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*emetaverse concept constructs a virtual world parallel to the real world.*e social economic dynamics (SED)model establishes
a systematic model for social economic dynamics simulation that integrates macroeconomy and microeconomy based on
modeling mechanism of the new theory of value by analogy with Newtonian mechanics and the modeling approach of Agent-
based computational economics. *is article describes the SED model’s modeling mechanisms, modeling rules, and behavior
equations. At the same time, this article introduces the methods, testing standards, and some typical cases about using the SED
model to generate the economic digital twin systems. By doing so, we hope to demonstrate that the method of computer
simulation experiment based on the SED model is a scientific empirical method, which has more advantages than the existing
empirical research methods in economics. *e SED model, which can be fully used to form an economic engine and construct a
virtual economic system by digital twin method, can be integrated with the extant physical engine in the metaverse concept to
build a virtual world consisting of physics, economy, culture, and politics that is close to and coexists with reality.

1. Introduction

*e term “metaverse” was first put forward by Neil Ste-
phenson in his science fiction novel named “Snow Crash”
in 1992. In this novel, the metaverse is known as a com-
puter-generated universe parallel to the real world, where
the users can enter as avatars by putting on goggles and
earphones and connecting to the terminal [1]. On March
10th 2021, Roblox floated on the stock market, popularizing
the concept of metaverse described as sustainable, shared
3D virtual spaces in the virtual universe in Roblox’s pro-
spectus. *e Roblox platform has 8 critical features of the
metaverse: identity, friends, immersive, anywhere, low
friction, variety of content, economy, and safety. Since
then, many tech giants have followed the example of
Roblox to invest in the metaverse. For example, in April
2021, the chipmaker Nvidia released Omniverse, a virtual

working platform for the metaverse; in October 2021, the
social network company Facebook announced that it had
changed its company name to Meta, reflecting its growing
ambitions towards the metaverse. While there is currently
no unified definition of the word “metaverse,” academia
and industry generally believe that the metaverse is a
permanent, shared, open, and virtual space that blends with
the real world. According to this general interpretation, the
metaverse is not only a virtual world, a virtual space, a
virtual reality, a digital and virtual economy, a game, a
virtual theme park or Disneyland, a new app store, or a new
user-generated content (UGC) platform [2]. *e concept
and vision of the metaverse will not only stimulate the
advancement of related digital technologies but also ac-
celerate their integration with the industries of military,
real estate, manufacturing, art, education, etc. in addition
to being used in social networking and entertainment [3].
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According to Lee et al. [4], the development of the
metaverse towards the fusion of virtual and reality needs to go
through three progressive stages: digital twins, digital natives,
and coexistence of physical-virtual reality. Digital twins in the
first stage are large-scale and high-fidelity digital models
capable of perceiving and mirroring the properties of physical
entities or characteristics of human society. Based on digital
twins, digital natives in the second stage concentrate on the
native contents that are related to the real world or only exist
in the virtual world. In the third stage of physical-virtual
reality coexistence, the metaverse will become a self-sus-
taining and long-lasting virtual world that can interconnect
multiple virtual worlds within it and blendwith the real world.
*e concept of metaverse provides a promising vision of the
development of a future virtual world. However, the current
development of the metaverse is in a nascent stage, which
requires constant progress in the underlying technology and
improvement in the ecosystem. *e pillars of the underlying
technology consist of computer hardware technology (user
interactivity, extended reality, robotics/IoT, edge/cloud
computing, network, and hardware infrastructure) and
software technology (computer vision, artificial intelligence,
and blockchain), while the pillars of the ecosystem include
avatars, virtual economy, content creation, social accept-
ability, security and privacy, trust, and responsibility.

