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The Law of Requisite Variety is a mathematical theorem relating the number of control states of a system to the
number of variations in control that is necessary for effective response. The Law of Requisite Variety does not
consider the components of a system and how they must act together to respond effectively. Here we consider the
additional requirement of scale of response and the effect of coordinated versus uncoordinated response as a key
attribute of complex systems. The components of a system perform a task, with a number of such components
needed to act in concert to perform subtasks. We apply the resulting generalization—a Multiscale Law of
Requisite Variety—to understanding effective function of complex biological and social systems. This allows us
to formalize an understanding of the limitations of hierarchical control structures and the inadequacy of central
control and planning in the solution of many complex social problems and the functioning of complex social
organizations, e.g., the military, healthcare, and education systems. © 2004 Wiley Periodicals, Inc. Complexity
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f we make the assumption that there is a system subject

to an environment that has a number, W, conditions

each of which requires a different response for some
specific measure of success to be achieved, then it is a
tautology that the system must have at least W distinct
states in order to respond effectively. Although this is not a
sufficient condition for effective response (the states of the
system must be valid responses and matched to each of the
conditions), it is a necessary condition. More generally, the
variety in actions of a system can be used to reduce the
variety of outcomes (next time conditions) when the envi-
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ronment changes in time. This is a statement of the Law of
Requisite Variety formulated by Ashby [1]. Its utility arises in
the context of design evaluation. Even if a system is ideally
designed, if it does not have enough actions that it can take,
its overall effectiveness is limited. In this article we make the
further assumption that the system is composed of a num-
ber of components and that these components can be com-
bined to perform specific tasks that might require more
than a single component to perform. We make no assump-
tion about the physical nature of these components, allow-
ing statements that can apply to biological or social systems
and to many different types of systems in each of these
broad categories.

Specifically, we assume that the responding system is
composed of a number of subsystems, N, that are variously
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coordinated to respond to external contexts. The number of
possible actions that the system can take, M, is not more
than, m", the product of the possible actions of each part,
m. We could directly apply the Law of Requisite Variety for
the total number of actions, but we further constrain the
problem of effective function by assuming that effective
actions require some number of components to perform: If
the components are people, then a task may require a
certain (minimum) number of people acting together; if the
components are biological cells or biological molecules,
similar considerations apply. We consider the number of
entities that must act together as a measure of the “scale” of
the task, which is a distinct property from the necessary
variety to perform the task.

It is conventional to measure variety, like information, in
logarithmic units so that the total variety of a set of inde-
pendent components V = log (M) is the sum of the variety
of the components, V= Nv, where V = log (M).

When components act together on a task, we can assume
for simplicity that the maximal variety of the coordinated
group of components is the variety of one of the compo-
nents. This is true as long as the actions of one of the
components require certain actions of the other compo-
nents regardless of the specifics of coordination. For exam-
ple, if two people must lift at the same moment in order to
lift something heavy, they are coordinated, but this is also
the case if two individuals must push and pull alternately, as
in the operation of a cross-cut saw. If the components are
only coordinated to some degree, we can consider a gener-
alization of the treatment using coordination probabilities,
but there is a difference between complete coordination
that occurs only under some conditions (at some times or
with some probability) and partial coordination. We will
start by allowing the former and not the latter.

To clarify this point, we assume the existence of multiple
behaviors, with each behavior being a response to a set of
external conditions. A behavior does not correspond to a
particular state of the system, but rather to a particular
scheme of coordination of the parts. For example, under
certain conditions two people lift at the same time, under
other conditions one of them pushes while the other one
pulls; under yet other conditions they act (push or pull)
independently. Each of these is a separate behavior. We
could consider the information necessary to describe the
actions directly; however, this would not necessarily reveal
the underlying coordination. For example, if there are two
possible actions (R, L} of two individuals, and if half of the
time according to the external conditions the individuals are
coordinated to act jointly with equal probability (RR or LL),
and half they are coordinated to act in opposition with
equal probability (RL or LR), then the set of actions would
include four actions with equal likelihood (RR, LL, RL, LR).
Without recognizing the effect of the coordination, we
would assume that the individuals are not coordinated at

all. Instead, we consider each coordination scheme and the
(conditional) information necessary to specify the behavior
of the system under that scheme, then we average over the
coordination mechanisms. For each type of coordination
we assume that the system is divided into subsets that are
independent of each other, but the components that make
up each subset are fully coordinated [2, 3].

