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Abstract

This paper looks at a puzzle facing many communications industries: How can they survive and thrive in rapidly changing and unpredictable environments?  The ideas in the paper are intended to be useful to communications industries and firms in any country. The movie industry is used as an example to test the applicability of some new work being done on resilience in unpredictable systems. Previous work has already shown that the U.S. movie industry (often referred to as Hollywood) is one of the least predictable industries in the world (in terms of which movies will be big hits) and it suffers some giant failures every year. Yet it is also one of the most successful and stable industries in the world, accounting for a very large share of U.S. exports every year. What works for the movie moguls may work for other organizations that find themselves in unpredictable environments. Rules of thumb are distilled that may be helpful for other industries and firms. These rules appear to be consistent with several widely accepted management theories, making it appear more likely that the rules from other systems will be relevant in developing resilience in business systems.  
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I. Introduction


Anyone who manages an organization will tell you that the number of “surprises” they deal with is growing all the time. In fact, most of us seem to keep busy managing the crisis du jour. This is not the way we were taught it should be. How do you manage an organization or make strategic plans in an environment where you can’t predict what will happen tomorrow to your most important resources? There seems to be some tantalizing clues in current work being done on the concept of “resilience” – the ability of a system to bounce back after a bad surprise. It is being studied in systems as different as the human immune system and natural ecosystems. While resilient systems are have many differences they seem to have a few things in common and it is those common threads that offer some hope for managing under uncertainty. 

II. Managing Uncertainty?

Uncertainty is not new and it is not always unwelcome. Surprises often present both a danger and an opportunity for business organizations. Once you acknowledge it, uncertainty can become an offensive or defensive strategy. You can use it to disrupt your competitors and to protect your assets. But often it is not a weapon at all, but a fact of life in complex, evolving environments.
Surprises happen. Both good things and bad things should surprise us when they happen but we should not be surprised that they happen. But accepting uncertainty is not easy. It is much easier to believe that if you just had the right information you could predict surprises before they happen and build a fool-proof strategy to deal with them. Once you acknowledge uncertainty it is possible to manage it deliberately and strategically. Just because things are complex and uncertain, it does not mean they are unmanageable or ungovernable. The management just takes different forms and makes different assumptions. Where we had come to expect certainty, we are now (sometimes reluctantly) accepting the necessity of dealing with uncertainty. 

This is not a new idea. The role of surprise in business management was first noted by Frank Knight in 1921 and echoed by John Maynard Keynes in 1936. Both rejected the possibility that the variables acting on a modern business can be measured and put into a universal mathematical formula or probability calculation. Knight reasoned that uncertainty was common in business systems because surprise was so common, even in the face of much calculation of probabilities. He believed these calculations were not helpful because the business world is ever-changing and no two transactions are exactly alike. Therefore, it is not possible to get enough examples of independent actions necessary for the Law of Large Numbers (which says that even where individual things happen in a random way, if you put enough of these events together in a reasonably stable environment you can make predictions that have a sporting chance of being accurate).
III. Uncertainty and the Film Industry


Nobody knows unpredictability like Hollywood. So the movie industry seems a good place to test some new work being done on resilience in unpredictable, networked systems. This new work is being done in many disciplines (including such diverse fields as mathematics, political science, ecology, and business management) and has revealed the possibility that complex, unpredictable systems, particularly those that operate as a network, seem to have some things in common. And, while you can’t predict the individual events in these systems, you may be able to make some predictions about the kinds of strategies that will make them more resilient to failure. Previous work has already shown that the U.S. movie industry (often referred to as Hollywood) has some of the least predictable products in the world (in terms of which movies will be big hits) and it suffers some giant failures every year.
 Yet it is also one of the most stable and successful industries in the world, accounting for a very large share of U.S. exports every year.
  What works for the movie moguls may work for other organizations that find themselves in unpredictable environments.


It’s not that people haven’t made attempts to find the right formula for success in Hollywood movies, and things like sequels have some predictive power, but even the tried and true can be flops and that goal of predictable investment remains elusive. There are still surprise hits and surprise flops, and there are many more flops than hits. The conventional wisdom in the industry is that only one movie in ten ever makes a profit.
 Every experienced Hollywood executive can give many examples of projects they did not predict correctly. These executives have been disappointed by many theories about box office success – theories put forward by both the creative people in the business (directors, writers, etc.) and by business analysts with sophisticated statistical analysis tools. Hollywood moguls are likely to roll their eyes and cut off any presentation that tries to posit predictability in their business. It is not easy for them to explain this unpredictability to investors and the corporate boards who now own most studios. But what they know from hard experience can be demonstrated with statistical analysis and some theories being developed in other hard-to-predict systems. 

Anyone in the movie business will tell you that theirs is a very complex business, and it turns out that they are right in both the technical and the everyday use of that word. A recent paper that looked at budgets, revenues and profits from the 125 top budgeted films for the years 1996-2002
 confirms initial work (examining more limited data)
 that blockbuster movies follow a power law distribution in all years studied. Unlike a “normal” distribution, where there are a few events at the high and low end, with most events in the middle, a power law distribution indicates that extreme events are happening in a very few cases (blockbusters) but there are many more events (other movies) that are not successful and very few events in the middle range.

