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Abstract

Persistent cycles, excess capacity, and disruptive technology in macro dynamics and
divison of labor cannot be explained within the equilibrium-mechanical framework.
Macroeconomic movements can be better described by endogenous fluctuations, such as
the birth-death process and color chaos. Uneven growth can be understood by
market-share competition under resource constraint. Diversified patterns and corporate
strategy in the divison of labor is described by a risk culture in learning by trying. The
Smith dilemma can be solved by the trade-off between stability and complexity. Economic
complexity and market resilience provide a new perspective of economic dynamics.
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[. Introduction: Bridge the Gap between Economics and Biology

Alfred Marshall once remarked that economics should be considered closer to biology
than mechanics (Marshall 1920). Living systems have two essential features: life rhythms,
and the birth-death process. However, the current economic framework is far from
Marshdll’s dream: Economic order is widely formulated by a steady-state solution plus
random noise. Can we bridge the gap between equilibrium economics and evolutionary
biology?

There are two fundamental problems in equilibrium economics: the nature of persistent
business cycles and the diversity in developing the divison of labor. To study these
problems, there are two different perspectives in economic dynamics. the
equilibrium-mechanica gpproach and the evolution-biologica gpproach.

The existence of persistent business cycles and chronic excess capacity is hard to
explain by using equilibrium models in macro econometrics: External noise cannot
maintain persstent cycles in the Frisch model (Chen 1999); Aggregate fluctuations in the
Lucas microfoundations model are too weak for generating large macro fluctuations
according to the Principle of Large Numbers (Lucas 1972, Chen 2002); Random walk and
Brownian motion are not capable of explaining persistent fluctuations in macro indicators
(Chen 2001). Adam Smith once observed that the division of labor was limited by the
extent of the market (Smith 1776). Stigler noted that the above Smith theorem was not
compatible with the Smith theory of "the invisible hand" (Stigler 1951). Needham asked
why did capitalisn and science originate in Western Europe not in China or other
civilizations (Needham 1954). Diversified patterns in the division of labor and corporate
srategies cannot be explained within the equilibrium framewark.

In our analysis, the time scale plays a key role in understanding economic dynamics.
The birth-death processis the first approximation of growth fluctuations. Business cycles
can be further decomposed into a smooth trend, plus color chaos and white noise.
Persistent cycles and structural changes can be directly observed from a time-frequency
representation. Market-share competition and disruptive changes in technology can be
described by the logistic model with resource constraint. Innovative corporate strategies
can be studied from a behaviora model of risk culture and learning by trying. Logistic
curves and product cycles can be inferred from marketing strategy and technological
progress. Divison of labor is limited by the market extent, resource variety and
environmental uncertainty. The Smith dilemma can be solved by the trade-off between
stability and complexity (Chen 1987). Resilient market and economic complexity can be
understood from persistent business cycles and technologica metabolism. Economic
evolution and structural changes can be directly observed from a wide range of time scales,
including product cycles, business cydes, and Kondratieff long waves.

[1. Endogenous Fluctuations and Statistical Nature in Macro Dynamics.
From Equilibrium Noiseto Persistent Cycles
The nature of business cycles is an unsolved issue in macroeconomics. There are two



schools of thought in business cycle theory: the exogenous-shocks-equilibrium school and
the endogenous-cycles-disequilibrium schodl.

The exogenous school has four pillar models. the Frisch model of a noisedriven
damped oscillator, the Lucas microfoundations model of rational expectations, the random
walk and the Brownian motion model in macro and finance theory (Frisch 1933, Lucas
1981, Nelson and Plossor 1982, Black and Scholes 1973). Endogenous cycles are
represented by deterministic oscillators including harmonic cycle, limit cycle, and color
chaos (Samudson 1939, Goodwin 1951, Chen 1988).

In this section, we will show that equilibrium models are not capable of explaining
large fluctuations and persistent cycles in macro movements. The thought experiments that
argue against the existence of economic chaos have fundamental flaws in theoretica
thinking. The birth-death process and color chaos model provide a better picture of market
reslience and the economic clock observed from business cycles.

(2.1) The Copernicus Problem in Macro Econometrics:
Linear and Nonlinear Trendsin Macroeconomic | ndexes

The non-stationary feature of economic growth imposes a great challenge to
theoretical economics and economic physics: How to identify some stable patterns from
an evolving economy? Can we simplify the observed complex movements into some
simple patterns by means of mathematical mapping? This is the Copernicus problem in
meacro econometrics. The time scae plays a criticd role in observing business cydes.

Measurement and theory cannot be separated from each other. The dynamic patterns
from competing observation references can be seenin Fg. 1.

In econometrics, the linear filter of first differencing (FD) is widely applied to
construct an equilibrium (short-term) picture of economic fluctuations. The resulting time
series are erratic and short-correlated (Fig. 1b). The random walk model with a constant
drift is aso called the unit-root model in macro econometrics (Nelson and Plosser 1982).
In neo-classica growth theory, the longterm equilibrium path is characterized by an
exponential growth or a log-linear (LL) trend (Solow 1956). The resulting cycles are
long-correlated. The problem is that measurement is sensitive to the choice of time
boundaries.

An intermediate trend between FD and LL is a nonlinear smooth-trend obtained by the
HP (HodrickPrescott) filter in the real business cycle iterature (Hodrick and Prescott
1981)"". Its correlation time is in the range of NBER business cycles of several years
(Chen 1996a). We will show that the HP trend is better than the other two in giving a
consistent picture of medium-term business cycles. This finding reveals the critical role of
the time scde in choosing a preferred reference system.

" Prescott told the author at the AEA2001 meeting that the HP filter was first used by John von
Neumann. So, a more accurate name is the VHP filter.
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(b). Autocorrelations of detrended cycles.

Fig. 1. Three detrending references and their auto-correlations of detrended cycles
from the logarithmic SPX, the Standard and Poor 500 Price Index monthly series
(1947-2002), N=672.Data source: yahoo.finance.

From Fig. 1b, we can see that the short correlations of FD series look random but HP
cycles have an image of damped cycles, which could be generated by color noise or color
chaos. Color means a characteristic frequency from the observed fluctuations. The
observed variances also depend on the choice of the observation reference trend: the
longer the time window, the larger the variance. The LL indicates the largest time-window
of the entire observationa period. The FD implies the shortest time-window of one time
unit when macroeconomic trends are completely ignored. FD is the root of equilibrium
illusion in macro econometrics. The HP implies a medium time-window in the range of
business cycles.



(2.2) Equilibrium Illuson in Business Cycle Theory:
The Challenge of Large and Persstent Fluctuations

The four pillar models in equilibrium theory of business cycles have anaytical
solutions, which have fundamental difficulties in understanding persistent business cycles.
The popular belief in an efficient market would be in trouble when economic complexity
exigs.

(2.2.1) Frisch Fantasy of Noise Driven Cydes.
A Perpetud Motion Machine of the Second Kind?

Frisch realized that the linear model has margina stability in parameter changes [We
will further discuss this issue in section (3.3.1)]. He specul ated that persistent cycles could
be maintained by a stream of random shocks. He claimed this scenario in an informal
conference paper (Frisch 1933). Equilibrium economists quickly embraced the Frisch
model because the stable nature of a market economy could be preserved by a damped
harmonic oscillator with friction. However, the Frisch speculation was rejected by
physicists in their study of the harmonic Brownian motion, which was solved analytically
before Frisch (Uhlenbeck and Orngtein 1930).

The conclusion in physics is contrary to the Frisch fantasy: the harmonic
oscillation under Brownian motion will be dampened in an exponential way. Persistent

cycles cannot be maintained by random shocks. The relaxation time T, and realized

period T, can be estimated from observed autocorrdations
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For the Brownian oscillator model of the logarithmic US real GDP, the estimation of
relaxation time depends on the choice of the observation reference system. American
business cycles would cease within 4 years for FD or 10 years for HP cycles respectively
(Chen 1999). The FD reference is worse than the HP reference, since the FD cycles need a
large source of externa noise, whose standard deviation should be 30 % larger than the
standard deviation of the US real GDP. Since the US economy is the largest in the world,
we could not identify an externa source to drive American business cycles. Clearly, a
linear ostillator is not capable of modding persastent cycles.