With these assumptions, we can see that the attributes of
scale and variety constrain each other and what a system of
a certain number of components can do. Because coordi-
nation reduces variety, the same number of components
cannot both have a large variety and a large scale, though
various tradeoffs are possible. A generalized Law of Requi-
site Variety expresses both the scale and variety necessary,
and specifically states that at every scale the variety neces-
sary to meet the tasks, at that scale, must be larger for the
system than the task requirements, self-consistently defined
as a necessary variety at each scale. For a particular behav-
ior the variety at scale k is D(k} = vn(k), where n(k) is the
number of different k-member fully coordinated groups
needed to perform the entire task, which therefore at a
minimum requires N = Zkn(k) components to perform. The
total variety of the task is proportional to the total number
of subsets of any scale V = ZD(k). The same number, N, of
components can, in the extreme, perform a task of scale N,
with variety equal to that of one component, or a task of
scale one with variety N times as great. More generally, the
equation [obtained from N = Skn(k)],

Nv= > kD(k) (1)

can be considered a constraint on the possible behavior
patterns (sum rule) of a system due to different mechanisms
of organization. It is often convenient to think about the
variety of a system, V(k), that has a scale k or larger, because
this is the set of possible actions that can have at least that
scale,

N
V(k) = > D(k'). )

k'=k

Then the total variety of the system is (1), and the sum rule
can be written as

N
> V(k) = Nv. 3)
k=1

The sum rule given by Equation (1) or (3) describes the
existence of a tradeoff between variety at different scales.
Increasing the variety at one scale, by changing the organi-
zational form, must come at the expense of variety at other
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Schematic illustration of the constraint on variety UK) (vertical axis) as
a function of scale, k (horizontal axis, increasing to the right). A
system with the highest possible fine-scale variety corresponds to a
system with independent degrees of freedom (curve a). When all
degrees of freedom are coherent the system has the largest-scale
behavior, but the same low value of variety at all scales (curve b).
Intuitively, complex nonequilibrium physical, biological, and social
systems have an increasing variety as the scale decreases due to
coordination at various scales (curve c). The scale-dependent variety
characterizes the system organization and its functional capabilities.
The area under all curves is the same for systems organized from the
same components.

—

scales. A schematic illustration of several systems having the
same number of components but different coordination
mechanisms is shown in Figure 1.

We can also extend the discussion of coordination be-
tween parts to coordination between times. Imagine a set of
photographs of the system taken at intervals of time; for
example, images of the individual frames that make up a
movie. Each of the components has a certain time interval
between independent actions. For simplicity, we take the
frames at this interval of time. Then the organization of the
system can impose that the parts of the system persist in a
specific state or change that state over time possibly in
response to changes in the environment. In the first case we
have fewer possibilities; in the second we have more possi-
bilities. These possibilities, like the possibilities at a partic-
ular time, affect the set of possible reactions over the course
of the sequence of frames (movie) that the system can
execute. Repetition over time (more generally, the coupling
of states over time) causes an increase in scale similar to the
coordination of components at a particular time. Some
actions may require persistent behavior, whereas other do
not. Often we consider cases where the action of one com-
ponent over time may be substituted for the action of many
at a particular time, as, for example, in applying a large force

at one time or applying a smaller force over time in achiev-
ing the same mechanical effect. Thus it is sometimes rea-
sonable, at a first order of approximation, to summarize the
entire system in number of components and time of action
as a single measure of scale. In other cases this may not be
so simply done.

In order to understand the physical implications of the
scale-based decomposition of a system behavior, we con-
sider the relationship between the behavior of a system and
the impact on the environment. The Law of Requisite Vari-
ety in and of itself does not tell us what affects the impact on
the environment. Intuitively, however, the larger the num-
ber of components that are coordinated, the larger the
potential impact. To clarify this point, we should recognize
that additive superposition of subtasks to achieve a desired
task has a simple linear relationship between coordination
and impact. More interesting is the case of tasks that are
characterized by nonlinearity. Because we have assumed
that certain tasks require a certain scale of coordination to
achieve, we need to characterize these tasks. Such tasks
requiring a certain scale are characteristic of nonlinear
threshold processes. These arise in cases of metastability
where in response to a small push the system will return to
its original state, but a larger push will move the system to
a different state. They are also characteristic of competitive
processes, especially winner takes all cases, such as those
that are considered in evolutionary biology. A predator
chasing a prey typically either gets it or it does not. Addi-
tional speed on the part of one or the other can result in one
case or the other. The implication of the existence of tasks
that require a certain scale to accomplish is also that the
impact of the system on the environment can be larger for
larger scale actions. This suggests that scale can also be
viewed as a measurement of the system’s impact on the
environment.

