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Universal Resilience Patterns in Complex Networks—Analysis of the 

Paper by Gao, Barzel, and Barabási 

Vincent Vesterby 

 

ABSTRACT 

The purpose here is to see if the paper, Universal Resilience Patterns in Complex 

Networks (Gao, Barzel, and Barabási 2016), can allow “one to think about complexity 

differently along a path to perhaps suggest modeling applications for real system[s] 

(simplified models of them not actual systems) in the future.” The paper is analyzed 

using the intrinsic nature of complexity—quantity and diversity of components and 

relations, together resulting in complexity of pattern-of-organization of structure and 

processes. The analysis is further developed by way of knowledge drawn from general 

systems, for example factor-development. At issue is whether or not there is an adequate 

match between the model or formulation presented in the paper and the real-world 

complex systems to which it is intended to apply. 

 

 

INTRODUCTION 

The validity and utility of the analytical tools proposed in this paper—for identifying 

universal resilience patterns—rests on the differences between systems that are complex, 

such as water, but that are still relatively simple compared to systems that are highly 

complex, such as a living cell, a tree, a horse, a culture/social-system, a modern economy, 

or a natural ecosystem. Relatively simple complex systems are quantitatively complex. 

Highly complex systems are qualitatively complex. Highly complex systems (with high 

diversity of components and relations) are qualitatively different from relatively simple 

complex systems (with low diversity of components and relations). 

 

It appears that the analytical tools presented in this paper do not bridge the qualitative gap 

between the complexity of simpler complex systems and the complexity of highly 

complex systems. As a consequence, these analytical tools do not bridge the gap between 

the tools themselves and real-world highly complex systems. 

 

What these researchers are trying to do with their project is to transform the type of 

complexity typical of highly complex systems (qualitative) into the type of complexity 

typical of the simpler systems (quantitative). They are trying to simplify one type of 

complexity (a type that is currently not amendable to mathematical analysis) into a 

different kind of complexity (a type that is amendable to mathematical analysis). 

 

These researchers have an interesting, well worked-out project. The dynamic model or 

formulation they have created clearly works—as a model or formulation. There are, 

however, two problems—first simplification, and second the inherent limitation of a 

mathematical model to adequately represent qualitative factors. Both problems result in a 

mismatch between what the analytical tools do and what real-world highly complex 

systems do. 
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WHAT IS COMPLEXITY? 

Complexity is quantity and diversity of components and relations, together resulting in 

complexity of pattern-of-organization of structure and processes. Any increase in these 

interrelated factors will increase the complexity of the situation. There are differences in 

the type of complexity that develops depending on which of these four factors of 

complexity increases. When quantity of components and quantity of relations increase 

without significant increase of diversity of components and relations, the system develops 

quantitative complexity. Liquids and gases are examples. When diversity of components 

and relations increases, the system develops qualitative complexity. Volcanic magmas, 

living systems, social systems, and ecosystems are examples of qualitative complexity. 

 

In general, increases in the quantity of components lead to systems that are less complex 

than the systems that result from increases in diversity of components. Quantitative 

complexity is simpler in nature than qualitative complexity. This occurs because systems 

with fewer types of components generally have fewer types of relations, while systems 

with more types of components have more types of relations. A system with only one or a 

few types of components is limited in the possible diversity of relations. A system with 

many types of components can have much greater diversity of relations. 

 

Water is a simple type of complex system with few types of components and few 

resulting types of relations. Living cells and ecosystems are highly complex types of 

systems with great diversity of components and tremendous diversity of resulting types of 

relations. 

 

In simple complex systems each type of component and each type of relation occurs in 

large quantity. These systems are quantitatively complex due to quantity of components 

and relations, yet simple in the patterns-of-organization of the components and relations. 

 

In highly complex systems each type of component and each type of relation generally 

have relatively fewer occurrences throughout the system. These systems are qualitatively 

complex due to diversity of components and relations, and can have intricate patterns-of-

organization of the components and relations. 