IV. Movies and Power Laws

 
Below are two graphs based on 2002 movie data.
 The graphs represent the budget and revenue distributions. Both indicate that the distributions are not bell-shaped normal curves but look more like a power law distribution. In statistics literature this is also characterized as a Gamma distribution (a power law distribution is part of the family of gamma distribution).  
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A power law distribution is often the signature of a “complex” and unpredictable system. A power law pattern is also said to be “the mathematical face of a special architecture, an architecture that is dominated by especially well-connected hubs.”
  These systems are often subject to cascading behavior, where the response of the system is hypersensitive (because of its unstable structure) to individual events that have unpredictable effects on the entire system. This is usually illustrated with the image of a sand pile. Most of the next grains of sand to fall on the pile will stick to the pile, a few may cause a small landslide that collapses part of the structure, and a very few will cause a large landslide that collapses much of the structure.
  There are some clues from these types of cascading, networked systems that can be useful for managers in an industry subject to a power law distribution – even if these clues do not promise predictability. 
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It must be noted that Hollywood movies are often parts of intellectual property “packages” that seek revenue not only from theatrical release, but from many other uses of the “brand” of the movie, including: home viewing (VHS and DVD), cable, ancillary products, and spin-off books, games, TV shows. In fact, in 2003, Americans spent far more on VHS and DVD rental and sales ($22.5 billion) than they did at the box office ($9.2 billion) and some movies expected to make most of their profits outside the theater.
 This section looks only at budgets for producing the movie itself and revenue from theaters.

V. Business As a Complex, Unpredictable System
What if the experienced Hollywood executives are right? What if managers in unpredictable environments let go of the idea that there is some magic management bullet or magic formula that means consistent success? Instead, these managers could assume that their businesses operate in an environment that is so complex that nobody can predict in all cases which product or strategy will be a blockbuster or even make a profit. In fact, many highly innovative companies assume that only one in ten new products will be profitable.
This does not mean that there are no incompetent business executives – their actions will always be one of the things that make this an unpredictable system. But it may be wise to change a strategy that assumes that successful blockbuster products or services can be “engineered” in advance by omniscient leadership. If the predictability is impossible, then resilience in the face of failure seems imperative. And that is exactly what the movie industry seems to have achieved. 
Systems are said to become “complex” when they have intricate interdependencies among their various parts and many variables operating at the same time. Examples of complex systems include the weather and the spread of disease in a population. Complex systems are also generally nonlinear. The effect of adding something to the system (an infected person or the air disturbed by a butterfly flapping its wings) may diffuse unevenly throughout the system because the other components of the system are not evenly distributed, or the force doing the distribution is not equally strong throughout the system. Think of throwing a handful of buttons on the floor and then connecting them in various ways: some are connected by heavy string, magnets connect some, and others are connected only by dotted lines on the floor. All the red buttons are connected to each other and some of the red buttons are connected to blue buttons. Most (but not all) of the blue buttons are connected to one yellow button while all of the red buttons are connected to another yellow button. The group of buttons is sitting on top of an active earthquake area. Could you predict what will happen to any one of the blue buttons if an earthquake hit its vicinity or someone pulled the string at one of the yellow buttons?
 


Some complex systems are adaptive or are said to evolve when individual agents operate independently in response to forces in their environments via feedback. In some systems the agents can “learn” from one another when some agents obtain more resources and their actions are copied by other agents. In systems where the change is not learnable in the current generation by other agents (for example, the change is a mutation in an organism’s genetic structure) it can become prevalent in succeeding generations if the change makes agents who have it more successful, enabling them to leave more offspring (this is evolution by natural selection). For example, a mouse with better hearing is more likely to survive the presence of foxes in her environment and will leave more offspring than other mice. Over many generations these better-hearing offspring will also leave more offspring and gradually the number of mice without the acute hearing will decline. 

Management theorists have begun to use these ideas about complexity and unpredictability
 although theorists like Alfred Chandler have been thinking about firms in turbulent times for quite a while.
 In what would become one of the more influential business books of the late twentieth century, Peter Senge suggested that businesses must learn to adapt to change by creating “learning organizations.” 
 But he knew it wouldn’t be easy.

Business and other human endeavors are also systems. They, too, are bound by invisible fabrics of interrelated actions, which often take years to fully play out their effects on each other. Since we are part of that lacework ourselves, it’s doubly hard to see the whole pattern of change.
 

Senge set out to destroy “the illusion” that the world is created by separate, unrelated forces and to develop understanding of dynamic complexity where cause and effect “are not close in time and space and obvious interventions do not produce the expected outcome.”
 Subsequent writers, such as Robert Louis Flood, have expanded on this idea, expanded the evidence against predictability in complex business situations, and warned of the consequences for assuming that these processes are capable of being controlled. 