Historically, Frisch quietly abandoned his model as early as 1934. Frisch's promised
paper, "Changing harmonics studied from the point of view of linear operators and erratic
shocks,” was advertised three times under the category "papers to appear in early issues’
in Econometrica, including Issue No. 2, 3, and 4 of Volume | (April, July, and October
1933). The promised paper was never published in Econometrica where Frisch himself



was the editor of the newly established flagship journa for the Econometric Society.
Surprisingly, Frisch never mentioned a word about his prize-winning model in his Nobel
gpeech in 1969 (Frisch 1981).

If Frisch could use random shocks to generate persistent cycles, it implies a perpetual
motion meachine of the second kind, which violates the second law of thermodynamics

(2.2.2) The Lucas Issue of Microfoundations and the Principle of Large Numbers

The new classical school called for microfoundations of macroeconomic fluctuations.
L ucas suggested that independent fluctuations at the level of households or firms (e.g., the
inter-temporal substitution between work and leisure) would generate large fluctuations at
the aggregate level (Lucas 1972, 1981). He simply ignored the essential differences
between the one-body/many-body problem.

As afirst approximation, we may consider a macro economy as a static system with N
identical agents. The macro economy can be described by their total output. We assume

that fluctuations in a firm's output or a household's working hours follow an identical
independent distribution. The mean is m, the standard deviation is S . Based on the law
of large numbers and the central limit theorem in probability theory, the mean of the
aggregate positive output is Nm, while its variance is Ns 2. Therefore, we can define

the relative deviation (RD=Y) by the ratio of the standard deviation to the mean when the
mean of pogtive varidblesis not zero:

Y =X ARS_ € whereC =2 (22
mean[S,] /N m

For a nonstationary process with internal fluctuations, a linear birth-death process for
economic growth will generate similar results (Chen 2002). We can define an implied
number N*, which can be estimated from the observed macro series:

—_ 1 —_ mnacro ?
N* == = =5 (23)

macro macro

We can say that the relative deviation for aggregate fluctuations of N statistically

independent positive elements is in the order of i: we call this rule based on the law

N

of large numbers and the central limit theorem The Principle of Large Numbers. The
relative deviation is a very useful measure for a wide class of systems with a positive



range of variables, such as population, output, working hours, and price.

Empirical measurement of the rekative deviation depends on the reference system in
observing business cycles. Here, the relative deviation is measured by the ratio of the
standard deviation of the HP cycles to the mean of the HP trends within a moving time
window since the HP reference produces the largest implied numbers, which are
compatible with empiricd facts (Table I). Other references have even worse results.

Tablel. The Reaive Deviation and Implicit Number of Degrees of Freedom
For Severd Macro Indexes by HP detrending (1947-2000)

Y (%) [N*] | GDPCILn PCECC9%Ln | GPDICILn LBMNULn
HP 0.21]200,000] | 0.17[300,000] | 1.3(6,000] 0.29(100,000]
Here GDPCL1 is the US rea gross domestic product n 1996 US dollars, PCECC96, the
real persona consumption; GPDICL1 the real domestic investment; and LBMNU the hours
of nonfarm business. The estimates of relative deviations are averages over the period
from 1947-2000 with logarithmic deta series.

The magnitude of the relative deviation of macro indexes is in the range of 0.2 to 1
percent; its implied number is between 200,000 and 6,000. How can we associate these
figures with the actual numbers in the US economy? According to the U.S. Bureau of
Census, there were 81 million households, 3 million corporations with more than
$100,000 in assets, and about 20 thousand public companies in 1980. If we compare these
numbers with the implied numbers under HP trends, we can see that the observed implied
numbers of these macro indexes are several hundred smaller than household or firm
numbers. In another words, the observed relative fluctuations are at least 20 times larger
than could be explained by the microfoundations modelsin labor or producer markets.

There are severd implications from comparisons of these numbers.

First, the representative model in the real business cycle theory is not valid, since the
observed implied numbers are much larger than one.

Second, fluctuations in households or firms are not capable of explaining large
relative deviations in aggregate output, consumption, business hours, or investment.

Third, financial intermediaries and industrial organizations appear to play a critica
role in generating large business fluctuations since the number of large companies and
large financia corporations matches the quantitative range required by implied numbersin
investment.

A further examination of the Lucas model of inter-temporal substitution between
goods and leisure reveals fundamental flaws in equilibrium thinking. In the Lucas island
economy, identical agents believe and act in perfect correlation under rational expectations.
If these agents have individual freedom of choice, arbitrage activity will eliminate
correlations among individua fluctuations. Lucas claimed that government policy was
effective only when it was unexpected. Similarly, rationa expectations cannot last long if
they mislead believers! Diversified choices are driven by conflicting interests rather than a
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common belief in a competitive but unequal society. The rational expectations hypothesis
suffers the same self-defeating syndrome of macro econometrics under the Lucas critique.
Clearly, the efficient market, rational expectations, and microfoundations theories do not
provide a consistent framework for business cycle theory. They are, in fact, contradictory
in explaining large business fluctuations

(2.2.3) The Endogenous Mechanism and Sttigtical Property:
The Birth-Desth Process againgt the Brownian Mation and Random Walk

In modeling stochastic gr owth, the exogenous school is based on the drifted diffusion
model, which is aso called the geometric Brownian motion model in finance theory
[Black and Scholes 1973]. Two stochastic models of endogenous fluctuations are used in
the economic theory of growth and fluctuations: the random walk model and the
birth-death process [Nelson and Plossor 1982, Chen 2002. It is widely perceived that the
three stochastic models have similar behavior. There is little doubt about the validity of
geometric Brownian motion in economic dynamics.

In the previous section, the relative deviation (RD) plays a fundamental role in
studying microf oundations. RD is quite stable for observed macro indicators. Here, we
further compare the relative deviations for three popular stochastic models of growth and
fluctuations. Thar andyticd results are shown in Table 11 (Chen 2001, Li 2002).

Teblell. The Statistical Properties of Linear Stochastic Processes

Order Drifted Diffuson Birth-Death Random-Wdk
Men ~ eq(1t) ~ eq(1t) B
Vaiance 2 ~t
~exp(2rt)}{e’ " - 1 ~e'(e" -]

RD s, : 1 1
~e2 .(l-e") ~— ~—=
JN, Jt

Here, N, isthe size of initial population of micro agents in the birth-death process and

r>0 for economic growth.

From Table |1, we can clearly see that both the random walk and the Brownian motion
model cannot generate sustained fluctuations. the random walk is damping and the
diffuson model is exploding in time. It is interesting to note that these two models are a
representative agent model in nature. The persistent pattern in economic fluctuations could
only be explained by the birth-death process, which is a population model of growth and
an endogenous model of fluctuations. This result raises a fundamental chalenge to
equilibrium models in terms of representative agent and exogenous fluctuations in
meacroeconomics and finance theory.



(2.2.4) Monetary Neutrdity and Coordination Cogt:
Ricardo Device, Loschmidt Paradox, and Uneven Didtribution

The Ricardo device is a thought experiment to justify the neutrality of money. Here,
thought experiments are named by their authors. The Ricardo device is the hypothetical
operation of doubling overnight the cash holdings of all business enterprises and
households without changing relative prices. It means that al supply and demand
functions are a homogeneous function of zero degree, which is the basic argument against
Keynesian economics (Leontief 1936). Ricardo ignored the redistribution problem in an
unequal society. The Ricardo operation implies a legidation of progressive subsidy or
regressive taxation, which has no chance of winning in parliamentary politics. The
Ricardo device can only work in a primitive economy with an even digtribution of wedth.

The Ricardo device in economics is very similar to the Loschmidt reversibility
paradox for challenging Boltzmann's H theorem of thermodynamic irreversibility (Brush
1983). Loschmidt argued that one should be able to return to any initial state by merely
reversing all molecules velocity under Newton's law. The trouble here is the huge
coordination costs. As noted by Boltzmann in 1877, the possibility of reversing all the
initial conditions is very unlikely in dealing with a large system with many particles. The
empirical and theoretical evidence of monetary chaos is a challenge to the neutrality of
money (Barnett and Chen 1988, Chen 1988). Our finding may revitalize the Austrian

theory of endogenous money.