One way to make this more precise is to consider the
environment as a system that itself has coordinated com-
ponents in groups. Any transitions of the system are
changes of state that change the states of all of the compo-
nents in a particular group. This implies that in order for
such a transition to occur the system performing the change
must have a number of coordinated components as large as
that of the environment. We could also generalize this by
considering a “coupling constant,” reflecting the degree to
which a single component is able to change a single com-
ponent of the environment. Still, the insight is clear that the
scale necessary for a task is related to the number of coor-
dinated components in the environment that must be
changed in order for the task, understood as a change in the
environment, to be achieved.

We can consider the relationship of scale of the system
and scale of the environment behavior as a manifestation of
coupling of system with environment when there are no
specific assumptions about that coupling. This means that
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change in one is coupled to change in the other. When there
are no specific assumptions, we should assume that on
average the number of components of the system and the
number of components of the environment that are cou-
pled to each other are equal. Clearly this is not necessarily
true; still it is a reasonable first assumption. In essence, the
idea is that the boundary between system and environment
does not necessarily characterize the coupling of compo-
nents, so that coupled components are equally likely to be
in and out of the system.

It is significant that the discussion of the level of a sys-
tem’s impact on the environment is not the same as the Law
of Requisite Variety, because the latter does not describe the
nature of the task to be performed. The level of impact is
also not a mathematical identity or theorem but rather a
statement that relies upon observations about the world.
This would be a “Law” (if verified/not contradicted by ob-
servation) rather than a theorem, whereas the Law of Req-
uisite Variety is a theorem rather than a Law. A reasonable
concern about the relevance of scale of behavior to scale of
response might be raised because of the existence of am-
plification and nonlinear dynamics/chaotic behavior of sys-
tems. This suggests that we consider the possibility that
effects that are delayed over time (and possibly displaced in
space) allow small actions to have large effects. Still, the
relevance of scale to the interaction of systems is clearly
present and should be accounted for in formal discussions.

Our generalization of the Law of Requisite Variety is
directly relevant to the analysis of coordination mecha-
nisms of an organization, biological or social. Specifically,
how such coordination mechanisms are well or ill suited to
the tasks being performed. Given the constraint imposed by
the number of components, a successful organization has a
coordination mechanism that ensures that the groups are
coordinated at the relevant scale of tasks to be performed.
This simple and intuitive statement is captured by the Mul-
tiscale version of the Law of Requisite Variety.

These ideas can be illustrated using examples of human
organizations and the tasks they perform [5-7]. Ancient
empires were constructed based on armies organized on
repetitive actions in time and coordinated actions of indi-
viduals in groups like the Greek Phalanx and the Roman
Legion, that were capable of marching large distances [8].
The task they performed is intuitively large scale as mea-
sured by the size of empires they created or the number of
people they controlled. More recently, the Model-T Ford
factory was based on a concept of repetitive actions of
individuals, with distinct individuals performing distinct
tasks, combined together to produce large quantities of
relatively complex objects [9]. Given different environmen-
tal conditions, the production line can create a large variety
through different actions of different individuals, but the
large scale measured by the number produced in an interval

of time arises from the simplified but large-scale repetition
of the task of each individual.

Similarly, for biological systems there are manifest ex-
amples in the behavior of various molecular, cellular, phys-
iological, or population systems. Conventional understand-
ing of coordination and independence is sufficient for
illustration [10]. At the molecular level, the contrast between
structural and energy storing polymers, including carbohy-
drates on one hand and enzymatic or information storing
proteins and DNA on the other, illustrates the role of variety
and scale in polymer composition. At the cellular level, the
barrier function of membranes is consistent with a homog-
enous aggregate and is different from the role of the variety
of sensors embedded in it. At the physiological level, the
coherent behavior of muscle cells can be contrasted with
the variety of neural system responses. The combination of
the two in the neuromuscular system provides large-scale
responses at a particular time, with high variety over time.
Considering populations of animals evokes images of large-
scale herds and smaller groups of predators. In general,
social coordination varies widely between species, as has
recently been revealed in studies of various primates [11].
Analysis of the functional (selective) context of the environ-
ment and its relevance to social organization is an ongoing
endeavor.

