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Foreword
To review the universal opinion of world leaders on the need for and the
importance of the type of book which Chukwu has undertaken to write, the
following extracts are displayed:
THE WORJ.D

"Should we not question the very economic models often adopted by states
which also as a result of international pressures and forms of conditioning
cause and aggravate the situations of injustice and violence in which the life
of whole peoples is degraded and trampled upon?"
Pope John Paul II, Evangelium Vitae p. 26, Libreria Editrice 1995.
Fear of death confines love: fear of scarcity.
"The answer to the fear which darkens human existence at the end of the
twentieth century is the common effort to build the civilization
of love founded on the universal values of peace solidarity,
justice and liberty. An the 'soul' of the civilization of love is
the culture of freedom: the freedom of individuals and the
freedom of nations lived in self-giving solidarity and
responsibility."
Pope John Paul II, Address to the Fiftieth General Assembly of the
United Nations Organization, New York, October 5, 1995.
ASIA

"The promotion of sustained economic development is the 'single most
important target' for the United Nations."
"International peace and stability will be enhanced only when all
countries enjoy a minimum of standard of economic selfsufficiency and well-being."
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Indian Prime Minister Inder Kumar Gujral, Annual General Assembly
debate in 1997.
AFRICA

"Africa is of the view that for reforms to be meaningful and credible, they
should seek to reinforce the pivotal role of the United Nations in
development."
President Robert Mugabe of Zimbabwe, third day of the annual General
Assembly debate in 1997.
AMERICA

"I am impressed with your detailed and thoughtful presentation. The
information you provided certainly appears to contain ideas that merit
careful attention. Please be assured that your suggestions have been
considered and will be helpful to me as I work with the President on related
policies and programs."
Vice President Al Gore, commenting on the proposal that led to the
completion of this book.
UNITED ST A TES NA TIONAL SCIENCE FOUNDA TION CONSUL I ANT

This proposal (by Chukwu) is important and relevant. The sustained
positive growth of an economy with low inflation and low unemployment is
clearly of paramouth importance both for now and the future for all peoples.
Positive answers to the questions addressed in his proposal would be of
great importance.
G-8 SUMMIT COMMUNIQUE

1.

We, the heads of state or government of eight major industrialized
democracies and the president of European Commission, met in Bir
mingham to discuss issues affecting people in our own and other
countries. In a world of increasing globalization, we are ever more
interdependent. Our challenge is to build on and sustain the process of
globalization and to ensure that its benefits are spread more widely to
improve the quality of life of people everywhere. We must ensure that

Foreword

XI

our institutions and structures keep pace with rapid technological and
economic changes under way in the world.
2.

Of the major challenges facing the world on the threshold of the 21st
century, this summit has focused on three:
Achieving sustainable economic growth and development
throughout the world in a way which while safequarding the envi
ronment and promoting good governance, will enable developing
countries to grow faster and reduce poverty, restore growth to
emerging Asian economies and sustain the liberalization of trade
in goods and services and of investment in a stable international
economy;
Building lasting growth in our economies in which all can
participate, creating jobs and combating social exclusion; ...

3.

In an interdependent world, we must work to build sustainable eco
nomic growth in all countries
We strongly support economic reforms ...
We believe in the importance of sound economic policy, transpar
ency and good governance.
We are conscious of the serious impact of economic crises on the
poor and the most vulnerable. Economic and financial reform
needs to be matched with actions and policies by the countries
concerned to protect these groups from the worst effects of the
crises.