 An ‘A caused B’ rationality is a source of much frustration and torment in people’s lives. If a difficult situation arises at work, then an “A causes B’ mentality sets up a witch-hunt for the person or people who caused the problem.

And yet, many people in organizations that operate in complex systems continue to operate with this mentality. They believe that if they just look harder they will find the right formula for success. If their situation is truly complex and unpredictable, this quest will be doomed in many cases and it will take energy away from finding a strategy for resilience in the face of inevitable failures. This has most recently been described in a book by McKinsey consultant, Eric Beinhofer. He describes new findings about many complex adaptive systems and offers many new insights about how firms and create wealth in similar environments.
  
VI. The Movie Business as a Complex, Unpredictable System

In this section we look at how the movie industry fits current ideas about complex, unpredictable systems, but readers from other industries will want to compare the movie business to their own to see where the similarities will offer important insights. 

It is certainly true that all industries are becoming more complex as they become more interconnected and the forces working on them become more global than local, but the movie industry exhibits the classic characteristics of complex systems more than most.
 What makes the movie business complex? It has intricate interdependencies, many variables, nonlinear inputs, and adaptation. 


Intricate Interdependencies


Like the button system described above, some of the connections in the movie business are strong and generally ongoing (directors and stars to their agents, producers to distributors) but most of the connections are weak because movies (at least since the demise of the studio system) are made as individual projects with people and firms attaching themselves to a project for a limited period of time. During the project’s life all the players depend on one another and failure of one will affect the entire project. Many of these projects are connected to other projects where the participants are working simultaneously, have worked, or will work soon. Innovations or problems in one can spread to all of them rather quickly. At the level of the communications sector, all the communications industries (movies, cable, TV, print, etc) are increasingly linked together by their need to compete for several scarce resources, principally the time, attention and money of consumers. Indeed, some have predicted that they will all “converge” into one industry.
 Thus any new movie will not just compete with other movies but with all the other options that potential moviegoers have for their free time. On the other hand, movie producers depend on other media to distribute advertising and marketing.

Wide Variety of Variables

The success of any particular firm or particular industry depends on a wide variety of variables, a few of which the firms or industries have some control over but many of which they have little or no control over. In the last twenty years the movie business has been buffeted by changes in the technologies they depend on for both production and distribution. Globalization and changes in U.S. demographics have made their audience much more diverse and increased the variables that operate on each film. Other uncontrollable variables for film producers include: the other movies in theaters at the same time, the “mood” of the public (if they are nervous about the economy or a terrorist attack they may not go to see movies that are not uplifting), and the weather on opening weekend (good weather may make more people choose to be outdoors). Some variables can be controlled (stars, budget, release date, etc.) but, as the research noted above and the experience of many producers show, manipulation of these variables does not give consistently predictable results. 

Nonlinear Effects and Cascades 
When forces changing the system do not add up in a simple systemwide manner, we say they are nonlinear. Adding something to the system may mean it changes by more than the amount added. This is particularly true for the success of a particular film since it depends heavily on recommendations of critics and “word of mouth” marketing. One popular national critic can have a great impact on the number of people who decide to see a movie, as can many well-connected local moviegoers.
 

There is a growing body of work that looks at systems that cascade at unpredictable points. Things such as epidemics and fads are examples of cascades in a system. In some systems, a cascade is the tipping point of the system – something that moves it from one state into another.
 In fact there may be two tipping points in many networked systems. The first is when a system develops enough connections so that local islands of connections merge into a larger network where large cascades are possible. As the network increases, the cascades become larger and more likely until the second tipping point where the cascades become smaller and rarer because there is too much connectivity. The second tipping point is said to be a dilution effect and it happens when the individuals in the network are connected to so many people that any one of the connections does not have a great enough influence. Each individual is said to “tip” (decide to see a movie, for example) when a certain fraction of its neighbors makes this choice, not a certain number of them. If I have more people to whom I look for clues on movies or fads, it will take more of them to get me to join the bandwagon.
 

At first glance, this information about the operation of these cascading networked systems seems to indicate that there may be some way to figure out the best place to nudge them in order to make them tip your way – to make your movie the one that beats the odds to become a hit.  But, while it may be important to know the amount of connectivity of a simple system in order to predict the likelihood of tipping, it is important to remember that if the system is adaptive and has many variables working on it, the likelihood of predicting a cascade that will tip the system is not high. This is true particularly when other people also have this information and are trying to nudge the system their way.

Multiple-directional and multi-velocity trajectories
The environment into which any particular film is born is complex at both the macro and micro levels. At the level of the communications sector, the growth rates or velocity of growth for the various industries that compete with movies are clearly not the same. The movie business (like print and broadcast) shows some signs of being a “mature” business that cannot look forward to much growth in its current markets. But it competes (for customer time and attention) with much faster-growing industries such as those delivering content on the internet and, most recently, cell phones. This does not mean that these more mature industries will die, but it means that any financial opportunities that depend on rapid growth will be less available to them – even as they feel compelled to compete with the faster-growing industries. The system is made even more complex by a divergence in time frames: as the industries in the communication sector evolve faster to keep up with changes in their environments, other processes (policy making, business formation) move relatively more slowly and have difficulty keeping up with the changes.

