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Balance is prevalent: most phenomena find themselves sustainable far from extremes. This
is reflected in myths, sayings, and wisdom from many cultures, ancient and modern.

The “edge of chaos” concept is one example of balance (between order and chaos) [1] (see
Fig. 1). But there are other examples of balance beyond phase transitions and criticality.
Guided self-organization [2] can be seen as a method for driving systems towards balance.

The slower-is-faster effect [3] was first described around the turn of the century modeling
crowd dynamics. When evacuating a room, if people try to exit too quickly — perhaps because of
panic — then they will push each other and actually evacuate more slowly than if people remain
calm. Similarly, in highway traffic, cars trying to go too fast will produce traffic jams, leading to
slower speeds than if all vehicles try to go not as fast. The key is to avoid the phase transition
from free-flow to congested traffic. However, this phase transition shifts with density, so the
“optimal” speed that maximizes flow changes with the total number of vehicles. Many other
phenomena in a variety of domains exhibit the slower-is-faster effect, ranging from algorithmic
search to natural resource management; stock trading to adiabatic quantum computing; opinion
formation to trophic networks.

Complex systems tend to a balance between robustness and adaptability. And we usually
try to guide systems towards that balance [1, 4]. In other words, systems should at the same
time resist perturbations and change in face of perturbations. However, some systems can also
benefit from perturbations, also known as “antifragile” [5]. If a system is already “balanced”
(critical), then noise would push it into exhibiting chaotic dynamics. Thus, antifragile systems
will be those that exhibit ordered dynamics without noise and critical dynamics with noise.
Therefore, the “optimal antifragility” of a system will vary with the noise it is exposed to. This
shift in the phase transition is similar as the one observed in the slower-is-faster effect.

Network science [6] has shown extensively the benefits of (quasi) scale-free distributions.
These can be seen as a structural balance, where few elements have many interactions and
many elements have few interactions. This balance avoids the extremes (and drawbacks) of
homogeneous distributions (all elements are similar) and highly skewed distributions (one has
everything, the rest has barely anything).

Recently, we have found that a broad variety of phenomena exhibit universality in their rank
dynamics [7]. In general, “important” elements (those at the top of a ranking) change slower
than less relevant elements. Why? My hypothesis is that this gives at the same time robustness
and adaptivity to systems that are not necessarily close to a phase transition. And it makes
sense that the important elements are the robust (slow) ones, while the less relevant elements
are the adaptive (fast) ones.
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Figure 1: A balance can be observed between ordered and chaotic phases, achieving the benefits
of both extremes.

To test this hypothesis, we have work in progress that is showing that temporal and func-
tional heterogeneities — as well as structural heterogeneity — “expand” critical-like dynamics
beyond the well-known phase transition of random Boolean networks. Also, preliminary results
applying temporal heterogeneity to different search algorithms indicate that speed and accuracy
can be improved without prior knowledge of a search space [8]. We are also defining analyti-
cally when heterogeneity is better and when homogeneity should be preferred (using Jensen’s
inequality). The main conclusion is that balance is promoted by heterogeneity [9].

As we have seen, the balance narrative encompasses several concepts that have been studied
separately. From an evolutionary perspective, balance offers advantages, and there are different
mechanisms that can lead to balance. In this way, balance, and complexity, should be expected
in the evolution of our universe and our biosphere. A better understanding of these mechanisms
should provide us with tools for building more balanced systems, that are aligned with the
natural dynamics of our environment.
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