The discussion of the organization of social systems and
their capabilities has become more interesting in a context
where networks of dependency are increasingly being relied
on rather than conventional hierarchies for coordination.
The importance of complex systems concepts in this con-
text has been recognized [12]. There is general agreement
that uncertain (complex, dynamic, hostile) environments
lead to a need for decentralization [13-17]. A key issue is the
concept of a hierarchical organization, which is considered
a mechanism of decentralizéd control because decisions
can be made at many levels of hierarchy and can progres-
sively be decentralized through delegation within the hier-
archy. Limitations of the individual in obtaining informa-
tion or making decisions (“bounded rationality”) have been
the core of discussions of the human limitations in central
control. The idea that information collection limits the ef-
fectiveness of central control has led to the perspective that
such problems might be solved through information tech-
nology (specifically vertical information systems) [16]. Be-
low, this notion is directly challenged. It is also well recog-
nized [15-17] that coordination between divisions of an
organization may be addressed by lateral communication.
Possible architectures of organizations to reduce the need
for coordination have been discussed (divisions for product,
process, geographic, and market segment) and the increase
coordination through, “matrix organizations,” and looser
structures such as “adhocracies.”

We will use the multiscale generalization of variety to
consider the topic of centralization/decentralization of con-
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trol and coordination. In considering variety—the limits of
the number of possible actions that can be taken, we also
gain a useful practical advantage over discussions of infor-
mation and decision making. In discussing action, we have
a better opportunity to observe and apply our conclusions,
because decision making and control is often difficult to
observe directly.

From the point of view of variety, the limitations of
central control can be understood if we consider that a
strictly centrally controlled system, where action is deter-
mined by one (or a few) individuals, has a variety that is not
more than the variety of one (or a few) individuals, the
individuals making the decisions, V =< v. Distributing this
control increases the variety. This is true for various forms of
decentralization including hierarchies when delegation of
authority is used.

In considering the requirements of multiscale variety
more generally, we can state that for a system to be effec-
tive, it must be able to coordinate the right number of
components to serve each task, while allowing the indepen-
dence of other sets of components to perform their respec-
tive tasks without binding the actions of one such set to
another. This now serves as a key characterization of system
organization. Specifically, the Multiscale Law of Requisite
Variety implies that in order for a system to be successful its
coordination mechanisms must allow independence and
dependence between components so as to allow the right
number of sets of components at each scale.

When we consider modern organizational structures, we
see that the military has different types of organization for
different types of tasks {18, 19].

In the Gulf War in 1991, the military used a conventional
military buildup to a force consisting of hundreds of thou-
sands of soldiers, many in tank divisions. The coordination
of these forces was distinctly large scale in the sense that
maneuvers could be characterized by the movement of
large numbers of individuals at the same time [20]. It is
readily understood that this task could not be decomposed
into actions of individuals acting independently, i.e., indepen-
dently choosing when to move forward to attack. Thus the
coordination/control mechanisms of the military provided for
tight coordination of the movement of all the forces.

In contrast, in the War in Afghanistan, the military force
used consisted of “special forces”: teams of individuals each
of which was largely independent of the others [21]. In some
cases these teams were tightly coordinated amongst them-
selves; in others, individual members of these teams per-
formed actions that were quite different from each other
and loosely coordinated in the sense that acts of one indi-
vidual did not depend on their timing or effectiveness on
acts of other individuals.

The essential problem in each case is determining the
number of individuals necessary to perform specific tasks,
and therefore the coordination necessary between the indi-

viduals involved. Although this seems a simple statement, a
key to improved understanding arises from the principles
we are discussing of requisite variety and scale. Communi-
cation is often considered to increase capability; here we see
that its effect is to increase coordination, which reduces
variety of the whole system and particularly at a fine scale.
When individuals are independent, they may perform many
different possible tasks. When they are coordinated, they
only perform a few possible tasks. Therefore the issue of
independence versus dependence results in a tradeoff of
variety versus scale.