Adaptation

Movie projects exist in a highly competitive environment with individual films living and dying in a relatively short period of time. Since the people working on films are highly interconnected, the ideas about why certain projects died early (or were never born) travel quickly through the system and others adapt their strategies based on their view of what works and what doesn’t. The fact that there is often disagreement about what made a project fail means that this adaptation is not uniform and not predictable. DeVany and Walls note that “contingency rich” contracts help the movie business to maintain an ability to adapt to changing demand conditions, particularly contracts between distributors and exhibitors that allow everyone to take advantage of a movie that is becoming a hit while limiting the exposure of distributors who have signed up for a flop.
 

So how does the movie industry manage to thrive and prosper when it is so unpredictable? The answer seems to be that this industry has (without anybody planning it) developed a resilience to the failures it deals with every day.

VII. Dealing With Unpredictability Through Resilience

When confronted with a danger, the best strategy may be to develop a resistance stratagy that will keep the danger out or act as a buffer to keep the system from being affected by it. This is a good strategy if you know the nature of the danger(s) you are likely to face. If you are likely to be threatened by an army with spears and swords, building a wall around your city will allow you to resist the danger and stop harm to those within. While there will be some temporary defensive measures put in place in case of attack, sooner or later the city will return to normal. But resistance strategies such as building a wall (literally or figuratively) may also keep out other things (like water and food to the besieged city) and keep those who are protected from taking advantage of opportunities outside the protected area.   
    When an individual or group (species, business organization) must operate in an environment where resources and dangers are unpredictable, one strategy for survival is to develop resilience.
 Since they don’t know what dangers are out there, they can’t develop a single strategy for robustness – walls would not be appropriate because they would deprive the individuals of access to other resources they might need for unknown dangers. If a system with unpredictable danger/opportunities is attacked or deprived of resources, it must be able to bounce back to its previous state. Since they don’t know what the dangers will be, they often don’t know what will work to make the danger go away. In these cases adaptability and access to a variety of resources seem to be key for developing resilience. 

In systems with unpredictable environments the members of the group try many things and hope that some of them will be able to survive whatever challenges or surprises they encounter. For example, birds often lay many eggs, but only a few hatch and fewer still survive to maturity. Businesses often develop many products in prototype form but abandon them if they do not meet specific targets. Thus, both a limited investment in large numbers of the same thing and diversity in the things tried can be tools for resilience. It should be noted at the outset that survival using these strategies does not necessarily involve anything even close to stability in the short-term fortunes of the individuals of that species or firms in that industrial sector.
 This strategy requires a willingness to accept many failures and/or to deal with the same challenge in different ways. This should not be interpreted to mean that some of the many eggs laid or the many different products developed are somehow inherently “fitter” than the others. All of the eggs were alike and all of the products had many unknowns in their development. A few eggs and a few products survive because they were lucky enough to find themselves in exactly the right environment for them to thrive. No one could have predicted which eggs or which products would be so lucky. In a more predictable environment, it may be possible to select the fittest eggs or products for extra support (as animals in more predictable or less dangerous environments often do by giving extra care to the healthiest infants).   

The movie business would seem to be a perfect example of resilience in action. As noted above, movie producers operate in an environment with many unpredictable variables. The production part of the industry is not concentrated into large or permanent organizations, but consists of many independent operators who come together for specific movies and then move on to the next project. The industry is constantly experimenting with new ideas, looking for the next hit. And for every movie that is released there are many more projects that did not reach maturity. They were shelved or abandoned when it became clear that it was impossible to put together the right resources. Other movies were made but never released in theaters because it was determined that this would not be profitable, and they are released in secondary markets such as DVD or sold to cable. Instability at the level of the individual movie does not mean that there is instability at the level of the industry. Even though there are many failures, the industry survives because of a few big successes. This is made possible, in part by the adaptive contracts noted above and by the industry practice of contingent compensation. The people in the business (actors, directors, suppliers) make some money for their contributions and may be entitled to more (sometimes much more) if the movie becomes a hit. If the movie does not turn a profit it is only the investors who gambled on net profits who walk away with nothing. But, like those who bet on other unpredictable events such as horse races (or who lay many eggs or develop many projects), these investors take their losses as just one try in a bigger game and wait for a big hit. 

In recent years, many businesses have been told that they can build resilience by developing “a broad portfolio of breakout experiments with the necessary capital and talent”
 from which there will be winners and losers. “Most experiments will fail. The issue is not how many times you fail, but the value of your successes when compared with your failures.”
 The movie industry seems to be a good example of this advice in action, but a view of resiliency on a larger time scale is often difficult for investors and executives from more traditional businesses where profits and losses are calculated on a quarterly basis. 

