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DEFINITIONS OF “LIFE”



Theory vs. model vs. definition 



We are limited by a single example of life



Genetics-First versus Metabolism-First
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A formal definition is provided in [9,8], where we also introduced a polynomial-
time (in the size of the reaction set R) algorithm for finding RAF sets in a general
CRS Q = {X,R, C}. Figure 1 shows an example of an RAF set that was found by
our algorithm in an instance of the binary polymer model with parameter values
n = 5, t = 2, and p = 0.0045.
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Fig. 1 An example of an RAF set that was found by the RAF algorithm in an instance of the
binary polymer model. Molecule types are represented by black dots and reactions by white
boxes. Solid arrows indicate reactants and products coming in and out of a reaction, while
dashed arrows indicate catalysis. The food set is F = {0, 1, 00, 01, 10, 11}.

In [9] we showed computationally, and then proved theoretically in [15], that
only a linear growth rate in the level of catalysis f (i.e., the average number of
reactions catalyzed per molecule type) with the size of the largest molecules n,
su�ces to get RAF sets with high probability in instances of the binary polymer
model. Furthermore, the level of catalysis only needs to be roughly 1 < f < 2, i.e.,
between one and two reactions catalyzed per molecule (for n at least up to 20),
which is a chemically realistic number. In [8,10] we studied a variant of the binary
polymer model where catalysis is based on a more realistic template-matching
constraint. However, the main results from the basic model remain the same and,
moreover, can be mathematically predicted [10].

Finally, we note that the RAF sets that are found by our algorithm are what
we refer to as maximal RAF sets (maxRAFs). However, a maxRAF could possibly
consist of several smaller (independent or overlapping) subsets which themselves
are RAF sets (subRAFs). If such a subRAF cannot be reduced any further without
losing the RAF property, we refer to it as an irreducible RAF (irrRAF). In [9] we
presented an extension of the RAF algorithm to find one (arbitrary) irrRAF within
a given maxRAF. These notions of subRAFs are relevant for what follows below.
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Life as an information processing system
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ORIGIN OF LIFE CORRESPONDS TO A TRANSITION IN HOW
INFORMATION IS STORED, PROPAGATED, AND USED

“Focusing on information… may perhaps 
provide our best shot at uncovering universal 
laws of life that work not just for biological 
systems with known chemistry but also for 
putative artificial and alien life.”