A direct analysis of the problem of coordination provides
insight into the organizational structures that are needed to
perform high-variety tasks. A natural place to begin is the
consideration of control hierarchies, the traditional form of
human organizations. In such a system, the communication
only proceeds up and down the hierarchy, not laterally.
Coordination between workers of different parts of the or-
ganization must be directed by (or at least communicated
through) the manager, whose domain of authority includes
all the participants in that task.

Coordination corresponds to communication that is re-
sponsible for the mutual information between two or more
workers. The information communicated by a part of a
system does not exceed that part’s variety. Each of these
(information, variety) is measured per unit time, where a
certain amount of time is required to switch to the next
state. Assuming that a manager has a limited variety, this
bound on the communication capacity (bandwidth) limits
the coordination of workers under the supervision of the
manager. Specifically, if we measure the conditional infor-
mation, which assumes that we know when the coordina-
tion is taking place and when it is not, then the information
in the manager’s actions is equal to the mutual information
of the workers. (If we do not assume the conditional infor-
mation, then the mutual information is always less than the
information in the actions of the manager, because the
information describing the manager includes the coordina-
tion state as well as what is being coordinated.)

How do we describe a manager? A manager specifies the
state of the subordinates and a coordination mechanism.
We assume that at any particular time the manager can only
coordinate a particular subset, indexed by w, of the subor-
dinates, and at that time these subordinates are fully coor-
dinated, whereas the others act independently (one cannot
be in two places at the same time). g(w) is the number of
subordinates that are being coordinated, which, for values
of zero or one corresponds to no coordination. A specifica-
tion of the manager at a particular time can thus be written
(s,» w), where the state of s,, specifies the states of all the
coordinated subordinates, whereas w specifies which sub-
ordinates are coordinated. For simplicity we do not count
the redundancy provided by the manager (who we assume
does not do the action only specifies it), and therefore s,, is
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not needed in the description of the system because it is
redundant to the actions of the subordinates. We also ne-
glect the information in specifying w by treating the infor-
mation as conditional on the coordination mechanism.
These assumptions can be relaxed without changing the
conclusions. Then we have the multiscale variety for a par-
ticular coordination state given by

D(klw) = v(N = q(w))8¢1 + v8;,q0u)- ()

Combining coordination states, each with a probability

P(w), we have
D(k) = X, P(W)8 i + 841 > P(w)(N — q(w))v.

(5)

This gives the expected bound on the total coordination:

N N
V(2)=2 Dk =2 > P(w)duw=v. (6)

k=2 k=2 w

where the inequality is the quite reasonable statement that
the variety of the system for scales larger than one individ-
ual cannot be greater than the variety of the manager.

This coordination limitation is recursively applied to
each level of managers for the set of individuals under their
supervision so that the mutual information between indi-
viduals (workers or managers) at one level of organization is
limited by the manager that supervises them. This implies,
for example, that the combined mutual information be-
tween all workers is no more than the variety of the first
level supervisors. Assuming that the variety of a manager is
typically no more than the variety of a worker, we would
expect that the limit of mutual information to be N/B, where
B is the branching ratio, i.e., the number of workers super-
vised by a single manager. Higher level managers are simi-
larly restricted in their ability to coordinate the managers at
the lower level. We note that in a conventional hierarchy,
when an upper level manager coordinates parts of the or-
ganization, this information must be communicated
through the lower level managers. This also reduces the
degree to which their own inter-worker coordination can be
performed (i.e., to the extent that the higher level manager
performs coordination, this reduces the capacity of the
lower level managers to coordinate).

We can make a more direct connection to multiscale
variety if we consider a somewhat generalized version of
hierarchical control. In the generalized version of the hier-
archy, managers exist at a certain level of authority super-
vising a certain fraction of the organization, but do not have
a particular set of subordinates that they supervise (the

“matrix organization” [16] is an intermediate case). By not
including the constraint of a strict hierarchy—that a man-
ager has a particular subset of the individuals and cannot
coordinate others outside of this subset, we obtain an upper
bound on the coordination of a more conventional hierar-
chy. If we were to include this additional constraint, then
the coordination of the system is further limited because
then even only two individuals who are in different divisions
of the organization require coordination by the CEO. For the
generalized hierarchical model, we can generalize the equa-
tions above and reach a conclusion that

N
V(2) = > D(k) < Cw. (7)

k=2

where C is the number of managers. This states quite rea-
sonably that the total variety of actions greater than the
scale of one individual is not greater than the total variety of
the managers. For managers having a certain limit on how
many subordinates they can control, so that managers at
level I can coordinate up to B! subordinates, we further limit
the number of those coordinated at larger scales by

N
VBT +1)= 3 D= Cv, (8

k=Bi-1+] U=}

which reasonably states that the variety of behaviors asso-
ciated with a number of individuals is only as great as the
variety of the managers that can coordinate that number of
individuals.