 

THE RELATION OF COMPLEXITY TO RESILIENCE 

Because the simpler complex systems can have one or a few types of components that 

occur throughout the system, with the corresponding few types of relations also occurring 

throughout the system, there can emerge qualities of the system as a whole—for example 

the temperature of water. (Vesterby 2013, 7) In highly complex systems there is a great 

deal more to the situation.  

 

A distinction between systems that are quantitatively complex and systems that are 

qualitatively complex is that systems with relatively low diversity of components and 

relations also have fewer levels of hierarchic organization, while the greater the diversity 

of components and relations, the greater is the capacity of the system to develop more 

levels of hierarchic organization. 
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Both the simpler complex systems, like a body of water, and the highly complex systems, 

like an animal or a forest ecosystem, are composed of atoms and molecules. The factors 

responsible for temperature occur at the level of atoms and molecules. Thus both the 

simpler complex systems and the highly complex systems can have emergent qualities of 

the system as a whole, such as temperature.  

 

Atoms and molecules are hierarchically low level components of complex systems. Thus 

temperature is a quality resulting from low levels in the hierarchic organization of a 

system. Systems that are quantitatively complex do not have much hierarchic 

organization above the level of molecules. Systems that are qualitatively complex can 

have many hierarchic levels above that of molecules, that is, qualitatively complex 

systems can have many hierarchic levels above the levels where the processes result in 

temperature. 

 

In systems with few hierarchic levels, quantitative factors play the predominant roles in 

determining the intrinsic nature of the system. In systems with many hierarchic levels, 

qualitative factors that occur in the higher levels play the predominant roles that 

determine what the system is. 

 

In highly complex systems the factors that play roles in the resilience of the system occur 

predominately in the higher levels of the hierarchic organization of the system—that is 

they occur at levels of system organization where qualitative relations predominate over 

quantitative relations. In highly complex systems, qualitative factors play significant roles 

in the nature of the resilience of the system. 

 
SIMPLIFICATION 

The problem with simplification is that tools that attempt to simplify complexity tend to 

lose their relevance to highly complex systems. 

 

That appears to be the case with this attempt to find universal resilience patterns by 

simplifying highly complex systems. There are two stages of simplification here. First is 

the reduction of the diversity of different types of relations to one type of relation—

influence. The second is when the weights of the links are averaged. 

 

The researchers begin with the recognition that the tools for simpler systems are not 

adequate for highly complex systems.  

 

 “. . . the current analytical framework of resilience is designed to treat low-dimensional 

models with a few interacting components
7
, and is unsuitable for multi-dimensional 

systems consisting of a large number of components that interact through a complex 

network.” (p. 307) 

 

They then discuss a better formulation that can deal with multidimensional systems, but 

which cannot be treated analytically. 
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“Hence, instead of a 1D function f(β, x), characterized by a single parameter β, their state 

should be described by a network of coupled nonlinear equations that capture the 

interactions between the system’s many components, and account for the complex 

interplay between the system’s dynamics and changes in the underlying network 

topology
6,12

. The resulting resilience function is therefore a multi-dimensional manifold 

over the complex parameter space characterizing the system (Fig. 1d–f), which, using the 

current tools, cannot be treated analytically.“ (p. 307) 

 

Then, “. . . we overcome these longstanding limitations by developing a general network-

based theoretical framework that allows us to explore and predict the multiple roots and 

dimensions of resilience, exposing crucial determinants of resilience loss . . .” (p. 307) 

 

The network-based part of this theoretical framework appears to be a network influence 

diagram similar to that used successfully in systems dynamics. 

 

“In a network environment, the state of each node is affected by the state of its immediate 

neighbours.” (p. 308) 

 

The simplification that occurs here is transforming into simple influence all the diversity 

of different ways components of real systems affect one another. Simplified in this way 

the affects, the links between the components, can be weighted and treated quantitatively. 