Resilience Through Scales of Operation 


In systems that operate at more than one scale, resiliency may operate at each scale and across the scales. There might be different time scales or different size scales at work in the same system. For example, in the human body, the immune system acts first at a local scale to confront an infection by sending a variety of forms of immune cells (within-scale resiliency through diversity or redundancy). But if this response is not successful, the system responds by “scaling up” its response and inducing fever. When similar functions (even if not similar mechanisms) operate across-scales it makes the system more resilient because they are redundant – if one fails the other will go into action. 


In the movie business, most challenges are dealt with first at the individual film level. If the challenge is too big for that level or persists in spite of attempts at that level, the industry scales up through several organizations that represent the interests of types of players (producers, directors, actors, technicians, etc.) and if a challenge that threatens the industry cannot be dealt with at that level, the industry comes together in temporary coalitions of these organizations. 


Resilience Through Loose Coupling and Slow Scales


Many authors have noted that slower parts of systems act as resilience mechanisms for the faster parts because they can “remember” how to handle certain surprises. In return the faster parts of the system give the slower parts information about changes taking place and allow it to adapt at its own time scale. In some cases, when the slower parts do not have this information they are liable to drastic, cascading change when the changes reach a critical level, particularly when the system has become tightly coupled. The very connectedness or sameness that makes it efficient can amplify internal weaknesses or external shocks. This has been seen in many systems.


When the system is reaching the limits to its conservative growth, it becomes increasingly brittle and its accumulated capital is ready to fuel rapid structural changes. The system is very stable, but that stability derives from a web of interacting connections. When this tightly connected system is disrupted, the disruption can spread quickly, destabilizing the entire system. The specific nature and timing of the collapse-initiating disturbance determines, within some bounds, the future trajectory of the system. Therefore, this brittle state presents the opportunity for a change at a small scale to cascade rapidly through a system and bring about its rapid transformation. This is the “revolt of the slave variable.” (Citing Diener and Poston 1984)
  

In the movie business, this cascading change at the slow level was seen in the relatively abrupt collapse of the studio system. Under this system, individual players were bound by contract (tightly coupled) to particular studios. A variety of surprises caused the highly connected studio system to collapse and break into the loosely coupled industry organization we see today.

The importance of the relative strength of the connections in a system is increasingly seen as critical to the analysis of the system’s behavior. In fact, it is a fairly good predictor of the stability and resilience of any group. Strong coupling within or between organizations would be predicted if there is a high level of resources reliably available, the system changes rapidly, and influence spreads quickly in the system.
 The movie business appears to be both loosely coupled in some respects and tightly coupled in others. The level of resources (the audiences) is not high or reliable and the major parts of the system change slowly. But information can spread rapidly due to the connected nature of the business. 

If the individuals are truly tightly coupled, any disturbance in the system will affect them all and if any of them fails, there is a much greater likelihood that others will fail with them. Think of a team of horses that is hitched to a wagon. This aspect of tight coupling has very interesting implications for organizations seeking efficiency through developing economies of scale. One of the seldom-acknowledged tradeoffs for doing the same thing many times in a highly connected way is that this tight coupling will inevitably create an unstable situation if redundancy is taken out of the system to lower costs. For example, we all know that you can produce individual widgets cheaper if you build a lot of them in the same way, using processes that are very closely tied to the processes of suppliers and customers. This kind of efficiency remains the Holy Grail for many firms that must compete with firms that have cheaper factors of production (e.g., lower labor costs).  As attractive as this goal is, it comes with a dark side. If a critical supplier, customer, or piece of technology is removed, with no redundant source, the entire system is vulnerable to collapse. Loosely connected systems with built-in redundancy seem to be the most secure from this type of danger.

Loosely coupled systems are those where the components have weak enough links that they can ignore small perturbations in the system. The components of a loosely coupled system are said to have more independence from the system than tightly coupled components since they can maintain their equilibrium or stability even when other parts of the system are affected by a change in the environment. The components of loosely coupled systems are also better at responding to local changes in the environment since any change they make does not require the whole system to respond. Thus, if innovation or localized response to particular problems or opportunities in an unpredictable environment were the goal, then loosely coupled systems would have the best chance to find new answers and to develop resilience. A more tightly coupled system could lead to premature convergence on a solution since all the components would be responding more or less in unison. 


Once again, when we look at the movie business through this lens, we see resilience in both the tight and loose coupling. This industry is made up of many small firms and individuals with loose ties when they are not working on a project but very strong ties once they begin a project. They must coordinate schedules and work together closely to meet the budget and the production schedule. At the level of the project, anything that affects the contributions of one will affect everyone. But outside of a particular project, a failure of one has almost no effect on the others. If one of them finds a good solution to a problem several others may try it, but it will not be adopted by the entire industry unless it has shown that it works in many situations OR unless there is a need for uniformity. 