For example, we consider the role of the CEO and assign
him/her the obligation of determining those issues that are
of relevance to the actions of a large proportion of individ-
uals that are part of the organization. If we consider 10% to
be the threshold fraction, then all decisions involving 10% of
the individuals of the organization are coordinated by the
CEO. The maximal possible variety of such portions (at this
scale of action) is 10 times the variety of a single individual.
However, this cannot be done when coordinated by a single
individual; the maximum is the CEO’s variety. More gener-
ally, we can categorically state that to the extent that a single
individual is coordinating the behavior of an organization,
to that extent the coordination (as defined by mutual infor-
mation) cannot have a higher variety than an individual.

We see that for a hierarchically coordinated system, the
combined conditional mutual information of subunits of a
manager cannot be greater than the variety of that manager.
This is not a problem for either of two cases (dictated by
environmental conditions): if the system has a simple co-
herent behavior or if the manager exercises very little con-
trol so that the workers are almost totally independent of
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each other. It is a problem, however, when the behaviors of
subunits themselves have a high variety (greater than that of
an individual) and these must be coordinated. Thus, a hi-
erarchical control system is well designed for relatively sim-
ple large-scale behaviors or for systems with very distrib-
uted control, but not for highly coordinated behaviors, i.e.,
when the coordination of these behaviors is more complex
than a human being can communicate [22, 23].

We can consider these concepts from a phenomenolog-
ical point of view. Centralized coordination of components
was characteristic of scientific management as applied to
the economy of the USSR that specified the coordination of
industrial enterprises. Failures of this system in providing
agricultural products of appropriate quantity but possibly
more importantly of sufficient variety [7, 24] led Gorbachev,
First Deputy Prime Minster in charge of agriculture before
becoming General Secretary of the Central Committee of
the Communist Party, to institute reforms that preceded the
collapse of the Soviet Union.

The general discussion of hierarchical coordination ap-
plies in many contexts. For example, a context where the
same limitation applies is in traditional “systems engineer-
ing.” In the conventional systems engineering approach the
project is recursively broken into subparts. The parts are
then put together, with the task of selecting and coordinat-
ing the subprojects, the domain of the systems engineer.
The failure rate of such engineering projects in recent years
has been remarkably high costing many billions of dollars
{25-27].

The characteristics of the environment that require high
variety, largely independent individuals doing diverse tasks,
rather than large scale, many individuals performing the
same task, has been most clearly learned by the U.S. military
from difficulties in Vietnam and from the Soviet experience
in Afghanistan. Unlike more conventional warfare, complex
terrains and enemy guerrilla tactics require high-variety
rather than large-scale forces. This can be readily under-
stood when we consider the nature of the task of firing at a
dispersed and hidden enemy, possibly among civilians.
Highly coordinated large-scale actions are manifestly inca-
pable of the variety of actions necessary, as measured by the
large number of possible specific locations of the enemy
forces. This shows how the variety of the environment at
different scales is directly related to the variety of a success-
ful system.

The even more highly dispersed Al-Queda and the asym-
metric war against terrorists is generally understood to be
highly complex, and the large number of possible actions
that might have to be taken is a clear indicator of the variety
necessary of the system that might effectively oppose them.

We can consider this same lesson for other societal prob-
lems [28].

Among these problems is the poverty in developed na-
tions and third world development. Despite many efforts

involving substantial resources these problems have proven
to be highly intractable to efforts by governments and char-
itable organizations. The main observation that we make
here is that many of these efforts, such as the “War on
Poverty” and the actions of the World Bank in the Third
World, involved actions based on highly coordinated efforts
using large amounts of financial capital and human beings
following a script, corresponding to a centrally defined set
of actions to be taken. The dominant “holistic” but still
centrally planned approach [29] is insufficient. It has be-
come increasingly apparent that the problem of poverty
involves many different acts to respond to many different
kinds of local, often individual, needs. And the task of Third
World development, with objectives of creating functional
societies that are themselves organizations capable of per-
forming tasks of high variety, is unlikely to be addressed by
large-scale actions.