 

Reduction of the diversity of relations, while a simplification, does maintain a reduced 

but still real relation to real-world systems. Systems have components, and components 

influence one another. When the diversity of relations is reduced to simple weighted 

influence relations, there is still representation of the components and the overall pattern 

of their organization, and the overall pattern of their influence on each other. Thus, 

reduction to an influence diagram maintains some representation of complexity by having 

representations of the components and relations. 

 

This can work to some degree with the simpler (quantitative type) complex systems 

where all, or most, of the relations are of the same kind. But it does not work with a 

highly complex system, where the influences are of different kinds, because it loses the 

diversity of the components and the diversity of the relations, and thereby loses the roles 

diversity itself plays in the system, in particular the roles diversity plays in resilience. 

Due to the loss of diversity, this general network-based theoretical framework no longer 

represents the intrinsic nature of a highly complex system. 

 

Then a factor is introduced which to various degrees disconnects the formulation from 

reality. 

 

“Therefore, we characterize the effective state of the system using the average nearest-

neighbour activity.” (p. 308) 

 

While the average rate or quantity of interaction between components may play a role in 

some processes of some systems, there are other kinds of relations where the average 
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does not play a role. As one type of example, some relations are accumulative where the 

overall quantity is the factor that determines the effect on the adjacent component. In 

some accumulative relations there is a role for a transformation-point, a threshold, where 

the accumulation results in an abrupt transformation of some type in the structure or 

processes of the component that is affected by the relation. In other situations the relation 

it is simply the quantity that determines the quantity of effect. 

 

Treating all the interrelations of a system as average nearest-neighbour activity is an 

unrealistic simplification. But it does what they need it to do given the inadequacy of the 

available mathematical tools. At this stage they can revert to the tools appropriate for 

simpler complex systems. 

 

“As we show in Supplementary Information section I, if Aij has not much degree  

correlation, the variable xeff in equation (6) allows us to reduce the multi-dimensional 

equation (4) to an effective 1D [1 dimensional] equation” (p. 108) 

 

“Such mapping of equation (4) to the 1D equation (7) allows us to take advantage of the 

theoretical tools developed for low-dimensional systems and apply them to a broad range 

of complex systems.”  (p. 309) 

 

“To illustrate the power of our formalism we apply it to the mutualistic networks of Fig. 

2. Reducing the multi-dimensional equation (5) to the form of equation (9) we arrive at 

the 1D equation (Supplementary Information section II) . . . “ (p. 309) 

 

The authors use an analogy with water. Water is an example of a relatively simple form 

of complexity. Water is complex in a quantitative manner. It has (1) high quantity of 

components, (2) very low diversity of components, (3) high quantity of relations, and (4) 

low diversity of relations. The intrinsic pattern-of-organization of water is relatively 

simple. 

 

A simple complex system with these qualities can have a system-wide quality, in the case 

of water its temperature. Throughout a body of water the molecules are in motion, 

constantly colliding with one another. There is considerable variation in the speeds of the 

molecules, and consequently a corresponding variation in the intensity of the collisions 

between them. 

 

A thermometer in a body of water will have the water molecules colliding with it, 

transferring force into the thermometer. Because water molecules moving at all the 

various speeds are colliding with the thermometer, it is subjected overall to the average 

intensity of collision, which the mechanism of the instrument transfers to a fluid in a 

graduated channel or to a needle over a graduated dial. The diversity of all the different 

speeds of the water molecules gets averaged by the mechanism of the thermometer. The 

water has a pattern-of-organization of its processes that averages when it interacts with an 

appropriately structured instrument. It is possible to take the temperature of a body of 

water, an organism, or a forest, at the hierarchically low molecular level, with appropriate 

types of thermometers. 
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What the authors of this paper are trying to do is reduce the qualitative complexity that 

occurs at higher levels of hierarchic organization down to a form of quantitative 

complexity similar to that of the lower hierarchic levels. This process loses the resilience 

roles of the qualitative factors of the higher hierarchic levels. 