(2.2.5) Rationd Arbitrager and Non-Replicate Patterns.
Friedman Spirits, Maxwel Demon, and Information Ambiguity

Friedman spirits are rational arbitrageurs who wipe out any destabilizing traders on a
speculative market (Friedman 1953). The implication is that no structures can exist in a
competitive market, which isthe main argumert for the efficient market hypothesis.

Friedman spirits behave much like the Maxwell demon in equilibrium
thermodynamics. The Maxwell demon is an imaginary gatekeeper trying to create a
non-equilibrium order from an equilibrium state by operating a frictionless sliding door
between two chambers that are filled with moving molecules. Maxwell assumed that his
demon had perfect information about the speed and position of all molecules such that he
could only alow a fast molecule into a designated portion by opening or closing the
mass-less valve in perfect timing. Therefore, by utilizing information in a smart way, the
Maxwell demon could create a temperature difference without doing work, that outcome is
contrary to the second law of thermodynamics. No information cost is essential for its
operation.

Friedman spirits face a similar problem as the Maxwell demon but in an opposite
situation. To eliminate any market instability, Friedman spirits need perfect information
and unlimited resources. However, informationally efficient markets are impossible
because of the information cost (Grossman and Stiglitz 1980). Under financial constraints,



the Friedman spirits may give up negative feedback strategy by following the mass
psychology to avoid arbitrage risk, which results in creating instability (De Long et a
1990).

There is an even greater problem of information ambiguity. Friedman assumed that a
winner's imitator could quickly replicate the winning pattern and drive down the profit
margin to zero. This scenario could be true only if the destabilizing pattern were replicable.
This is unlikely because of imperfect information (having only finite data with significant
noise and time delays), information ambivaence (in face of conflicting news and
mis-information), unpredictable events (such as a financia crisis and changing structure),
and limited predictability (existence of deterministic chaos or wavelet). The critical issue
of information ambiguity is not only associated with bounded rationality but also rooted in
dynamicd complexity (Simon 1957, Chen 19933).

(2.3) Living Rhythms and Economic Organisms:
Color Chaos versus White Noise

The controversy of noise vs. chaos reveals the limitations of numerical tests in
parametric econometrics and nonlinear dynamics (Chen 1988, 1993a, Brock and Sayers
1988, Benhabib 1993). Testing deterministic chaos in a nonstationary economic time
series is more difficult than that of stationary data in laboratory experiments. Conventional
econometrics could detect nonlinearity but not chaos. The critical issue here is finding a
proper representation in dealing with a non-stationary economic time series.

In this section, we will introduce the Wigner transform in Gabor space for separating
noise and cycles. We found abundant eviderce of color chaos, which is smilar to a
biologica dock.

(2.3.2) The Uncertainty Principle and Gabor Wavelet
The uncertainty principle in time and frequency is the very foundation of signa
processing:

1

Df Dt 3 —
4p

24

Here, f isthe frequency and t is time. Minimum uncertainty occurs for a harmonic
wave modulated by a Gaussian envelope, which is called the Gabor wavelet in signd

processing or a coherent state in quantum mechanics. This is the very foundation of
time-frequency andyssin the two-dimensond time-frequency Gabor space,

(2.3.2) Separating Noise and Cydesin Time-Frequency Space

For analyzing a time-dependent series, we introduced a new analytic tool, the joint
time-frequency analysis (Qian and Chen 1996, Chen 1996ab). A time-varying filter in a
twodimensiona time-frequency lattice space can be applied for separating cycles and
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noise. Its localized bases are the Gabor wavelets. The filtered and unfiltered HP cycles are
shown in Fig.2. The deterministic pattern of filtered HP cycles can be clearly seen from

the phase portrait in Fig.3.
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Fig. 2. The filtered FSPCOM (S&P 500 Price Index) HP cyclic series Xg

closely resembles the original time series Xo0. The correlation coefficient between
Xg and X0 is 0.85. The ratio of their variance is 69 %. The correlation dimension
of Xgis2.5. Datasource Citibase.
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Fig. 3. The phase portraits of the unfiltered (the left plot) and the filtered (the
right plot) FSPCOM HP cydles. Thetime dday T is 60 months

The phase portrait of filtered FSPCOM HP cycles shows a clear pattern of
deterministic spirals, a typical feature of color chaos. Color chaos here refers to the
nonlinear oscillator in continuous time. Color shows a strong peak in Fourier spectrum in
addition to anoisy background (Chen 1996b).
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(2.3.3) Naturd Experiments of Economic Clock:
Intringc Ingtabilities and Externd Shocks in Evolving Economies

According to new classical economists, business cycles are all aike if they are
generated by pure stochastic processes (Lucas 1981). From new observations in
time-frequency anaysis, we find that business cycles are not al alike because of strong
deterministic components. The time-frequency patterns of macroeconomic indicators
resemble biological organisms with multiple rhythms. The frequency path can reved
vauable information in economic diagnogtics and palicy sudies (Chen 1996h).

Our picture of an economic clock is a dramatic contrast with those of a random walk in
equilibrium economics. Can we conduct some out-of-sampl e tests to distinguish these two
approaches? Perhaps not, because nonstationarity is the main obstacle to the application of
statistics. However, the natural experiments of the oil price shock and the stock market
crash demonstrate that time-frequency representation reveals more information than
white-noise representetion (Fig. 4).

Pb History of FSPCOM HPc
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15| ___ OilShock
——- StkCrash
v
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5L J
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Fig. 4. The time path of the basic period Pb of FSPCOMIn (the S&P 500 Price
Index) HP cycles stock market indicators. The basic period Py shifted after the oil
price shock in October 1973, which signaled an external shock. In contrast, the
frequency changes occurred before and after the stock market crash in October
1987, which indicated an internd ingtability during the crash.

Our finding of persistent cycles supports the biological view of business cycles
(Schumpeter 1939).

In addition to stock market indexes, persistent cycles are widely observed from HP
detrended economic aggregate indicators, including the gross domestic product,
consumption, domestic investment, long-term interest rates, monetary supply indexes, the
velocity of money, the consumer price index, and the unemployment rate (Chen 1996a).
The range of their characteristic period is from two to ten years, a common feature of
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NBER business cycles. The noise component ranges from 20 to 50%. Certainly, not al
macroeconomic indicators behave like biological clocks. Short-term interest rates and
foreign exchange rates are very noisy. This information provides a valuable guide for
macroeconomic sudy.

The frequency stability of economic indicators is remarkable. Surprisingly, market
resilience is quite robust since most characteristic frequencies are very stable under
external shocks and interna instabilities. The stock market crash in October 1987 led to a
23.1 percent drop in the level of the S&P 500 index in two months, but only a
6-percentage shift in its characteristic period.

The existence of persistent cycles within business fluctuations is strong evidence of
economic color chaos. We should point out that the term of “chaos” has a negative image
of disorder. We use the term of “color chaos’ which adds a life rhythm to a nonlinear
oscillator in continuous-time. Color means a characteristic frequency, which is similar to a
biological dock. Thisis a contragt to white noise, which has no characteristic frequency.

(2.34) Structurd Ingability and Market Resllience
The structural stability of a market economy is hard to explain within the framework

of linear dynamics. This problem can be demonstrated by the Samuelson
multiplier-accelerator model (Samuelson 1939). The structural instability of the periodic
mode in the Samudson mode can be seen in parameter space (Fig. 5.
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Fig. 5. Stahility pattern of Samuelson model in parameter space. Here, ST denotes
the steady state; DO, damped oscillation; EO, explosive oscillation; EP, explosive
olution; PO, linear periodic osaillation.

We can see that the periodic regime PO has only a marginal stability on the borderline
between DO and EO. A small deviation from PO in parameter space will lead to damped
or explosive oscillations. The unit-root model in econometrics has similar marginal
stability at the unit circle (Nelson and Plosser 1982). The problem of structural instability
is common for linear models. In the real world, a market economy is very resilient under
various shocks

The problem of structura instability in linear models could be solved by nonlinear
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models. Consider the example of the soft-bouncing oscillator or "freeway model," which
is a mixed difference-differential equation with a targeted floor and ceiling (Chen 1988).
Overshoating is causad by time-ddlay t in feedback control:

S X(t-1)?
¥:aX(t)-bX(t-t)e[ 7 25)

Where X isthe deviation from the target; t the time delay; £s , the targeted floor and
ceiling. The soft nature of control targets is characterized by a non-polynomial control
function.