Just like Karl Marx’s famous assertion that “economic
base determines the superstructure” [5], the economic system
is also the cornerstone of the ecosystem in the metaverse. Like
the real economic system, the metaverse economic system is
also a complex economic system consisting of large-scale
heterogeneous adaptive individual agents (consumers, pro-
ducers, investors, etc.) whose interactions co-create the
emergent aggregate behaviors [6, 7]. However, in the different
development stages of the metaverse, its virtual economic
system presents different characteristics. Unlike the digital
twin economy in the first stage, a copy of the real economy,
the digital native economy of the second state, and the
economy of the third stage with the physical and virtual
integration exhibit unique characteristics. Firstly, the eco-
nomic agents do not merely refer to computer agents that
obey the computerized rules of behaviors but to real human
subjects who concurrently appear in the metaverse as avatars;
secondly, the commodities in the metaverse include both
valuable commodities that have their counterpart in the real
economy and those commodities that are created in the
virtual world, such as digital assets verified through non-
fungible tokens (NFTs); thirdly, cryptocurrencies (note that
cryptocurrencies are not legal tender, whose basic monetary
functions, namely, value measure, means of payment, means
of circulation, means of hoarding, and international cur-
rencies, may not necessarily be protected by laws of the
country to which they belong, but even expressly prohibited
or restricted by the laws) in the metaverse, such as Bitcoin and
Ethereum, are not issued or supported by a central govern-
ment or bank in the current world we reside, but technically
backed by a peer-to-peer, decentralized blockchain supported
by all users in the community [8]. In addition, unlike the
money supply that can be freely controlled and adjusted by
central banks and financial institutions, the cryptocurrency

supply is stable and slow-growing [4]. *us, the metaverse
economic system is closer to the liberal market economy
system claimed by the Austrian School [9]. At present,
“metaverse” has a physical engine that can virtualize ma-
chines, social networks, games, office environments, and
various artificial intelligence products such as autopilot, smart
medicine, smart transportation, and smart travel. However,
“metaverse” still lacks a powerful economic engine and thus
can neither mirror the real economic scenarios nor assist
humans in scientific economic decisions.*e social economic
dynamics (SED) model can complement this function by
generating a systematic and dynamic economic digital twin
system close to various special economic scenarios to con-
stitute the top layer of the futuremetaverse.Most importantly,
the SED model is an economic engine with a deductive
function established according to the principles of economics,
which can generate an optimized economic digital twin
system approaching the realistic global economic system with
profit maximization as its guidance. *e SED model can play
a vital role in economic planning, forecasting, simulation
deduction, virtual trial and error, intelligent decision support,
storage optimization scheme, automatic upgrade of intelligent
knowledge base, etc. Of course, as an economic engine run on
a supercomputer, the SED model requires a significant
number of objective calibrated parameters to generate the
digital twin system approximating to reality. However, in the
existing methods, these parameters obtained by statistical
means suffer from various drawbacks such as time lags, in-
formation costs, information disconnections, and statistical
errors. In the future, SED models can eliminate these
drawbacks if they can complement the functional advantages
of the current physical engines in the metaverse. At that time,
the metaverse will have the function of endogenous intelligent
optimization and gradually enter the highest realm of “the
unity of heaven and man” in which the physical world and
human intelligence are integrated (the relationship between
the SED model and the metaverse is so complex that the in-
depth and systematic analysis can only be established using
the method of scientific theoretical paradigm, namely,
mathematical economics; due to the limitations of the re-
search focus and the length of the paper, the authors will not
discuss it here for the time being; the authors are ready to
delve into this important topic in a separate article).

*roughout history, countless economists have made
ongoing explorations on the modeling of economic systems.
Many mainstream macroeconomic theoretical models, such
as the large-scale macroeconometric model, computable
general equilibrium model (CGE model), and dynamic
stochastic general equilibrium model (DSGE model), have
achieved many theoretical and applied results. However,
they have not yet met the requirements of modeling complex
economic systems in the metaverse. *ese models constitute
simultaneous equations based on Keynesian macroeco-
nomic theory, neoclassical general equilibrium theory, and
neoclassical/neo-Keynesian macroeconomic theory and can
be applied to economic structure analysis, economic fore-
casting, and policy evaluation after model estimation and
calibration [10]. However, the traditional Keynesian theory
lacks microfoundations, and the neoclassical and neo-
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Keynesian theories are usually characterized by homogenous
agents. Consequently, macroeconometric, CGE, and DSGE
models fail to depict heterogeneous microagents’ behaviors
directly so that their simulation results can not correspond
to the microscenarios. In addition, the CGE and DSGE
models usually assume that the microagents have perfect
rationality or rational expectation, which does not reflect the
real-world agents’ bounded rationality or adaptive behaviors
[11]. Although in recent years the DSGE model has been
expanded to account for agents’ heterogeneity and bounded
rationality [12, 13], the degrees of heterogeneity and types of
rationality of agents in these new DSGE models are mild
[14], which in turn constrains its ability to reflect micro-
scopic scenes. Finally, the CGE and DSGE models are
equilibrium or dynamic equilibrium models, ignoring the
dynamic adjustment processes of disequilibrium in the real
world. Although the DSGE model features a dynamic ad-
justment towards the long-term equilibrium, this process is
usually a result of exogenous disturbances, which ignores the
inherent instability of the economic system caused by the
non-linear interaction of economic agents [15]. Conse-
quently, it lacks strong explanatory and predictive power
about economic crashes or the bubbles [16, 17].