May 17, 1998.
Chukwu in China
Professor E. N. Chukwu was invited by the International Federation of
Automatic Control to give an invited lecture of the 14th World Congress of
IFAC July 5-9, 1999.
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The Congress was addressed by the Premier of China and during the period,
the President of the United Nations was visiting President Jiang Zemin of
China. It is interesting that the day after Chukwu's talk, China published its
economic data which matched his predictions. It is possible to have high
growth rate, low inflation and increasing employment since the economy is
controllable. Chukwu's trip was supported partially by the United States
National Science Foundation, with technical support from the Chinese
Academy of Sciences.
CHINA
President Jiang Zemin:
"We are entering the 21s1 century, and the human race is in the key period of
safeguarding global peace and promoting common development so it is an
important task for all people in the world to make efforts to promote the
establishment of a new fair, and reasonable international political and
economic order."
China News July 7, 1999, Beijing, China
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Introduction
This monograph derives from familiar economic principles, the dynamics of
national income, interest rate, employment, value of capital stock, prices,
and cumulative balance of payment.
It is a Volterra neutral
integrodifferential game of pursuit. The quarry control is government
intervention in the form of taxation, control of money supply, tariffs, foreign
credit, interest equalization tax, preferential trade agreements (which reduce
trade barriers and enhance trade flows between nations), transportation and
distance between trading partners. The pursuer is the firms' private
autonomous investment, consumption, net export and real money demand,
productivity, wage rates, income, export, intercepts and price intercept. We
derive conditions for controllability of the model and then deduce how large
government intervention (compared with private firms' contribution) should
be to ensure the possibility of growth. The universal principles deduced are
fundamental) and consistent with earlier ones derived by the author for
hereditary systems. Controllability is a solution to this century's burning
problem. To avoid using data from the infinite past, we simplify our
dynamics and then illustrate our method with a study of the USA, Canada,
and India.
To ease the burden of reading this book we introduce some of the
economic terms used. The best measure of economic performance is the
gross domestic product or GDP. It is a measure of the total income created
through the production of goods and services, the output. It is called
nominal when the output is measured in current prices. If a base year is
taken and production is calculated in prices of this base year, the output is
real gross domestic product. Another measure of the country's output is the
gross national product, or GNP: GNP = GDP + Income earned (or output
produced) by the nation's corporations overseas and by citizens working and
living abroad.
The major portion of current national output consists of C, consumer
goods and services. It is usually broken down into expenditure for consumer
durables, nondurables, and services.

/
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Investment goods, /, a second component of national output consists of
all purchases by business firms of new construction and durable equipment,
all purchases of new residential houses, and all changes in inventories held
by business firms.
A third component, G, is the output of the public sector or government
e.g., highways, parks, dams, research institutes, education, etc.
Finally, the fourth component of national domestic output is net export
X. This is the difference between the nations export and its imports of goods
and services.
Another concept which we need to define is taxes, T. It is a one-way
flow of income from the individuals and firms to government, while (-7) is
considered as transfer expenditure from government to individuals (for
example, pensions, unemployment, compensations, etc.)
We now give a brief historical survey of the theory of aggregate
economic dynamics which we shall study (see [22]). It begins with Say's
law of the market which can simply be stated that "Demand is equal to
supply", or "Supply creates its own demand". Hence there is no involuntary
unemployment because of overproduction. The next dominant idea is the
quantity theory of money traceable to Jean Bodin and refined, deepened and
popularized by Milton Friedman [23]. It states that the general level of
prices, p, is a function of money supply: p = /A/). Because the western
economy collapsed in the 1930's with aggregate national output and
prolonged under-employment, Say's Law of the markets and the quantity
theory of money were discarded as too simple to explain current behavior of
the economy. In fact supply is not always equal to demand. It was John
Maynard Keynes who constructed a rich and better theory [24]. His
aggregate demand and supply framework and its subsequent refinement are
the core of modern microeconomics.
In our work we postulate formulae for aggregate demand and its
components,
z = C + I + X + G,