We may consider the left-side of Eq.(2.5) as the rate of change in excess-supply, while
the right-side has a linear supply function but a nonlinear demand function.
Soft-boundaries can be observed in many economic mechanisms, such as monetary
control and the target zone of an exchange rate.

A color chaos model of the soft-bouncing oscillator has a unified explanation of
structural stability and pattern changes (regime switch) (Fig. 6). Pattern stability can be
maintained under externa shocks as long as a parameter shift does not cross a regime
boundary, since periodic and chaotic regimes have finite measures. A regime switch occurs
when an attractor moves into another regime in parameter space. During a regime switch,
a small deviation in a parameter may induce a dramatic jump in dynamical patterns. In
other words, a quantitative change leads to a qudlitative change in such aStugtion.
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Fig.6. Stability pattern in parameter space. Here, ST denotes the steady state; C1,
C2, C3 are limit cycles of period one, period two, and period three respectively;
CH, the chaos mode in continuous time. The complex regime CP is enlarged in (b)
that includes dternative zones of limit cycles and cheos.
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[11. Market-Share Competition, Excess Capacity and Creative Destruction:
Behavioral Dynamics and the Complexity Puzzle in the Divison of Labor

There is a visible chasm between microeconomic theory and macroeconomic
dynamics. In the Arrow-Debreu model in microeconomics, economic order is
characterized by a fixed point solution, while persistent fluctuations are observed in macro
dynamics. There is also a culture gap between armchair economics and the business
community. There is no room in microeconomics for product cycle, market-share
competition, and entrepreneurship, which are core issues in business economics.

Social division of labor can be described by a biological model of species competition
(Houthakker 1956). From the previous discussion on the nature of business cycles, we had
strong evidence of endogenous fluctuation and intermediate structure. In this section, we
will study industrial foundation of business cycles, which is rooted in market-share
competition and economic metabolism. In dealing with macroeconomic fluctuations, both
Keynesian and new classical economics focus on the demand side, but economic
recessions and crises are rooted from excess capacity in the supply side. We will integrate
Schumpeter’s idea of “creative construction” into Adam Smith’s origina idea of market
extent in the division of labor. The behavioral dynamics based on a generalized population
dynamics will shed new light on market-share competition, disruptive technology, the rise
and fall of industries or organizations. We may have a new understanding of the Smith
dilemma from the pergpective of complexity science.

(3.1) Resource-Limited Growth and Market-Share Competition:
Disruptive Technology and Economic Metabolism

Technology advancement is the driving force of industrial economies. The birth and
death of technologies and waves of product cycles are common features of a modern
economy. Industry competition for increasing market share is largely driven by technology
rather than price. The essence of industrial revolution is opening up new resources, not
just an efficient utilization of existing resources. The question is how to describe
disruptive technology changes in economic dynamics. The production function in
neoclassical mechanics and endogenous growth theory has a fixed parameter for a scale
economy, technology innovation is represented by small disturbances (in the form of
random noise) in the real business cycle model; they cannot describe the rise and fall of an
indudtrid technology.

In this section, we introduce the ecological model of market-share competition. The
economies of scale and scope are described by the market size in logistic growth and the
number of resources available. Product cycles and excess capacity can be understood by
co-existence of old and new technologies. The continuous flow of technology wavelets is
the ultimate root of uneven growth and business cydesin amacro economy.
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(3.1.2) Logidtic Growth and Dynamic Return to Scde

In business practice, margina pricing could not be a winning strategy. Two widdy
used pricing strategies are cost-plus pricing and strategic pricing (Nagle and Holden
1995). Generaly speaking, output and market share for a product will grow when the
profit margin for a product islarger than zero:

%an(pc) (314

Where n is the output, P the unit price, C the unit cost; the profit margin for a
product F(p,c) =(p- c).
If the market extent for the product is N’ , the profit margin must decline to zero

when the growth space (N* - n) shrinks to zero [Zhang 2003):

F(p.c)=(p- ¢)=k(N"- n) (310
Combine (3.18) and (3.1b), we have

dn
—=kn(N*-n 3.1c
™ ( ) (319

This is the well-known logistic (Verhelst) equation in theoretical ecology (Pianka
1983). Its solution is a Scurve, which is known in management science (Porter 1980). The
market extent N * can be considered as a function of existing technology, population size,
resource limitation, and cost structure. Unlike neoclassic microeconomics, any realistic
product or technology has its market extent. Technology advancements are characterized
by a sequence of technology shifts. Therefore, technology advancement can be better
described by a disruptive change in resource celling, rather than a continuous

accumulation (Christensen 1997). The key point here is the growth space (N* - n) . As

long as there is a growth space, the profit margin will be more than zero, which is true for
both monopolies and small firms. This is the essential difference between our approach
and neo-classcal economics.

For a more general case with birth (growth) rate k and death (exit) rate R, the
logigtic equation has the generd form:
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%zf(n)zkn(N-n)-Rn=kn(N*-n) (31d)

N* =N - (3.1¢)

R
Kk

Clearly, economic competition for market-share is similar to biological competition for
living niches, where the market extent can be described as the population limit or carrying
capacity N .

In a decentralized market, the logistic equation can be applied to technology diffusion
or information dynamics (Griliches 1957, Bartholomew, 1982). In learning dynamics, nis
the number of adopters of new technology or the size of the occupied market, (N-n) is
the number of potential adopters or the size of an unoccupied market, k is the learning rate,
R is the removal rate. This perspective would be very useful for later study of culture
orientation and corporate Strategy.

The logistic curve has a varying degree of dynamic economy of scale. The model has a

dynamic increasing return for f">0 when0<n<0.5N" and dynamic diminishing

return for f "<0 whenn>0.5N". For a model of asymmetric growth, the reflection point

may not be the middle point. In contrast, the production function in neo-classical
microeconomics has fixed returns to scale. The supply curve does not exist for increasing
return to scale under an optimization scenario. Therefore, the neo-classica theory of firm
Isnot cgpable of describing economies of scale and market-share competition.

(3.1.2) Two-Species Competition and the Source of Excess Capacity
When there are two competing technologies, their market shares are characterized by

their resource ceilings N, and N, . The Lotka-Volterra competition equation in

population dynamics can be applied to market-share competition under conditions of
limited resources (Pianka 1983).

d
d_r,:l: klnl(Nl' n - b nz)' R1n1 (3-2)

dn,
dt

= kznz(Nz -n, - b n1)' Rznz
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Where n,, n, are population (or output) of species (technology or product) 1 and species
2, N; and N, their carrying capacity (or resource limit); k, and k, their growth (or
learning) rate; R and R, their removal (or exit) rate; b is the overlapping (or

competition) coefficient in resource competition ( 0 £ b £ 1 ). The equations can be

simplified by introducing effective carrying capacities C, =N, - % . In this moddl, the

essence of price competition is still in the form of market-share competition, since a better
qudity or chegper price implies alarger market extent N, .
When b = 0, there is no competition between the two species. Both of them can

grow to their market limit. A firm or industry without competition could realize s full

cgpacity to occupy the designated market share C..
Species 2 will replace species 1 under the following condition. The winner may have a
higher resource capecity, afagter learning rate, or asmdler degth rate:

_&: = _&
b(N, - -2 =bC,>C, =(N,- ) 33

2 1

When 0<b <1, the two species can coexist. However, the realized market share

would declinefor both species:

C, 1

b<=2<=— 3.
2 (349)

. C,-bC

n1:#<cl (34b)
C,-bC

2 ]2.'b21<C2

1 . « (C +C
HCRISEL SRR S R (340)

18



From (3.4c), we find excess capacity may increase up to 50% under symmetric
technology competition. Excess capacity could be even higher under asymmetric
competition. Now, we may solve the puzzle observed in section (2.2.2): why is investment
fluctuation much larger than that in GDP and consumption? The excess capacity is caused
by co-existence of old and new technology, not just a speculator’s psychology (so-called
“animd Firit” by Keynes.