When tight coupling is needed in the movie business, the individuals and firms look to the higher level of organization provided by the professional organizations such as the Motion Picture Producers Association of America (MPAA). The relative weakness of these organizations has implications for the adaptations of the larger industry because this process can take place only as fast as the most loosely coupled component can (or is willing to) move. The temporary or partial independence of one or more components in the movie business will slow down (or change) the process. This is an important insight for executives who must make predictions about the ability of a merged organization to develop “synergies” that result in higher profits or lower costs. For example, if one unit of the newly merged company is a film production company (they are famous for being loosely coupled internally) and it must be coupled with a telephone company (they are equally famous for tight internal coupling) the result may be a slower adaptation process than the telephone culture is accustomed to. If the telephone firm becomes unstable after it has become more tightly coupled to the film company, the latter will become unstable as well. At this point the film company is likely to seek a more loosely coupled relationship – or even a break in the relationship. 


The movie business may have been able to survive many failing movies because of its ability to organize many weak links into a network of influence. Networks have thus become the subject of much study in the search for resilience.

VIII. Networks, Power Laws, and Resilience

There is a new (and growing) body of work that looks at the connections between things that function as a network. Network Science gained popularity as the “small world” problem and, more recently, the “Kevin Bacon game.” The former is the puzzle of why most people on the earth seem to be separated from one another by only six other people, or six degrees of separation. The latter uses movie actor Kevin Bacon and his connection to other people in the film industry to test the degrees of separation between them. The game proves that Hollywood is a very connected place and that every actor is connected to every other one by about four steps. If the game counted connections to agents and producers the connections might be even smaller.
 

This new research on networked systems was originally done in a branch of mathematics known as graph theory. It is now being examined by many disciplines including political science, biology, sociology, and computer science. In some of the networks studied, the distribution of things in the network (e.g., wealth, Web links) follows a power law and the place of any particular thing in that distribution was difficult to predict. As noted above, networks that exhibit a power law distribution are characterized by a continuously decreasing curve, showing many small things existing with a few large ones (many people with small amounts of money and a few with a large amount, many Web sites with a few links and a few with many links). This is in contrast to systems where the distribution follows the typical bell curve with a few things at either end of the spectrum (a few small things at one end and a few large things at the other) but most of the things clustered in the middle. We have demonstrated in this paper that each year successful movies follow a power law distribution and it is quite clear that the business has many characteristics of networking.   


There is some indication that networks following a power law develop differently from other systems. They seem to grow one node at a time (as in one Web page at a time, one person at a time) and some nodes will have preferential connections because the more connections they have the more they will get. These superconnected nodes are called “keystones” or “hubs.” For example, some nodes become hubs when they are connected to more often by others because they were the first to fill a connection role or because they have more resources to devote to connections. Thus, if you are the first Ebay-type connection Web site, or you are a very large company such as Microsoft (with perceived resources to devote to connection) you are more likely to become superconnected. In these systems the connected tend to get more connected, not necessarily because they are better but because they were first or bigger to start with.
 

Some networks have what is known as a “scale-free” topology. That is, there are many small nodes that connect to a few larger nodes that in turn connect to still larger nodes in a hierarchical configuration. The lower level nodes have no way to connect to other nodes in the system except through their local hub. Imagine the telephone network. You cannot connect directly to anyone except through your local exchange, which acts as a hub for your area. Unfortunately, we are now discovering that this type of network will often 

…perform terribly under conditions of failure. For the same reason they are vulnerable to congestion-related failure (because they are too centralized), if any of the hierarchy’s top nodes do fail, they will isolate large chunks of the network from each other. It is here that connectivity at all scales really comes into its own, for in multiscale networks there is no longer any “critical” nodes whose loss would disable the network by disconnecting it. And because they are designed to be decentralized not only at the level of teams but also at larger scales, they can survive bigger failures.
     

Multiscale networks allow nodes to connect across scales, without requiring them to go through a hierarchical routing system. While this may not be the most efficient configuration, it does make the network robust, that is, allows it to survive failures because taking out the one hub that you connect to (or those that it connects to) will not deny you access to the whole system. The movie business shows many attributes of a multiscale network because there is no formal hierarchy and most people have connections to people in many parts of the business. An actor will have connections to producers, directors, technicians, and just about everyone else. And all of them will have similar connections. Thus, if one of a person’s connections to the business fails they will not be separated from the business and will still have access to the resources of the network of people and resources that they need.  

In some networks the “winner takes all” when one node has all the connections and there is one giant hub with many nodes.
 This happens when nodes can choose which hub they will use to connect to the system and they will choose the hub that gives them the most connections. The more connections a hub has the more likely it will be chosen and eventually the system will tip and all will choose the most connected hub.
 In fact, there is strong evidence that the Internet is a winner-take-all network and only a few sites will have superconnections.
 Any time you add a hub to a random network of individuals or groups (they are not connected except at random) you are likely to get this “aristocratic” (the rich get richer) configuration where power and scarce resources are drawn to the spot with the most resources.
 These networks where superconnected hubs form are often very efficient and robust at lower levels because destroying any of the less connected nodes will have little impact on the system. But this strength is also their Achilles’ heel because destroying a superconnected hub can destroy the entire network. Any firm that becomes a superconnected hub for the sector becomes both an opportunity for efficiency and a danger because it can bring everyone down with it. The movie business would seem not to be this type of network because there are many people who serve as connectors and a “winner” that controls all the connections in the business has not emerged. 