 

General systems understanding clarifies why. The general systems knowledge that is 

relevant here is factor development. 

 

There are factors (patterns-of-organization of structure and process) that occur in and 

play roles in the intrinsic nature of diverse types of situations and systems. These 

patterns-of-organization, isomorphies, tend to occur in simpler forms in simple situations 

where there are few other factors playing roles, and tend to occur in more complex 

developed forms in more complex situations where more other factors are playing roles. 

 

Influence is one of these factors, one of these isomorphies. It is a pattern-of-organization 

that can occur as a causal relation wherein one component of a system causes a change in 

another component of that system. This occurs when one water molecule collides with 

another water molecule and changes the speed and the direction of motion of that second 

molecule, and it also occurs when a bee collecting pollen and nectar from flowers 

pollinates the flowers. 

 

When water molecules bump into one another, resulting in the temperature of the water, 

all the influence relations are essentially of the same type. When the factors of a highly 

complex system interact with one another, resulting in the resilience qualities of that 

system, those interactions are of qualitatively diverse types. 

 

The hierarchically low level collisions between water molecules are a very simple type of 

interrelation. The hierarchically high level interactions that result in resilience of highly 

complex systems are not only diverse in the types of interactions, they are also diverse in 

the degree of their individual intrinsic complexity. 

 

When an isomorphic pattern-of-organization of structure and/or process occurs at both 

low levels and at higher levels within a system, the instances at the higher levels are more 

complex than the instances at the lower levels. Thus the influence relations that occur 

with the temperature of water, organisms, and ecosystems are simple compared to the 

influence relations that occur with the processes of resilience in more complex systems. 

 

Influence relations occur at both the lower levels and at the higher levels, but because the 

influence relations at the higher levels are more complex—more developed—they can be 

quite different. Usually in influence diagrams the links represent quantitative relations—

more or less of one thing results in more or less of something else. In highly complex 

systems, though, an influence relation can result in a change in the pattern-of-

organization of structure and/or process of the factor that gets influenced—a change in its 

intrinsic nature, a change of what it is—rather than a change in how much of it there is. 
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In summary, trying to reduce the influence relations of higher, more complex, levels 

down to the type of simpler influence relations of lower levels is an inappropriate 

procedure for the analysis of resilience factors that occur at the higher levels. This is 

because trying to reduce higher level qualities (developed isomorphies) to lower level 

qualities (undeveloped isomorphies)  loses the higher level patterns-of-organization, and 

the roles those higher level patterns play in the system. It loses the patterns-of-

organization that are emergent at and play emergent roles at the higher levels. (Vesterby 

2013, 7) 

 

When it is a matter of averaging the influence between colliding water molecules, it is 

like averaging a bunch of apples. When averaging the influence between high level 

factors responsible for highly complex system resilience, it is like trying to average 

apples and oranges, and pumpkins, strawberries, green beans, vanilla beans, mushrooms, 

cherries, rhizomes, and fern spores. That kind of diversity does not average in real-world 

systems. 

 

Averaging the influence links loses representation of components and relations, and 

replaces them with something that does not exist in the real-world system. The resilience 

factor that occurs in the dynamic model is artificial. It is in the model, in the analytical 

tools, but it is not in the natural ecosystem. Because this averaging is a step in the 

analytical tools that does not correspond to the structure and processes of highly complex 

systems, a mismatch occurs between what the authors are aiming at and what they 

actually achieve. 

 

Simplification of highly complex systems is the wrong approach. 

 

INADEQUACIES  OF MATH FOR MODELLING QUALITATIVE FACTORS 

The formulation that produces the single universal resilience function is mathematical in 

nature. It is based on quantities and relations between quantities. While some of the 

relations between those quantities are based on qualitative factors, such as the network 

diagrams, the math itself cannot represent qualitative relations. 