A striking fact is that the chronic excess capacity in U.S. industry persists on alevel of
about 18%, which is hard to understand by optimization theory (Hall 1986). We may

caculate b for two empirical cases. b is 0.22 for 18% excess capacity in US, and

0.52 for the 36% excess capacity for Chinain 1995. The excess capacity can be a measure
for Schumpeter's " creetive destruction.”

(3.1.3) The Lotka-Volterra Wavelet and the Stages of Economic Growth

A numerical solution of Eqg.(3.2) is shown in Fig.7. Without competition, the growth
path of species 1 would be a Scurve. However, the realized output of technology 1 looks
like an asymmetric bell curve. This feature represents a product cycle in marketing and
management literature (Moore 1995). We call it the Lotka-Volterra (LV) wavelet, which is
a result from the competition of technology 2. The envelope of the aggregate output has
both growth trends and cycles that mimic the pattern of a macroeconomic index. Now, we
understand why persistent business cycles are well portraited by time-frequency
representation, since the asymmetric Bell curveis close to the shagpe of abdl curve.
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Fig. 7. Staged economic growth characterized by dynamic path of
Eq.(3.2). The output envelope is the sum d competing species. Here,

b= 0.4, C,/C, =2.Theunitshere are abitrary.

We may characterize industrial revolution as a higher resource ceiling or a larger
market extent. Seemingly continuous growth can be decomposed into a sequence of staged
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growth or disruptive changes in technology advancement (Rostow 1990, Christensen
1997). The time scale of a LV wavelet varies from a product cycle of severa months to a
Kondratieff long wave of severa decades, depending on the questions asked in history.
Financial crises are often triggered by emerging technology and subsequent bifurcation in
investment choice.

(3.2) Risk Attitude and Corporate Culturein Behavioral Dynamics

In equilibrium finance theory, the financial risk is characterized by the variance around
the mean of returns; rational agents are defined by risk-averson behavior. In our
competition model, we introduce another kind of risk: the risk facing an unknown market
or technology. This concept of learning by trying is inspired by Schumpeter's idea on
entrepreneurial spirit. Competing corporate cultures are characterized by their risk attitude
in facing achdlenge or opportunity.

(3.22) Learning by Trying: Risk-Averson versus Risk-Taking Behavior

The culture factor plays an important role in decision-making and corporate strategy.
There is a great variety in the degree of "individualism" or risk-taking among different
cultures. Both risk-aversion and risk-taking strategies are observed when competing for an
emerging market or new technology (Fig. 8). From this perspective, knowledge in old
technology does come from learning by doing, which is an accumulation process in
endogenous growth theory (Arrow 1962). In a new market, knowledge comes from
learning by trying, which is a tria and error process in evolutionary economics (Chen
1987, 1993n).

hew rarket mature market
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(8. Risk-averson behavior.
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(b). Risk-taking behavior.

Fig. 8. Risk-aversion and risk-taking behavior in competition for market share
and technology advancemen.

When facing an unknown market or unproved technology, risk-averting investors often
follow the crowd to minimize the risk, while risk-taking investors take the lead to
maximize the opportunity. A critical question is. Which corporate culture or market
drategy can win or survivein argpidly changing technology or evolving market?

The original logistic equation describes a risk-neutral behavior by assuming a constant
removal rate. We introduce a nonlinear removal rate as a function of the learner's
population ratio and the behaviora parameter a (Chen 1987):

R(r,a,%) = r(1- aﬁ) Where - 1<a<l. (35)

We may consider the constant r as a measure of the learning ability or degree o
difficulty in sudying a new technology.

The factor a is a measure of risk orientation. If a>0, it is a measure of
risk-aversion or collectivism. When few people enter the new market, the exit rate is large.
When more and more people accept the new technology, the exit rate declines. On the
contrary, if a<0, it is a measure of risk-taking or individualism. When varying a from
minus one to plus one, we have a full spectrum of varying behavior, from an extreme
conservatist to an extreme adventurer.

(3.2.2) Resource-Saving and Resource-Consuming Cultures
The equilibrium rate of resource utilization is

r
- )
n *
N e (369
- )
Nk
Moo <Moo <M (360)
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The resource utilization rate of the conservative species (n..,) is higher than that of

the individualist species (n,., ). The individualist species needs a larger subsistence space

than a conservative one in order to maintain the same equilibrium size n*. Therefore,
individualism is a resource-consuming culture while collectivism is a resource-saving
culture (Chen 1991, 1993b). This difference is visible between Western individualism and
Oriental tradition. Cultural differences are rooted in economic structures and ecological
constraints. Resource expansion is a key to understanding the origin of a capitalist
economy and the indudtria revolution (Pomeranz 2000).

(3.2.3) Market Extent, Resource Variety, and Economy of Scde and Scope
In an ecological system with L species, resource capacities are N;,N,,...,N,. The

economy of scope and scale can be described by a system of coupling logistic-type
equations. Here, the market extent is represented by the resource capacity N, while the

scope of economies is described by the number of species L . The division of labor can be
characterized by the coexistence of competing technologies.

Let's start from the simplest case with only two species with competing technologies
and cultures (Chen 1987):

d
d_r:l =kn,(N;- n; - bn,)-rn1- alil_nl) (37

1

dn,
dt

=k,n,(N, - n, - bn)-rn,(1- alilnz)

2

Here n,,n, is the new technology adopters in species one and species two respectively.

Wedsotake b =1 for ampliaty.

(3.2.4) Late-Comer's Opportunity and Entrepreneur’ sAdvantage

We may solve Equation (3.7) in the same way in section (3.1.2). The replacement
condition is
a,r
1- 222
( N )

#Cl for species 2 replace species 1. (38)

c, >
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What would happen when an individualist species competes with a conservative one?
If two species have equa resources (N, = N, ), then, the conservative species will replace
the individualist one. If we compare (3.8) with (3.3), a latecomer from a conservative

culture has a better chance to beat the individualistic leader evenif C, £C, when b »1

and O0<a, »1. Thisis the story of how the Soviet Union and Japan caught up with the

West in the 1950s and 1970s respectively. Conservative culture can concentrate its
resourcesin a"catching-up' game.

Therefore, the only survival strategy for an individualist species in competing with a
conservative one is to explore a larger resource or learn faster. If we consider
entrepreneurship as a risk-taking culture, then we may reach a similar conclusion to
Schumpeter's -- constructive destruction is vital for capitalism in the competition between
socialism (collectivism) and capitalism (individualism). Once innovations fail to discover
new and larger resources, the individualist species will lose the game to the conservative
in the exigting markets

(3.2.5) Progressive Culture and a Plurdigtic Society
Now, we examine the coexistence condition:

N.- T2
b 2k 1 ar
< 2 <11 Bolay 39
(1- ﬂ) N, - L k,N,
klNl kl

From EQq.(3.9), two individualist species may coexist. Individualism is the root of
diversity and democracy in the divison of labor and capitaism. However, two
conservative species cannot coexist, the only result is one replaces the other. This is the
story of peasant wars and dynastic cycles in Chinese history. Therefore, division of labor
cannot emerge in a conservative society, which is a theoretical answer to Needhanis
question (Chen 1987, 1991).

(3.2.6) Culture Dimengon and Thermodynamics of Evolution

Max Weber identified the accumulation of capital as the essence of the Protestant and
the capitalist culture; he also considered Confucianism as the main barrier to developing a
market economy (Weber 1930). We disagree. The rise of Asian tigers and the success of
Chinds reform is strong evidence that the Confucian culture of family values, equal
education, and encouraging saving may be a positive factor in developing a market
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economy. The key difference of China before and after 1979 is its operrdoor policy and
access to the world market. This is the most important lesson the author learned from
Prigogine's thermodynamics of evolution (Prigogine et d 1972).