Agent-based computational economics (ACE) is the
computational study of economies modeled as evolving
systems of autonomous interacting agents from the bottom
up [18]. *e ACE approach can also model the metaverse
economic systems characterized primarily by crypto-
currencies [19]. *ree critical properties of ACE, namely,
autonomous agents, social interaction, and macro-micro
integration, are not only consistent with the connotations of
complex economics pioneered by the Santa Fe Institute [20]
but also pertinent to the ontological turn of economics
advocated by many economic philosophers [21, 22]. *e
early representative ACE models were the ASPEN model
developed by Sandia National Laboratory in the 1990s [23]
and the EURACE model developed jointly by seven Euro-
pean universities in 2006. At present, the existing large-sized
and medium-sized macro-ACE models can be divided into
seven categories: (1) AGH model [24]; (2) CATS model
(complex adaptive trivial systems model) [25]; (3) EUBI
model (Eurace@Unibi model) derived from EURACE
[26, 27]; (4) EUGE model, which is the frame model of
EURACE [28]; (5) JAMEL model（Java agent-based mac-
roeconomic laboratory model） [29]; (6) KS model
(“Keynes Meeting Schumpeter” frame) [30]; and (7)
LAGOM model [31]. *ese models introduce bounded
rationality and endogenousmarket disequilibrium instead of
perfect rationality and market equilibrium assumed in
mainstream macroeconomics and establish a macro-micro
integration model that is based on heterogeneous and au-
tonomous agents. However, they often do not establish any
new systematic and scientific economic theory, especially
related to the theory of value, as the modeling basis, but
instead adopt heuristics or rules of thumb based on ex-
perimental and empirical evidence [32]. In addition, owing
to the lack of a suitable adjustment mechanism towards
global equilibrium, these models suffer from inexplicable
divergence problems [33], and the simulation results cannot

mirror the economic reality and generate digital twins
system, but only reflect general economic law or trend (until
now, apart from the SED model, only macroeconomic ABM
models proposed by Polendna et al. [34] can compete with
mainstream VAR and DSGE models in the forecasting
accuracy of aggregate macroeconomic variables; however,
the model is not comparable to the SED concerning size and
complexity).