As in other complex systems, the work being done on networks also indicates that the strength of the ties between things is critical for understanding (if not always predicting) the operation of the networked systems. There is good evidence that weak ties (or loose couplings) are often more important than strong ones when dealing with a new opportunity or problem. If two firms are strongly linked (or tightly coupled) to each other they are probably also strongly linked to each other’s links so what happens to one will affect all of them. Strong links work very efficiently as long as the firms (individually or collectively) don’t face unique challenges or encounter new opportunities. If something unexpected happens, it will be the weaker links of each firm that will be bridges to other systems with other resources or ideas that can be used when they face a new problem.
  Thus, the long-term stability of a system (or a firm) may actually increase if it has many weak ties – even if this means it is less predictable or less efficient in the short term. This has led to speculation that a balance between the need for stability and diversity is called for and the appropriate strength will depend on the number of connections available. “…the superconnected few should be linked to others mostly by weak links, while those with few links to others should be connected by strong links.”
    

Resilience in networks
Resilience in networks is also increased by diversity and redundancy. A variety of weak links for the superconnected hubs requires some diversity in the system because if everyone is the same it will be difficult to develop the variety of links that would be useful in case something unpredicted happens. Thus, a loss of too many of these weak links will have serious implications for the resilience of the system. As we have noted, the movie business is made up of many different types of people who are connected to one another through weak links to highly connected individuals. If these hub individuals connected to only certain types of people they would not be able to pull together all the resources needed to put a project together, and they would require connections to other hubs. The diversity of their links also makes them more likely to be able to take advantage of unexpected opportunities or deal with potential disasters.

Resilience is also improved in a network if hubs have some functional redundancy. If they are unexpectedly removed from the system there is something or some function that will perform their role in the system. In Hollywood this redundancy of hubs is accomplished by allowing many different professionals to serve as connectors: producers, agents and lawyers all often perform the task of putting people and deals together.   


While this work on resilience in complex networked systems is still in the formative stages, Duncan Watts, one of the original researchers in this area, has this to say:

Already we can understand that connected, distributed systems, from power grids to business firms to even entire economies, are both more vulnerable and more robust than populations of isolated entities. If two individuals are connected by a short chain of influences, then what happens to one may affect the other even if they are completely unaware of each other. If the influence is damaging, then each is more vulnerable than they would be if they were alone. On the other hand, if they can find each other through that same chain, or if they are both embedded in some mutually reinforcing web of relations with other individuals, then each may be capable of weathering a greater storm than they would be by themselves.

Most people with experience in the movie business would probably agree with these sentiments, even if they don’t understand the science behind them. People who make movies must work in an environment that is complex, ever changing, and where what worked last year will not work next year. The causes of success and failure remain elusive. And yet the movie business is clearly successful. It may be an example to all industries that must operate in similar situations. It is possible that the goal for managers in complex, networked systems that exhibit a power law distribution may not be better predictions, but more loose connections across all scales of the business. In this kind of unpredictable environment, resilience may be the greatest (or only) success.  

IX. Conclusions


What does all this mean for business strategy? Can this information be used to make better decisions in telecommunications companies? Yes. As long as “better” does not mean “predictable” – particularly in a business with unreliable access to resources, intricate interdependencies, many variables, nonlinear inputs, and adaptation. If a business does not have these attributes of complexity, it is possible that better does mean more predictable. 


Even if they can’t predict the forces working on their organizations, managers in communications firms may be able to make their organizations more resilient. But beware!  The insight provided by the study of these systems seems to indicate that if resilience is the goal, bigger is not better and increased efficiency (by eliminating redundancy or tight coupling with customers/suppliers) has serious consequences.  These are not always welcome ideas.


Does the movie business fit the pattern that is beginning to emerge in the study of other complex networked systems that must operate in unpredictable environments? In all of the ways examined here, the answer is yes. While acknowledging that this work is only in its infant stages, it is possible to formulate some ideas that warrant much closer attention and some possible strategies for organizations that can’t wait until the definitive votes are cast. Many organizations in unpredictable environments may find that they accomplish their goals not by building organizations (and the rules that govern them) based on predictions, but based on adapting to the unpredictable and remaining resilient in the face of multiple failures. It is acknowledged that this will be a tough sell to those who have come to believe in the inevitability of finding the right formula for success. But sooner or later we may have to give up on trying to turn lead into gold and get down to the business of watching the world change while we change with it. Organizations looking for a model could do worse than studying the movie business.