According to Prigogine, there are three types of order: Maximum entropy (disorder) in
an isolated system is dictated by the second law of thermodynamics where no structure
exists, Equilibrium structure (such as a crystal) can exist in a closed system where energy
Is exchanged with the surroundings; Nonequilibrium order can only emerge in open
systems where a dissipative structure is maintained by continuous energy flow, matter
flow and information flow. Certainly, any living or economic system is an open system by
nature. However, the essential pattern in social evolution depends on the degree of
openness. The rise of the West is a clear history of resource expansion, first by geographic
discovery of the New Continent, then by revolutions in science and technology. In contrast,
Chinds involution was mainly caused by land limitation and technological stagnation
(Huang 1985, Chen 1991, 1993b). China did reverse its involution after its access to
modern technology and the world market.

(3.2.7) The Number of Resources and the Competition Exduson Principle

From Eq. (3.4), we have the well-known "competition exclusion principle" in
theoretical biology, since complete competitors cannot coexist. It implies that the number
of species should equa the number of resources.

However, the definition of species and division of resources is arbitrary (Pianka 1983).
There are similar problems in the theory of complete markets. In other words, the number
of prices should be equal to the number of assets in market equilibrium models.
Equilibrium in the asset market is defined by the absence of arbitrage opportunity, which
implies linear pricing (Ross 1976). In fact, nonlinear pricing is widely observed in the
form of volume discount, credit rationing, and strategic pricing that are shaped by market
uncertainty, information asymmetry, and scale economy.

Our model overcomes this difficulty. According to Eq. (3.9), the outcomes of

competition also depend on the behavioral factor g Therefore; the number of spedes

may not be equal to the number of resources. This may shed light on the mechanism of
price differentiation.

(3.3) The Complexity Puzzde and the Smith Dilemma

There are conflicting perspectives on convergence or divergence issues in division of
labor. The neoclassical school believes in market convergence based on optimization and
rationdity (Yang and Borland 1991, Becker and Murphy 1992). Division of labor could be
a divergent process with bifurcation and uncertainty, where multrhumped distributions
and path-dependence are rooted in nonlinear interactions (Chen 1987, 1992, Arthur 1994).

Interestingly, the Smith dilemma in classical economics is related to the complexity
puzzle in theoretical ecology and the science of complexity. The question is whether or not
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increasing complexity is associated with increasing stability. Some biologists believe the
correlation is positive. The doctrine of "the survival of the fittest" seems to imply that the
fittest must be stable. However, mathematical simulaions produced negative correlations.
We cdl thisa complexity puzzie (May 1974, Chen 1937).

Contrary to the belief of some biologists and many economists, we suggest that
evolution from simplicity to complexity does decrease a system's stability, but it also
increases the potential for further development. We call the negative correlation the
trade-off theory between stability and complexity, or the trade-off between security and
opportunity. This trade-off provides a clue to solving the Smith dilemma. We will discuss
system dability under environmenta shocks.

(3.3.2) Mondlithic Society and Stahility under Environmenta Shocks
Let us start from a single species. By means of the Langevin equation and
Fokker-Planck equation, we may consider a stream of andom shocks adding to the

carrying capacity (market extent) N . The realized equilibrium size X is reduced by a
fluctuating environment, which is described by the variance of shocks:

r ks?

-tk
2N

X =N—KN_2N when s <s, =[x (1- ) (3.109)

(1- ra) k kN

kN
2N r

X = hen's >s = [N @- 1
=0 when s >s, =120 a- ) (3:100)

If there exists some survival threshold in population size, then the conservative species
has a better chance of surviving under external shocks because of its larger population size.
Obvioudly, the World Trade Center in New York is more vulnerable to a bombing than a
villagein Viet Nam.

(3.3.2) The Trade-Off between Stahility and Complexity
And a Two-Way Evolution of Divison of Labor

The Fokker-Planck Equation corresponding to Eq.(3.7) can be solved numericaly. We
consider an environmental fluctuation imposed to the carrying capacity N and study its
gability condition (May 1974). The main results are as the following:

Firgt, environmenta fluctuations will further reduce the Size of the equilibrium Sate.

Second, the system's stability will decrease as competition between speciesincreases.

Third, if we compare two systems, one is the mixed system with one conservative
species and one individualist species, the other is the libera system with two
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individualistic species; then the stability of the mixed system will be larger than the liberal
system (Chen 1987). This result is perceivable when we compare the two-party system in
the Anglo-Saxon countries and the multi-party system in continental Europe.

Finally, we can see that the division of labor is atwo-way evolutionary process. When
environmental fluctuation is within the boundary of the stability condition, the system
with more species can survive; when fluctuation is beyond the stability threshold, a
complex system may break down into a simpler system with fewer elements. This
conclusion is dramatically different from the optimization model of division of labor
(Yang and Borland 1991).

(3.3.3) The Generdized Smith Theorem: The Divison of Labor IsLimited
By the Market Extent, Resource Variety, and Environment Huctugtions

From the above discussions, we have a new understanding of corporate structure and a
comparative advantage in a changing environment. The Smith dilemma faces a problem
since small competitive firms and large monopoly corporations cannot coexist within the
framework of equilibrium economics (Stigler 1951). Thisis not a problem in evolutionary
economics because of the trade-off between sability and complexity.

We propose a generalized Smith Theorem to integrate new findings from evolutionary
dynamics. The division of labor is limited by the market extent, resource variety, and
environment fluctuations. We discuss its gpplications below.

Based on the generalized Smith theorem, we can easily explain the rise and fall of
great civilizations. The China Empire lasted for more than two thousand years, which was
much longer than the Roman Empire and the Byzantine Empire. Its structural stability was
rooted in salf-sufficient grain-based agriculture with underdeveloped division of labor.
This system was influenced by severe ecologica constraints, cyclic disasters, and
large-scale peasant wars. On the other hand, the origin of division of labor and capitalism
resulted from resource expanson and moderate fluctuations in the natural and social
environment in Western Europe. China's involution towards self-sufficiency was shaped
by intensive agriculture under resource limits and severe environment. For example, from
the 3rd century B.C. to the 19th century, there were 13 periods of large-scale wars with a
population reduction of more than one third of the Chinese population, but Western
Europe faced this type of turbulence only once (the Black Death). The frequency and
intensity of ecological crises in China were also much higher than that of Western Europe.
The bifurcation point occurred around the 13th to 15th century, when the Black Death
stimulated labor-saving innovations and the spice trade motivated geographic discovery
and the expansion of a world market. This scenario is a historical answer to Needham's
question (Chen 1991).

Some puzzles in transition economies can also be understood from the perspective of
complex systems. The collapse of the Soviet economy and success in Chinds reform are
two polar cases in transition economies. An extreme internationa divison of labor
characterized the Soviet economy with little redundancy and competition. Once a link in
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the economic chain was damaged, the entire system in Eastern Europe broke down. On the
contrary, China's self-sufficient policy in Mao's era created many potential competitors in
regional economies. When Chinas opendoor policy broke the regiona protectionism,
local firms had to compete in a national and global market. The existence of competing
firms is the precondition for a successful program of market liberaization. Sufficient
redundancy in a complex system is necessary for its structura stability, which is a valuable
lesson for Eastern Europe.

Based on the trade-off between stability and complexity, we aso have a new
understanding regarding the causes of mergers and breakups. Increasing efficiency and
market power is often considered as two main reasons for merger activities in the theory of
industrial organization (Carlton and Perloff 1994). We offer a third cause in merger or
sell-offs waves, which is based on the trade-off between opportunity and stability. Merger
waves generally appear during an economic upturn and end when facing a downturn;
corporate restructuring and sell-offs often arise during an economic downturn because
large firms are rigid and dow in adapting technological changes (Weston et d 1998).

V. Concluson: Underganding Mark et Resllience and Economic Complexity

Equilibrium economics has not developed a consistent framework of economic
dynamics. Microeconomics is a static theory, where there is no room for product cycle,
market-share competition, strategic innovation, and over investment. Macroeconomic
modeling is dominated by a linear stationary model of the representative agent, which
cannot explain the persistent nature of business cycles. The critica issues of
nortintegrable systems and continuous-time are ignored by the regression approach in
€conometrics.

Based on nonlinear dynamic models of business cycles and division of labor, we are
developing a biological framework of evolutionary economic dynamics. Staring from
empirical analysis of the macroeconomic time series, we have abundant evidence about
the endogenous nature of macroeconomic fluctuations. Based on our theoretical study, the
birth-death process is a better dternative than the Brownian motion in the first
approximation of stochastic growth (Ji 2003). Persistent cycles around the HP trend can be
further refined by the deterministic model of color chaos in the soft-bouncing oscillator.
Product cycles and excess capacity resulted from market-share competition.

