directly answer this question, but we can reduce this to another question which might be 
easier to answer:

But, before that, let’s do some analysis:

Randomized Testing in Large vs Small Genomes
Perry clearly shows in [Evolution 2.0] that random mutations are destructive in a large genome 
because individual mutations cannot be protected from other mutations. 

But, randomized testing could work on a very small genome. The genome would need to be small 
enough so that systematic testing of essentially all possible genomes up to a certain size would lead 
to results. In nature, this systematic testing would be done in a randomized way.

If many different genomes up to a certain size lead to progress, then the process will only need to 
test so many genomes that at least one useful genome is found.

Now, the questions are: 

• How small must this genome be for randomized search to work?

• Is there a possibility that such a small genome triggers evolution?

4 Randomized algorithms are an active research topic in computer science for a long time now, and they are quite 
popular in certain areas where randomized algorithms can be proved to have better average performance than 
deterministic algorithms.
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Please note that larger genomes start to be feasible after an initial toolbox-improving genome 
have been found. Because we leave the realm of randomized testing as soon as the first tools of
the evolutionary toolbox are in place. Then exponential growth of evolutionary power can 
kick in.

How small must a Genome be for Randomized Testing to 
Work?
Let’s switch to mathematics now:

Let

• s ... the maximum size (in bits) of genomes under our consideration.

• a(s) ... the number of all possible values of genomes with size ≤ s. 

a is a function of s, i.e., a(s) ≈ 2s+1

Here’s why: For size = s it would be 2s but we need to take into account smaller genomes, 
too, which leads to 2s + 2s-1 + 2s-2 + … which is approximately 2*2s and this is 2s+1

• f(s) ... number of all possible values of genomes with size ≤ s, which improve the toolbox 

and have a chance of survival until the exponential effect of the improved toolbox kicks in.

• p(s) = f(s)/a(s) ... Probability that a randomly selected genome improves the toolbox.

• t(s) = 1/p(s) = a(s)/f(s) ... Number of possibilities that have to be tested on average to 

achieve a lasting improvement of the toolbox.5 

Therefore we can redefine the origin-of-life question as follows:
If we can show that randomized testing can find at least one toolbox-improving genome in a  
natural environment, then we’ll have found a possible origin of life.

Of these numbers, f(s) is most difficult to find out. But we don’t need to do that as I’ll show later.

There is one Important Constraint

Obviously, there is an upper bound for the number of tests t(s) that can be performed in a certain 
environment. This upper bound depends on the size of the environment, the rate at which random 
samples are created, and the time-span allowed. 

To be feasible on planet earth, t(s) should be smaller than, say, 1012.  6 1012 is roughly 240.  7

Therefore, our constraint is: t(s) ≤ 240.

Genome Size

The question is, is there a number s where this formula is true in a natural environment?

5 Maybe it’s by a factor 2 smaller, but this is not important here. We are computing in orders of magnitude here.
6 I wanted to write 109  but intuition told me 1012 which still sounds reasonable. Maybe the number is even higher?
7 Base 2 is more convenient for computing the number of bits.
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In the worst case, the maximum size of the genome is 39 bits.8

f is an unknown function of genome size, and t is defined using f. If we knew this function we could
compute the maximum possible genome size for the initial system. But we only need to know 
whether f is non-zero for feasible genome sizes, if we are lucky:

Possibility for Direct Proof9

There is a possibility for direct proof:

• Let’s assume that we can engineer one specific genome with size ≤ s that improves the 

evolutionary toolbox beyond randomized testing, and has at least average survival power in 
the initial environment.
(i.e. this genome will have a fair chance to survive long enough to start exponential 
evolution.)

• This would prove that f(s) ≥ 1. We don’t need the exact value of f(s). Showing that it is non-

zero is sufficient.

• Then t(s) = a(s)/f(s) ≤ a(s). 

If a(s) ≤ 240 then constraint t(s) ≤ 240 is fulfilled as long as f(s) ≥ 1.
Since a(s) ≈ 2s+1 we have s ≤ 39 as a constraint for s.

Therefore, if we can engineer a genome with size of roughly 39 bits or less, and if this genome 
improves the evolutionary toolbox beyond random mutation, then this proves that life could 
have self-started in a natural environment. The genome would have to be based on a natural 
information medium that could have existed in a large enough quantity back then.

It is OK to engineer such a genome for the proof. If it fulfills the size constraint, it could have also 
been found by randomized testing. Engineering such a genome may simply be an easier method to 
prove it.

Is it Possible to Provide this Kind of Proof?
I don’t know whether this is possible.

It is highly unlikely that this is possible with an information system using DNA based protein 
synthesis because the machinery (ribosomes) is more complex than 39 bits.

But it could be possible with another information medium such as clay minerals or RNA. Clay 
minerals have a built-in, natural copy machinery using crystal growth. Therefore the copy 
machinery itself does not use any space in the genome.

8 We have a(s) ≈ 2s+1 . The “+1” in the exponent causes us to get 39 bits instead of 40 bits as the worst case for the 
maximum allowed genome size.

9 Proof means to prove that life could have been started this way. We cannot prove how it actually started.
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Any other natural information medium with built-in copy machinery will also do, if the information 
stored in this medium does have some effect on the environment. Such as acting as catalyst for 
chemical reactions or similar things.

Life Without Code?
I am aware that crystal growth does not involve a code. (nor do any other natural mediums with 
built-in copy machinery involve a code, as far as I know.) 

Rather, the information medium directly interacts with the environment by catalyzing chemical 
reactions or similar things.

But, if exponential evolution is started by some improvement of the initial evolutionary toolbox of 
clay, then this will eventually create a code. Reason: Using a code is a very powerful solution to the 
engineering problems that life and evolution face. So, a code will be created some time by 
exponential evolution. This is like all fast moving water animals have a streamlined, fish-like shape.

Therefore, using a code is not a prerequisite for evolution. It merely is a powerful tool in the 
evolutionary toolbox.

Technical Applications / Potential for Patenting Ideas 
contained in this Report

Feedback Loop of the Evolutionary Toolbox
The key insight in this report is the feedback loop of the evolutionary toolbox, leading to 
exponential evolution.

If a similar feedback loop can be engineered in a technical system, it will be able to evolve itself 
fast and far.

For a technical application, the initial device can be engineered by humans, and can be complex. 
(No need for a naturally occurring start condition. That is only interesting for answering the origin 
of life question.)

The whole thing can even be a software running on a computer.

No Code needed at the Start / The Initial Device can be Simple
Another insight is that the initial system may not need to have a code. But a code is likely to be 
developed by the system down the road. That is, the initial device can be simple as long as the 
feedback loop is in place.
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Spiritual Implications If Life Could have Started with 
Randomized Testing
I think that there won’t be any serious spiritual implications if we can show that life could have self-
started with randomized testing.

For several reasons:

• Creating a universe that can self-start life, is clearly a work of a genius.

• Even if life could have self-started, this is not a proof that it really started itself.

• The distinction between the universe and god might be purely academic. So, if the universe 

has started life, this may still be synonymous to saying that god has started life.

• God and other spiritual entities may still influence the system. Especially at all points that 

involve so-called “randomness”.

• Our image of god may change. But hey, one point of science is to reverse engineer god so 

we can know him better. ;-)
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