Similarly, we might consider the problems of healthcare
in the United States, where cost containment is a uniform
large-scale force being applied to a system that involves
high variety in individual treatment by individual doctors.
The effort to apply effective controls over the expenditure of
resources for individual care can be directly related to the
Law of Requisite Variety, which suggests the need for a
high-variety control system is incompatible with a centrally
directed system with comparatively low variety. A direct
symptom of application of a uniform approach to a high-
variety problem is a high rate of failure. The documented
problems with medical errors and quality of care appear to
confirm the diagnosis presented here [30].

We can also consider the education system in the United
States. In recent years the concept of standardized testing
has become the primary mechanism for evaluation as well
as application of force for change toward solving problems
of the education system. Again, the fundamental question
to be asked is whether the task can be effectively met by
such a high-scale, low-variety strategy. The answer might be
framed in terms of the necessary variety of the society that
is to be formed out of the next generation of children,
because this is an essential outcome of the educational
process [31].

To further formalize the Multiscale Law of Requisite
Variety to arbitrary coordination, we use an information
theory framework that can represent any order of correla-
tions between components [5, 6, 32-39]. Conventionally in
studies of physical, biological, and social systems, the focus
is on correlations between pairs of components. A formal-
ism that can consider the coupling of arbitrary numbers of
elements is necessary for a complete multiscale treatment.
The coordination between elements of a system is captured
in the probability over all possible states of the system. We
label the states of the components of the system {s} = {s; i =
1,...N} and the probability distribution of states P({s}). We
are interested in characterizing the variety of responses of
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the system, where each action involves a certain number, k,
of elements. An explicit expression can be found in terms of
the information in subsets of the system. The derivation
requires ensuring that a proper count is made of the differ-
ent levels of coupling. When parts of the system are cou-
pled, the variety in a particular subset of the system cannot
be counted separately from the variety of other parts, i.e. it
may overlap the variety of other subsets of the system. The
degree to which this overlap occurs depends on the multi-
plicity of the underlying dependencies of the variables. A
careful treatment of the combinatorics of k-fold couplings
for all k is necessary. The result is

k ,
bk =3 - (Y ew-p @

where
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(10)

is the sum over the information in all groups of N — j
components, i.e., the information excluding sets of j com-
ponents from the N total number of components. The sum
over {i,...,i} implies a sum over all distinct subsets of j
variables out of the entire set of N variables. To our knowl-
edge this expression has not appeared in the literature and
provides an explicit form for the information in k-fold de-
pendencies for any system described by a probability dis-
tribution over the ensemble. Using this expression, we can
prove by evaluation that, quite generally, a system satisfies
the sum rule given by Equation (1) or (3). This means that
organizational structures, i.e., coordination mechanisms,
always have a tradeoff in behaviors at different scales and
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particularly that large-scale behaviors must come at the
expense of high variety at a fine scale. For the case where
the system partitions into independent groups of fully in-
terdependent components, Equation (9) reduces to a count
of the number of subgroups that have k-components and
thus to the discussion above. More generally, however,
Equation (9) does not reduce to a count of subgroups and
quite different behaviors can be found [38].

In summary, a generalization of the Law of Requisite
Variety suggests that the effectiveness of a system organiza-
tion can be evaluated by its variety at each scale of tasks to
be performed. In its simplest form, when a system has a
high degree of coordination, then it is large scale. When it is
not coordinated, allowing for independent component ac-
tion, then it has high variety. The tradeoff of large-scale
action, as compared to the variety possible when actions of
components are independent provides a direct analysis of
system organization. Although it does not specify that a
particular system is capable of performing a task, it can
provide a necessary condition for such effectiveness. In
considering biological and social systems, such analysis
provides a way of classifying their behavior and considering
the functional role they play in survival and societal func-
tion. The U.S. military became successful in complex war-
fare situations by adopting appropriate organizational
structures to these tasks. In contrast, in many other re-
sponses to difficult social problems, an approach analogous
to conventional large-scale military confrontation has been
adopted. When considering the details of action needed and
the lack of success of traditional approaches, it is reasonable
to suggest that high-variety organizational structures that
are appropriate to these tasks may be more successful [28].
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