From the biological perspective, business cycles are living rhythms with structura
stability and dynamic resilience. Product cycles and business cycles are in the same range
of time scale, ranging from several months or several years to decades. Examples are short
cycles in computer software and long cycles in railway construction. Disruptive
technology changes are the driving force of persistent business cycles. This perspective
will fundamentally change our views on economic systems and government policies.
Compared to the Fourier (plane wave) transform and pulse (noise) representation, the
Gabor wavelet representation (or coherent state in quantum mechanics) provides a better
mathematical representation for evolutionary ecology and economic dynamics. We will
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discuss the development of economic physics dsewhere.

We summarize the difference between the equilibrium-mechanical approach and the

evalution -biologica approach in Tablelll.

Tablelll. Concepts and Representations in Mechanica and Biologica Approach

Subject Mechanicd Biologica
Micro Factor cogt, margind pricing Prod. cycle, market-share competition
Macro Sahility & convergence Un-even growth & persstent cycles
Math Static optimization Nonlinear dynamics
Microfound. One-body (representative) Many-body problem
Tes Regression, forecasting Naturd & lab experiments
History Ergatic (no memory) Path-dependence
Information Perfect/imperfect info Complexity, ambiguity
Decison Individud rationdity Socid learning
Risk Risk-averson Risk-taking/risk-averson
Strategy Maximizing profit Baancing opportunity/risk
Vaiade Reddtive price Market share
Order Bdancing demand-supply Technology competition
Technology Fixed parameter S-aurve
Innovetion Random shocks Disruptive stages
Pricing Price taker (perfect market) Strategic pricing
Price sdtter (monopoaligtic) Profit margin & growth space
Div. of labor Different commodities Coexigence of technologies
Busnesscycdles Externd shocks Endogenous cycles
Growth Brownian mation Birth-death and wavelets
Trend reference FD, LL, HP HP
Huctuations Linear cydes Nonlinear color chaos
+white noise + whiteffractd noise
Prediction Mechanica Biologicd
Price Convergence Differentiation
Deveopment Convergence (Solow) Rise and fdl of organizations
Learning by doing Learning by trying
Macro Huct. Labor choice (Lucas) Indudtrid competition
Technology shocks (RBC) Birth & desth of technologies
Money shocks (Friedman) Excess capacity & over investment
Labor rigidity (Keynes) Structural & Financid Changes
Indtitution Transaction codts Trade-off between
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Coordingion cods dability and complexity

Sodo-evolution  Convergence Bifurcations in evolution tree
Policies Laissz far (classcd) Regulations & standard
Governments Demand-9de policies Supdy-dde policies
Inditution Property rights Strategies innovaions

From the above discussion, we can see that these two approaches are complemertary
to each other to some degree. However, the mechanical approach can be considered a
gpecia situation within a more general framework of a biological approach, since a
conservaive systemisaspecid case of the open system.

In macro issues, the evolutionary approach can be a synthesis of conflicting linear
theories. For example, the new classical school and the Keynesian school can be integrated
into a general macro dynamics including different time scales. the new classical school
mainly on the long-run, Keynesans on medium-term, and financial economists on
short-run. In our decomposition of macro indexes, the long-run is the nonlinear (HP)
smooth trend, the medium-run is persistent cycles around the trend, and the short-run is
resdua noiseimposed on persistent cycles.

In micro issues, the evolutionary approach may establish a link between cost analysis
on the demand side and market-share analysis on the supply side. Empirical observations
of product cycles and marketing strategies in business research may provide a solid
foundation for micro dynamics.

From our understanding, "dissipative structure” and "self-organization” means a higher
kind of order in living systems, such as living rhythms, metabolism, and complex systems.
Theclassical concept of equilibrium and entropy only describe the order-less state without
differentiated structure. If we compare self-organization in complexity science with the
equilibrium order shaped by "friction" or "rigidity” in equilibrium economics, you may
appreciate our new concepts of market resilience and persistent cycles. The central
concept in cybernetics and economic science is "stability" under "negative feedback"
(Wiener 1948). We propose the terms of complexity and resilience to combine the two
aspects within living systems and socia systems: stability under small external shocks and
viability under large environmental changes. Both features can be observed from
parametric space in complex dynamics and stable regimes of time rhythms in WGQ
representation.

The proposed trade-off theory between stability and complexity and the generalized
Smith theorem may address a wide range of phenomena in living and social systems. We
believe that economic science is facing a great transition from equilibrium thinking to an
evolutionary paradigm. The efficacy of our approach to economic dynamics is open to
future researchand experiments.

Finally, I would like to quote James Buchanan regarding his prediction on the future of
economics (Buchanan 1991):
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"The shift toward energent order as a central perspective will be paralleled by
a corollary, even if not necessary, reduction of emphasis on equilibrium models.
The properties of systems in dynamic disequilibrium will come to centre stage,
and especiadly as economics incorporates influences of the post-Prigogine
developments in the theory of self-organizing systems of spontaneous order,
developments that can be integrated much more easily into the catallactic than
into the maximizing perspective. . .. ."

Acknowledgments

| would like to thank William Barnett, Swel Cheng, Alex Chien, Gregory Chow,
Partha Dasgupta, Richard Day, John Doggett, Kurt Dopfer, Fukang Fang, Martin Feldstein,
Duncan Foley, James Galbraith, Philip Huang, David Kendrick, Finn Kydland, Leigh
McAlister, Justin Lin, Douglas North, Qi Ouyang, Shie Qian, Andrew Reati, Linda Reichl,
J. Barkley Rosser, Jr., Willi Semmler, Charlotte Shelton, George Soros, Binghong Wang,
Duo Wang, John Warfield, Michael Woodford, and Victor Zarnowitz for their stimulating
discussions. Financia support from the National Science Foundation of China under the
Grant of 79970118 and the George Soros Foundation is dso acknowledged.

References

K.J. Arrow, "The Economic Implications of Learning-by-Doing," Review of Economic
Studies, 29(1), 155-173 (1962).

W.B. Arthur, Increasing Returns and Path Dependence in Economy, University of
Michigan Press, Ann Arbor (1994).

W.A. Barnett and P. Chen, "The Aggregation-Theoretic Monetary Aggregates are Chaotic
and Have Strange Attractors: An Econometric Application of Mathematical Chaos,” in
Dynamic Economic Modeling, W.A. Barnett, E. Berndt, and H. White eds., Cambridge
Universty Press, Cambridge (1988).

D.J. Bartholomew, Stochastic Models for Social Processes, 3rd edition, Wiley, New Y ork
(1982.

G.S. Becker and K.M. Murphy, "The Divison of Labor, Coordination Costs, and
Knowledge™" Quarterly Journd of Economics, 107(4), 1137-1160 (1992).

J. Benhabib, Cycle and Chaos in Economic Equilibrium, Princeton University Press,
Princeton (1992).

F. Black and M. Scholes, “The Pricing of Options and Corporate Liabilities,” Journal of
Political Economy, 81, 637-654 (1973).

W. A. Brock, and C. Sayers, "Is the Business Cycles Characterized by Deterministic
Chaos?' Journd of Monetary Economics, 22, 71-80 (1988).

S.G. Brush, Statistical Physics and the Atomic Theory of Matter from Boyle and Newton

30



to Landau and Onsager, Princeton Universty Press, Princeton (1983).

JM. Buchanan, "Economics in the Post-Socialist Century,” Economic Journal, 101, 15-21
(1992).

D.W. Carlton and J.M. Perloff, Industrial Organization, 2nd Ed. Harper Collins, New Y ork
(1999).

P. Chen, "Origin of Division of Labor and a Stochastic Mechanism of Differentiability,"
European Journa of Operation Research, 30, 246-250 (1987).

P. Chen, "Empirical and Theoretical Evidence of Monetary Chaos," System Dynamics
Review, 4, 81-108 (1988).

P. Chen, "Needham's Question and China's Evolution: Cases of Nonequilibrium Social
Trangtion,” in G. P. Scott ed., Time, Rhythms, and Chaos in the New Diaogue with
Nature, pp. 177-198, lowa State University Press, Ames (1991).