Nikola Tesla had argued, “Man, in the large, is a mass
urged on by a force. Hence, the general laws governing
movement in the realm of mechanics are applicable to
humanity (excerpt from an article “A Machine to End War”
by Nikola Tesla, published in Liberty magazine in February
1935).”*is viewpoint can be traced back to the mechanistic
materialist, such as Hobbes [35] and La Mettrie [36]. Al-
though the forms and laws of the motion of matter they
stressed are conducible for studying complex economic
systems, we cannot simply equate man with machine or
matter and ignore human subjective initiative or intelligence
[37]. Since the mid-1990s, Chinese scholar Wu et al. have
spent more than twenty years in establishing, developing,
andmaintaining a super-large, highly interacted agent-based
social economic dynamics simulation model (SED), which
can simulate the daily dynamics of more than 10 million
agents and economic performances of hundreds of countries
interacted through international trades and investments.
*e SED model is at the world’s advanced level in terms of
size, fidelity, speed, and operability. Compared with other
macroeconomic ACE models, the SED model has the fol-
lowing characteristics and advantages. Firstly, the SED
model is a model of economic mechanics using the inno-
vative new theory of value as the modeling mechanism
[38–40]. *e new theory of value combines the labor theory
and the utility theory of value and makes an analogy with
Newtonian mechanics while fully considering the human
subjective initiative or intelligence. It analyzes dynamic
value calculation and pricing in market equilibrium and
non-equilibrium under the invariable and variable labor
productivity using the corresponding Euclidean or Riemann
metric. Secondly, the SED model has a dynamic control
mechanism backed up by the bottom-up free market and
top-down government regulation to ensure global equilib-
rium and optimization. It can not only simulate the dy-
namics of various types of market economies but also ensure
the stability of model operation. *irdly, the SED model
adopts the mechanism-based, rule-based, and data-based
modeling approaches.*erefore, it allows for great flexibility
in conducting a variety of simulation experiments, including
simulation of completely rational agents, simulation of
boundedly rational agents, and simulation of exogenous
specific scenarios. Fourthly, the SED model with highly
heterogeneous and interacted agents is run using high-
performance parallel computing technology on the Tianhe-2
supercomputer located at the National Supercomputer
Center in Guangzhou, China. *e platform can be accessed
through an independent website portal (https://www.gzmss.
com/website/) and has a user-friendly interface. *ese
characteristics and advantages enable the SED model to
simulate many stylized facts in different economies at the
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macro, meso, and microlevels and also approximate the real
economy, giving rise to the economic digital twin system and
establishing the foundation for metaverse economic system.
In recent years, the SED model has been applied to simulate
the impacts of international events such as the Sino-US trade
war on the global economy [33, 41], which catches the at-
tention of international colleagues.

*is paper will illustrate the modeling mechanism,
modeling rules, and behavior equations of the SEDmodel, as
well as the methods, testing standards, and some typical
cases of using the SED model to generate China’s economic
digital twin system. Other sections are organized as follows.
In Section 2, we summarize the SED model’s theoretical
basis, modeling method, and control mechanism of global
equilibrium. In Section 3, we describe in detail the modeling
mechanisms of the SED model, such as the new theory of
value and linear programming model of the commodity
economy. Section 4 is devoted to a detailed description of the
economic digital twin system based on the SED model. In
Section 5, we present the methods, testing standards, and
some typical cases of using the SED model to generate
China’s economic digital twin system. Section 6 concludes
the paper.

2. Theoretical Basis, Modeling Method, and
Control Mechanism of SED Model

*e SED model is an economic simulation system covering
international, national, and regional economies and can
simulate economic performances of more than 200 countries
and all regions inside each country. *e SED national model
consists of micro-subsystem, meso-subsystem, and macro-
subsystem. *e micro-subsystem has complete, systematic,
and abundant heterogeneous near-reality economic agents,
including thousands of enterprises, banks, shops, and se-
curities that provide dozens of products or services with
dozens of different grades, residents with different prefer-
ences, and the government with nearly ten different func-
tional departments. *e meso-subsystem comprises 42
different industries and 6 different commodities and fi-
nancial markets, and commodities are exchanged between
enterprises in different industries and between enterprises
and residents through the corresponding market. Macro-
subsystems influence meso-subsystems and micro-subsys-
tems through macroeconomic policies and interact with
every microeconomic agent. At present, the basic time step
in the SED model is one day, and the model can run iter-
atively for more than 20 years.*e SEDmodel can perform a
large number of low-cost, low-latency, and realistic simu-
lations in tens of millions of segmented special economic
scenarios.

2.1.5eoretical Basis. *e theoretical basis of the SEDmodel
is rooted in the new theory of value proposed by Wu
[38–40]. *is theory holds that commodity value is com-
posed of labor value and utility value. Classical economists,
represented by Smith, Ricardo, and Marx, believed that the
value of commodities is determined by labor value, and on

this basis, they constructed the law of value, the law of supply
and demand, the law of money circulation, the law of price,
and the law of capital movement. However, the traditional
theory of labor value does not thoroughly analyze the use
value form of commodities. On the other hand, classical
economists, represented by Jevons [42] and Walras [43],
rejected the labor theory of value, put forward the cardinal
utility theory of value, and argued that the value of com-
modities depends on the subjective utility evaluation of
commodities, etc. However, the measurability of subjective
utility has been questioned by many economists [44]. Al-
though Hicks and Allen [45] later proposed the ordinal
theory of utility to solve the problem of utility measurement
encountered by classical cardinal theory of utility, the partial
order relation of utility could not meet the research needs of
economic theory in global optimization [38].*e new theory
of value on which the SED model relies, harmonizing both
the labor theory of value and the utility theory of value, puts
forward a unified and dynamic measure of value and then
constructs the commodity value with global optimization
and total order relation structure. Further, it reveals the
economic law of movement of commodities in the pro-
duction, circulation, distribution, and consumption process
in various socio-economic forms.