 

Highly complex systems are highly complex both quantitatively and qualitatively. The 

mathematics can only capture the quantitative features of a natural system, with the 

qualitative features inserted into the model manually, so to speak, by way of knowledge 

and understanding of the natural system. The idea that it is possible to reduce a highly 

complex system such that the mathematical tools appropriate for simpler complex 

systems can be correctly applied to it indicates an inadequate understanding of the actual 

nature of highly complex systems, and the difference between them and the intrinsic 

nature of the simpler complex systems. This leads to a mismatch between how the 

analytical tools are constructed and the actual intrinsic nature of highly complex systems. 

 

There is another problem mathematical models have for representing natural systems. 

Math is rule-based—natural systems are causally based. Even though cause has a 

quantitative component in its occurrence, for example quantity of force, cause itself is a 

qualitative factor. The math can model how much force occurs, and it can model how 



8 

 

much effect that force has, but it cannot model in what form the force occurs or what kind 

of effect it has, which are qualitative aspects of cause. 

 

What drives a mathematical model or analytical tool is fundamentally different from what 

drives the processes of natural systems. This mismatch between the nature of 

mathematical models and tools and the nature of natural systems is particularly difficult 

to overcome. 

 

CONCLUSION 

While the analytical tool appears to do all the authors say it does, as a formulation, as a 

mathematical construct, it does not relate in a realistic manner to natural highly complex 

systems. Because the universal resilience pattern described in this paper is based on 

averaging the simplified influence links, it is an artifact of the formulation that does not 

have a reality-referent in real-world highly complex systems. These real-world systems 

do not simplify and average the hierarchically higher level qualitative relations that play 

roles in the resilience of these systems. 

 

The impression is that it is all about artificial networks and the associated math, and not 

actually about real-world systems. For example, ”In summary, the resilience pattern of a 

complex system is effectively unpredictable in the natural (x, Aij) state parameter space. 

Once, however, we map the system into β-space we can accurately predict the system’s 

response to diverse perturbations and correctly identify the critical points where the 

system loses its resilience.” (p. 310) Yes, for the formulation, but not for complex 

biological and ecological systems. The problem is that mapping the system into β-space 

effectively unmaps the formulation from real-world complex systems. 

 

The expertise with networks and with math is evident, but the equivalent expertise with 

biological and ecological systems is not made clear. For example, where do they describe 

the real-world interrelations in the various situations, such as bee pollination (p. 308) (bee 

behaviour in response to disturbance), or metabolic networks (p. 307) (molecular biology 

interactions), that in the real-world give these systems their resilience? In a real 

pollination system when one species of pollinator is removed what adjustments does the 

system make that results in resilience? In a real metabolic network when an enzyme is 

removed what adjustments does the system make that results in resilience. What are the 

actual system mechanisms that result in resilience? 

 

While the discussion in the field of networks is interesting and significant, this paper does 

not provide a way to think about complexity that leads to usable realistic modeling of 

natural highly complex systems. 

 

A different approach to complexity is required. Rather than trying to reduce the 

complexity of the system to match the simplicity of the currently available tools, develop 

the complexity and sophistication of the tools until they are appropriate and effective for 

use with the complexity of the real-world systems. 
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To develop the tools to match the target systems, it is necessary to have an understanding 

of the patterns-of-organization of the structure and processes of those systems. This 

understanding will need to include general system knowledge such as (1) factor-

development, (2) the intrinsic nature of the process of emergence and its role in the 

creation of hierarchic organization (Vesterby 2011), (3) the roles of hierarchic 

organization in real systems, and in particular the multilevel dynamics of system 

processes, (4)  the response of the multilevel systems dynamics to the impact of 

perturbations on system deep-structure and the resulting roles of that deep-structure in 

systems resilience, and (5) the distinction between systems that are quantitatively 

complex and systems that are qualitatively complex—and the consequences of that 

difference. 
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