P. Chen, "Imitation, Learning, and Communication: Central or Polarized Patterns in
Collective Actions’, in A. Babloyantz ed., Self-Organization, Emerging Properties and
Learning, pp. 279-286, Plenum, New York (1992).

P. Chen, "Searching for Economic Chaos. A Challenge to Econometric Practice and
Nonlinear Tests," in R. Day and P. Chen eds., Nonlinear Dynamics and Evolutionary
Economics, pp. 217-253, Oxford Universty Press Oxford (19933).

P. Chen, "Chinas Challenge to Economic Orthodoxy: Asian Reform as an Evolutionary,
SAf-Organizing Process,”" China Economic Review, 4, 137-142 (1993b).

P. Chen, "Trends, Shocks, Persistent Cycles in Evolving Economy: Business Cycle
Measurement in Time-Frequency Representation,” in W. A. Barnett, A. P. Kirman, M.
Salmon eds., Nonlinear Dynamics and Economics, Chapter 13, pp. 307-331,
Cambridge Univergty Press, Cambridge (19963).

P. Chen, "Random Walk or Color Chaos on the Stock Market? - Time-Frequency Analysis
of S&P Indexes™ Nonlinear Dynamics & Econometrics, 1 (2), 87-103 (1996h).

P. Chen, The Frisch Model of Business Cycles - A Spurious Doctrine, but a Mysterious
Success, CCER Working Paper, #E1999-007, Peking University, Beijing, China
(1999).

P. Chen, The Nature of Persistent Business Cycles: Random Shocks, Microfoundations, or
Color Chaos?, presented at the Session on Economic Complexity, American Economic
Asodiation 2001 meeting in New Orleans, Jan. 7, 2001

P. Chen, "Microfoundations of Macraeconomic Fluctuations and the Laws of Probability
Theory: the Principle of Large Numbers vs. Rational Expectations Arbitrage," Journal
of Economic Behavior & Organization, 49, 327-344 (2002).

C.M. Christensen, The Innovator's Dilemma, When New Technologies Cause Great Firms
to Fall, Harvard Business School Press, Boston (1997).

R. Coase, "The Problem of Socia Cogt," Journa of Law and Economics, 3(1), 1- 44
(1960).

JB. De Long, A. Shleifer, L.H. Summers, and R.J. Waldmann, "Positive Feedback
Investment Strategies and Destabilizing Rational Speculation,” Journa of Finance,

31



45(2), 379-395 (1990).

M. Friedman, "The Case of Flexible Exchange Rates,” in M. Friedman, Essays in Positive
Economics, Universty of Chicago Press, Chicago (1953).

R. Frisch, "Propagation Problems and Impulse Problems in Dynamic Economics,” in
Economic Essays in Honour of Gustav Cassel, George Allen & Unwin, London
(1933).

R. Frisch. “From Utopian Theory to Practical Applications. The Case of Econometrics,”

American Economic Review, 71(6), 1-16 (1981).

R.M. Goodwin, Chaotic Economic Dynamics, Clarendon, Oxford (1990).

Z. Griliches, "Hybrid Corn: An Exploration in the Economics of Technological Change,”
Econometrica, 25(4), 501-522 (1957).

S. Grossman and J. Stiglitz, "On the Impossibility of Informationally Efficient markets,”
American Economic Review, 70(3), 393-408 (1980).

R.E. Hall, "Chronic Excess Capacity in U.S. Industry,” NBER Working Paper Series, No.
1973, Cambridge (1986).

R.J. Hodrick and E.C. Prescott, Post-War US. Business Cycles: An Empirical Investigation,
Discusson Paper No. 451, Carnegie-Mdlon Universty (1981).

H.S. Houthakker, "Economics and Biology: Speciaization and Speciation,” Kyklos, 9(2),
181-189 (1956). P.C.C.Huang, The Peasant Economy and Social Change in Nath
China, Stanford University Press, Stanford (1985).

Y.H. Ji, Nonlinear Birth-Death Process and Its Applications in Socia Psychology and
Economic Dynamics, Thesis, Dept. of Mathematical Finance, Peking University, June
2003,

W.W. Leontief, "The Fundamertal Assumption of Mr. Keynes Monetary Theory of
Unemployment,” Quarterly Journd of Economics, 51, 192-197 (1936).

H.J.Li, Which Stochastic Process Has Better Description of Microfoundations of
Macroeconomic Fluctuations? Thesis, Dept. of Mathematical Finance, Peking
University, June 2002.

R. E. Lucas, Jr. "Expectations and the Neutrality of Money," Journa of Economic Theory,
4,103-124 (1972), ds0 in Lucas (1981).

R.E. Lucas, J., Sudiesin Busness-Cyde Theory, MIT Press, Cambridge (1981).

A. Marshall, Principles of Economics, 8th Ed., Porcupine, Philade phia (1920).

R.M. May, Stability and Complexity in Model Ecosystem, Princeton University Press,
Princeton  (1974).

G.A. Moore, Inside the Tornado, Marketing Strategies from Silicon Valley's Cutting Edge,
Harper Business, New York (1995).

J. Needham, Science and Civilization in China, Vol. I, Cambridge University Press,
Cambridge (1954).

T.T. Nagle and R.K.Holden, The Strategy and Tactics of Pricing - A Guide to Profitable
Decison Making, Prentice Hall, Englewood Cliffs (1995).

C.R. Nelson and C.I. Plosser, "Trends and Random Walks in Macroeconomic Time Series,

32



Some Evidence and Implications,” Journal of Monetary Economics, 10, 139-162
(1982).

E. R Rianka, Evolutionary Ecology, 3rd ed., Harper & Row, New Y ork (1983).

M.E. Porter, Competitive Strategy, Techniques for Analyzing Industries and Competitors,
Free Press, New Y ork(1980).

I. Prigogine, G. Nicolis, and A. Babloyantz, "Thermodynamics of Evolution”, Physics
Today, 25 (11), 23-28; 25 (12), 3844 (1972).

K. Pomeranz, The Great Divergence, Europe, China, and the Making of the Modern World
Economy, Princeton University Press, Princeton (2000).

S. Qian and D. Chen, Introduction to Joint Time-Frequency Analysis, Prentice Hall, NJ
(1996).

S. Ross, "Return, Risk, and Arbitrage,”" in I. Friend and J. Bicksler ed., Risk and Return in
Finance, Bdlinger, Cambridge (1976).

W.W. Rostow, The Stages of Economic Growth, 3rd Ed., Oxford University Press, Oxford
(1990).

P.A. Samudson, "Interactions between the Multiplier Analysis and the Principle of
Accderation,” Review of Economic Sttistics, 21, 75-78 (1939).

J. A. Schumpeter, Business Cycles, A Theoretical, Historical, and Statistical Analysis of
the Capitaist Process, McGraw-Hill, New Y ork (1939).

H. Smon, Modds of Man, Wiley, New Y ork (1957).

A. Smith, The Wedth of Nations, Liberty Classcs, Indiangpolis (1776, 1981).

R. M. Solow, "A Contribution to the Theory of Economic Growth,” Quarterly Journal of
Economics, 70(1), 6594 (1956).

G.J. Stigler, "The Divison of Labor Is Limited by the Extent of the Market,” Journa of
Politicd Economy, 59(3), 185-193 (1951).

G.E.Uhlenbeck and L.S. Ornstein, "On the Theory of Brownian Motion,” Physical Review,
36(3), 823-841 (1930).

JF.Weston, K.S.Chung, & J.A.Siu, Takeovers, Restructuring, and Corporate Governance,
Prentice Hall (1998).

N. Wiener, Cybernetics, MIT Press, Cambridge (1948).

M. Weber, The Protetant Ethic and the Spirit of Capitdism, Allen Unwin, London (1930).

X. Yang and J. Borland, "A Microeconomic Mechanism for Economic Growth," * Journal
of Palitical Economy, 99 (3), 460-482 (1991).

H. Zhang, Biologica Behavior in Firm Competition, CCER Working Paper at Peking
Univergty, Sept. 2003,

33