Since all businesses live in different environments there is no one-size-fits-all plan for developing resilience. Not all businesses have the potential for the big hits that makes the system resilient in the face of many failures. But it will be worth any manager’s time to look the ideas presented here in order to discover which ones might work for them. Business managers will recognize that several things on this list are consistent with well known ideas in management science. This is probably additional evidence that these ideas from other disciplines are not irrelevant to business. 
1. Decide if your business (your industry and/or your firm) is unpredictable by nature or if it is just in an unpredictable phase of its development and stability can be expected to return. There may be a temporary unpredictability in resource availability or customer demand. You would then want a resilience strategy that allows you to bounce back when things return to normal and won’t burden the enterprise with some complex coping mechanism that is no longer needed. If their has been a fundamental (or structural) change in the environment so that this unpredictability will be with you for the foreseeable future you will want to examine fundamental processes, particularly those that are tightly coupled with unpredictable resources. 
2. Acknowledge the unpredictability (either permanent or temporary) and how this changes the definitions of success for the industry, the firms in it, and individuals in those firms. Expand the time scale for measuring success and acknowledge the goal of resilience. This may be the most difficult thing to do. It involves changing the expectations of all stakeholders, particularly investors and employees. It means acknowledging risk in specific terms and not punishing failure that is caused by unpredictable complexity.
3. Throw many seeds and acknowledge that there will be failures. Either throw many of the same kinds of seed in many environments and see where they grow, or, throw many different kinds of seeds and see which ones thrive in a particular environment. Once again, this means acknowledging risk and making failure part of the cost of doing business, not a personal and professional death knell for those involved with the seeds that do not grow.
4. Set up feedback mechanisms that allow you to distinguish success and failures as early as possible. If the system is likely to have tipping points, decide how you will know them and how you will rush resources to (or from) the tipping system. This is especially important if the system is tightly coupled and subject t cascading failure or runaway success. For many companies (and government organizations) this is very difficult because their cultures punish anything that looks like failure. It’s not surprising that nobody signals that things are failing (or not growing) because to do so would be professional suicide and jeopardize one’s bonus.   
5. Set up mechanisms that give you maximum adaptability and allow you to invest in success and cut losses on flops. This might include adaptive contracts and contingency compensation. This may mean fewer long-term contracts (for both employment and other resources) in “seedling” enterprises or products. It will also mean having resources ready to throw at any seedling that looks like it’s about to take off. This may mean keeping a resource reserve for this purpose (but they will not be making maximum return while waiting in reserve) or having resources that can be quickly redeployed from other projects (those without long-term commitments).  
6. Make sure there are weak links to resources outside your business, ones that can be used when the unpredictable happens. These links should be weak enough that they are not be affected by problems in either business. You might consider using a variety of suppliers or paying a supplier to be on “standby.” Strong coupling should be used where efficiency is critical, but acknowledge the trade-off in stability and resilience for that function – strong coupling to resources prone to surprise would be limited to functions that have redundancy (back-up that will take over the function). If you need electric power to perform critical functions (cooling, running computers, etc.) you might have a strong link to an electric power supplier that gives you quantity discounts, but only if you have auxiliary generators or standby power suppliers that can step in to perform the function if the power is cut off by a terrorist attack.  
7. Make sure that people who have to deal with the unexpected have links to many resources. These links should be on multiple scales and not require going through a hierarchy in times of opportunity or danger. If the person running your plant needs to get electric power quickly they should not have to go up the chain of command to get permission and they should have direct access to the persons who can deliver what they need, regardless of whether they are at similar levels of the organizations chart. If the night supervisor has to call the VP at the standby supplier the considerations of hierarchy should not get in the way.
8. Make sure that important functions have redundancy, preferably at different scales so that if the function is damaged at one scale it can be picked up at another. This is especially true for any function that acts as a hub. If communication services are centralized there should be redundant communication services at the local level. 
9. Hubs should have diverse connections that allow the people who use them to access many different types of resources – even ones they don’t use very often. People and functions where things come together (such as manufacturing) need to have access to many things that they might need and even to things that nobody thinks they will ever need. This allows them to fix the problem without having to fix the supply chain first.
10. Stay in touch with both the slow and fast parts of the business. The part that changes slowly is just as important as the part that responds to every change in the environment. “The Fast proposes but the Slow disposes.” There is great value in the people who have been performing a function for many years. They should never be treated as failures. Likewise, new ideas should not be dismissed without real consideration – particularly in light of feedback mechanisms set up to alert the organization about changes in the environment. Many of us do not notice changes in the environment until it is too late to respond with considerable effort, slowing down resilience.     

While these ideas are applicable both to established firms and to startups, each group will have special advantages when building resilience. Startups have the advantage of being able to build hubs, establish links of various strengths, and create “ramp up” and “get out” trigger points from the outset, thereby avoiding any legacy networks and locked-in systems that will be difficult to adapt quickly enough to meet important surprises. Established firms and industries have the advantage of deeper understanding of the slow scales for their systems and the resources for building in redundancy. But all firms must get better at surviving surprises in an ever more connected and complex world.
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