*e mathematical model of the new theory of value is a
fiber bundle of wealth value, consisting of 6 axiomatic as-
sumptions, 339 definitions, and 253 theorems. *e under-
lying economic concepts are time, quantity, and quality, and
the derived dimensions of these concepts are velocity (ef-
ficiency), acceleration, the force of labor, the force of con-
sumption, labor value, use value, exchange value, price,
variable capital, constant capital, surplus value, profit,
production capital, commercial capital, financial capital,
national income, international trade, international finance,
international capital, etc. Furthermore, through the relevant
theorems that reflect the relationship among these concepts,
the mathematical models of national economy integrating
macroeconomy and microeconomy based on the base
manifold of wealth value are constructed, including com-
modity production model, commodity exchange model,
currency purchase model, commodity price/value model,
production capital model, commercial capital model, fi-
nancial capital model, government macroeconomic regu-
lation model, etc. *ese models describe rational agents’
behavior and economic laws in the general economic en-
vironment, which lay the theoretical foundation for the SED
international, national, and regional models.

2.2. Modeling Method of SED. *e SED model is an eco-
nomic dynamic system model based on systematic simu-
lation technology. *e model relies on ABM, system
dynamics, and discrete simulation technology and adopts an
integrated modeling approach based on mechanisms, rules,
and data, where economic mechanism-based modeling
accounts for 70%, rule-based modeling accounts for 20%,
and data-based modeling accounts for 10%.

Mechanism-based modeling is based on the deduction
methodology, including axiom assumptions, theorem
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reasonings, and case proof. *e modeling mechanism of
SED is economic mechanics based on the new theory of
value. *ese mechanisms, in the form of corresponding
mathematical formulas, influence the behaviors of thou-
sands of heterogeneous agents in the model, who act without
a unified plan but only rely on local economic information.
Each agent pursues the maximization of its wealth value
alone following the principle of profit maximization, and
finally the entire market economy reaches the global equi-
librium and optimization under free competition and
spontaneous regulation. *e mechanism-based modeling of
the SED model solves the problem of computer simulation
for the general law of economic systems.

Rule-based modeling is based on the regulations and
statutes formulated and recognized by the public or those
made by the representatives and obeyed by all members.
Each independent agent in the model is bound by specific
rules of conduct, including state institutions, industry reg-
ulations, and enterprise system norms, which are necessarily
compatible with the above mechanisms based on the new
theory of value. Under different rule constraints, each
agent’s behavior must follow special laws of motion and thus
produce different economic results. Economic rules con-
strain the activities of rational and irrational agents and can
help simulate various complex and special economic
phenomena.

Data-based modeling is based on the functional rela-
tionship estimated using statistical data and econometric
techniques. Although the agents’ behaviors in the model are
characterized by discreteness and complexity, their aggre-
gate results are subject to the general statistical laws in
economics, such as the law of large numbers and con-
sumption functions derived from daily statistics. Data-based
modeling can simulate some phenomena that take on a
stable law or that cannot be explained by the economic
theories, help validate the SED model’s parameters, and
construct data system of initial period for simulation model.

2.3. Global EquilibriumControlMechanismof SED. *e SED
model is a dynamic economic simulation model with a large
size and high coupling that unifies non-equilibrium and
equilibrium. In the mechanism-based model, stability is a
necessary condition to ensure that the system operates
according to the mechanism under normal conditions. At
the same time, it is also a necessary condition to verify that,
under certain conditions, the system must show abnormal
phenomena. Under the influences of the “invisible hand” of
the market and the “visible hand” of the government, the
model operation does not only have the characteristics of
Lyapunov asymptotic stability [33, 46, 47] but also achieves
the dynamic global optimization of macro and micro-
economy. *e details are as follows:

(1) *e output adjustment of enterprise under static
conditions: under the condition that the external
input of the model, especially the labor productivity,
is constant and under the axiom that anyone’s de-
mand for a particular commodity is upper bounded
(see Section 3.2), during the production process of

every commodity, the actual value of the commodity
falls below a reasonable value when the supply of the
commodity exceeds the rational demand of the
market. At this time, any enterprise that produces
this commodity will experience a decrease in revenue
and will lose money if it continues the production. If
the enterprise opts to downsize the production of the
commodity so that the supply of the product is equal
to its reasonable market demand, then the enterprise
will stop losing. Otherwise, when the loss reaches a
certain extent, the enterprise will go bankrupt, so
that the quantity of social production is forced to
restore generally in line with demand, and the
commodity economy will asymptotically converge to
a fixed point where the supply and demand of the
market are rebalanced (a strict proof of dynamic
output adjustment towards equilibrium is shown in
Wu et al. [46]).

(2) *e enterprises’ quality adjustment and entry or exit
adjustment under dynamic conditions: under the
condition that the external input of the model, es-
pecially the labor productivity, is increasing with
time (see the axiomatic assumptions in Section 3.2),
if enterprises in any industry continue to produce the
products of the same quality (or grade) for too long,
the overcapacity phenomenon will undoubtedly
occur, i.e., the production capacity of enterprises for
such products surpasses the market rational demand.
If enterprises in this industry cannot improve
product quality in time, it will lead to severe over-
capacity. When most industries start experiencing
severe overcapacity, it will give rise to large-scale
losses and bankruptcies, a drop in workers’ income
or a spike in unemployment, and even a systemic
recession or crisis. If enterprises in the industry can
improve product quality in time, they can address
excess capacity and drive economic recovery and
prosperity, so that the industry reaches a new supply-
demand balance at a higher product quality level.
*is economic development process does not only
reflect the periodic movement of recession, crisis,
recovery, and prosperity but also shows a continu-
ously increasing wealth value in terms of utility
properties.

Under the law of the average rate of profit among
different industries, the cyclical fluctuations in the
industry will be reduced. Cyclical fluctuations in
different industries do not necessarily coincide, so
there may be imbalances in the average rate of capital
profit in different industries within the same eco-
nomic system. For example, some industries are in
recession or crisis, while others are in recovery and
boom.*e average rate of capital profit in the former
industries is possibly lower than that of the latter. In
this case, in order to chase higher profits, capital
must flow from industries with a lower average rate
of profit to industries with a higher average rate of
profit. It will eventually restore the general
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equilibrium of the economy by increasing the pro-
duction capacity of industries in recovery and boom,
while decreasing the production capacity of indus-
tries in recession and crisis.

(3) *e government’s macroeconomic regulation: in
addition to the spontaneous adjustment mechanism
of the commodity economy system, government
interventions are also a powerful control method to
ensure the stability and optimization of the system.
In the SED model, government’s reasonable regu-
lation towards the commodity economy system can
avoid or reduce the economic instability and cyclical
fluctuation caused by the market’s spontaneous
adjustment and then maximize national income and
the value of social wealth. *e government can
implement monetary policies such as money supply
and interest rate policies and fiscal policies such as
tax, investment, and welfare policies. *ese policies
can be contractionary or expansionary depending on
the overcapacity situation of various industries in the
model. When the entire society’s production ca-
pacity outnumbers the bounded demand, the gov-
ernment adopts contractionary policies. Otherwise,
the government adopts expansionary policies. Be-
sides mitigating economic fluctuations, the gov-
ernment aims to promote long-run economic
development by investing in science and technology
and promoting new technologies and products.

3. Theoretical Foundation of the SED Model:
The New Theory of Value

3.1. General Definition of the Value of a Commodity.
Economics is the study of how societies use scarce resources to
produce valuable commodities (goods and services) and dis-
tribute them among different individuals [48]. *us, com-
modities are the vital research objects in economics. *e core
problem of studies concerning commodities is how their value
is measured. *e value of a commodity includes the exchange
value determined by the amount of labor consumed during the
production process of the commodities and the use value
determined by the degree of satisfaction or the utility quantity
obtained by the agents during the process of commodity
consumption. *erefore, the key to measuring a commodity’s
value is to put forward a measure of the value of the amount of
labor consumption and the utility quantity. However, neither
the labor theory of value nor the utility theory of value has
constructed a unified and dynamic measure of value [38].