and aggregate supply, S. We do not assume that z=y = supply = output, but
rather accept the market principle that
dy
~T = X (z - S), X constant.
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The system generated for y, interest rate, R, employment, L, value of capital
stock, k, prices, p, cumulative balance of payment, E, contains private
control strategies, autonomous consumption, C0, investment, 70, net export,
X0, autonomous money holding, M0, productivity, n, wage rate, w, and
government control strategies of taxes and their flows, autonomous
investment outlay, exchange rate, tariffs, distances between trading partners,
preferential trade agreements, and money supply and its flows. Unlike
Friedman and the monetarist, money supply is not the only and most
important control variable: all strategies are needed when the economic
states include GDP interest rate, employment (or unemployment) value of
Capital Stock, prices, and cummulative balance of payment. A combination
of all private and all government strategies with values in a Pontryagin
difference of sets is required with the full rank of the control matrix. This
means that all the controls are effectively used to ensure the attainment of a
target. The control instruments include labor productivity n, wage rate, w,
autonomous investment 70, autonomous net export X0, autonomous real
money demand M0=j, intercept income export, xO, and intercept income
consumption and intercept price. The government components of control
strategy consist of taxes, T and theirs current and hereditary rates,
autonomous government outlays, exchange rate e, tariff, transportation (or
distance between trading partners) M money supply and preferential trade
arrangement. All these controls are available in a modern democratic
economy. As a consequence of our theory we discover what Professor
Milton Friedman and his school believe they have already discovered that
government control set Q is limited: P z> Q. The private control set P
limited by scarcity should dominate the government Q. But Q cannot be
dismantled.
Our postulate for the components of z and>> utilizes the new classical
economic theory of rational expectation in the spirit of Fair [12]. Our
contribution assumes that markets do not always clear and that economic
variables do not always tend to full-employment equilibrium or to a state
equilibrium. We shall show that private and public control variables can
drive the economic state to a desired target. Very importantly, we supply
what was lacking in Keynes: how much government intervention should be
in the economy. Perhaps our model is a model of the economy that PostKeynesians are looking for and the monetarist can agree on. We also apply
the optimal control theory which when implemented with data of national
economies can be extremely useful for policy and for comparing past
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performances of administration. Both linear and nonlinear control theories
are discussed.
In this book we assume the reader is familiar with Advanced Calculus
and has some good working knowledge of ordinary differential equations.
The needed theory of hereditary systems can be obtained from the book
itself or from the author's "Stability and Time-Optimal Control of
Hereditary Systems," Boston Academic Press, 1992 [25]. The basic theory
of the integral hereditary systems treated is covered in the paper by J. Wu
[37] and the books by T. A. Burton, Volterra Integral and Differential
Equations, Academic Press [26] and by Constantin C , Corduneanu, Integral
Equation and Applications, Cambridge University Press, Cambridge, 1991
[27] and the cited papers in this monograph. However, the basic facts on
hereditary systems are self-contained in this monograph. Some nodding
familiarity with real and functional analysis is helpful to fully understand the
proofs in the optimal control theory part. The MATLAB programs are
created from [28] Andrew Grace Optimization, Toolbox for use with
MATLAB, the Math Works, Inc. 1993 and L. Ljung, System Identification
Theory for the User's, PTR, Prentice Hall, Englewood Cliffs, New Jersey
0732 PC MATLAB [29]. Solutions of equations, regressions to determine
the coefficients of the required matrices and other numerical calculations
can be mastered through the programs in the MATLAB publications. The
economic background needed can easily be obtained from any of the two
books, "The Macroeconomy, Private Choices, Public Actions and Aggregate
Outcomes, by Michael B. Mcelroy [21], and Wallace C. Peterson and Paul
S. Estenson, Income, Employment, Economic Growth, W. W. Norton and
Co., New York, 1995 [22].
The main controllability theories of this book were delivered at invited
lectures at the University of Central Florida, Tampa, Florida, March 13-15,
1997, and International Conference on Differential Equations and
Dynamical Systems, Waterloo, Ontario, Canada, August 1-4, 1997. The
book contains sixteen chapters. Chapter 1 gives the derivation of the
dynamical systems from economic principles as models of income, interest
rate, capital stock, employment, prices and cumulative balance of payment.
The main constrained controllability theory is contained in Chapter 2.
Its interpretation is presented in Chapters 3 and 4, and in Chapter 8, the
models are confronted with data and the systems controllability reported.
Chapter 5 presents the theory of controllability with constraints in the
controls of private firms and government, the so-called soft-landing of
economic indicators. Conditions for stability are also explored.
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In Chapter 6 we allow delay in the transmission of information and
explore controllability and the relationship between private and government
control sets. The nonlinear theory of controllability of Volterra Neutral
Integrodifferential Dynamics is studied. The dominance of private initiative
over government intervention is highlighted. Chapters 9 and 16 construct
the linear economic models of U.S.A., Canada, Germany, India, U.K.,
Australia and Japan. The possibility of a nonlinear model is introduced.
The Optimal Control Theory for the dynamics studied here is
presented in Chapters 10 and 11. The nonlinear theory of controllability is
explored in Chapters 12 and 13; when delay is allowed in the players'
responses the nonlinear model is studied in Chapter 14. Oscillation theory is
treated in Chapter 15. We note that function space controllability of the six
economic states implies that it is possible to choose our target such that the
GDP, employment, value of Capital Stock to be strong and growing, while
inflation (or even deflation) is low with zero or surplus cumulative balance
of payment. Optimal control theory presents a strategy to reach this state as
fast as possible with minimum resources.
This book is a first step in our research to built a realistic non-linear
model of the economy of nations, and study its behavior and control it
optimally. How useful this model is depends on its realism and its ability to
predict the future.