*e new theory of value provides a new definition of
labor value and use value of commodities by analogy with
Newtonian mechanics. Suppose that the labor consumed in
the process of commodity production is equivalent to the
“force” of labor, and that the utility obtained in the process
of commodity consumption is equivalent to the “force” of
consumption. *en, the labor value and use value are de-
termined by the “force” of labor and the “force” of con-
sumption, respectively. Suppose that before the advent of
human beings, all natural matters are taking an uniform

linear motion and thus have no value. After the emergence of
humankind, human beings began to engage in production
activities to meet their own needs. *e force of labor causes
the displacement of particles in the commodity space to
produce an acceleration, which determines the value of
commodities. *e force of labor is determined by three
factors: product quantity (denoted by b), economic quality
(or commodity grades and utility level, denoted by m), and
time (denoted by t). By analogy with Newton’s second law,
the force of labor is f � ma (the acceleration of labor
production is a � d2b/dt2) and the work of labor is w � fb,
which determines the value of commodities. Furthermore,
humankind has the ability of improving the dexterity, i.e.,
“labor gravitational force,” which leads to gravitational
acceleration and generates surplus value in the production of
commodities. *e amount of surplus value or profit in the
production of a commodity can be accurately measured by
the Lagrangian L � T − V. On the other hand, the use value
form of commodities has a dual relationship with some
dimensions of labor value. For example, consumption
volume is equal to the negative of product quantity; demand
quantity is equal to the negative of labor productivity; utility
quantity is equal to the inverse of negative labor produc-
tivity; utility level is equal to the negative of the economic
quality; the force of consumption is equal to the negative of
the force of labor; use value is equal to the negative of the
labor value; and total market sales are equal to the total
market purchasing power. Detailed definitions of labor
values and use values in the new theory of values and their
counterparts in Newtonian mechanics are listed in Table 1.

3.2. 5e Basic Axiom of the New 5eory of Value. *e new
theory of value consists of six fundamental axiomatic as-
sumptions. (1) Natural wealth has no value. In the motion of
natural wealth without the participation of labor, there is no
action of the force of labor on the displacement of a point
during uniform linear motion in the quantity vector space
formed by the quantity of natural wealth, i.e.,
f � 0⟺ db/dt � 0. (2)*e acceleration in the production of
wealth determines the force of labor. In the process of wealth
production, a point in the quantitative vector space on which
human beings use their labor and the means of production to
work has a displacement, and the force of labor is equal to the
product of economic quality and acceleration, i.e., f � ma.
(3) *e sum of the force of labor and the force of con-
sumption is zero, by analogy with Newton’s third law of
motion, where the force of action (denoted by f) is equal to
the force of reaction (denoted by − f). (4) Labor gravity must
exist throughout the working process, but labor gravity is only
a natural force instead of a force of labor. In the production
process, humankind can learn by doing so that labor pro-
ductivity will increase with time when producing the same
product of any kind, resulting in acceleration of labor
gravitational force generated in the production process, i.e.,
g � m(d2b/dt2). (5) *e force of labor determines the
value of commodities. *e commodity economic system is a
social and economic system of wealth production through the
division of labor and commodity exchange. In the commodity
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economy system, when people transact commodities in the
market, they evaluate the value of commodities exchanged
according to the average necessary force of labor consumed in
the production of commodities. *e value of commodities is
equal to the work done by the force of labor, that is, w � fb.
(6) *e quantity of demand for useful things is upper
bounded. *e rational demand for useful things is b∗, i.e.,
when bα ≤ b∗α , vαβ � − vαβ; when bα > b∗α , vαβ � − v∗αβ, where α
and β represent the type of product and the utility attribute of
each product, respectively. *erefore, even in the case of
excess supply, rational demand is a constant.

3.3. Linear Programming Model System of Commodity
Economy. *is section describes the linear programming

model system that captures the key mechanism of the SED
model. Several typical models detailed in Wu’s monograph
“On Wealth” are introduced [40], such as the models of
production of means of subsistence and means of produc-
tion (Chapter 12), the model of commodity exchange
(Chapter 13), the model of commodity price (Chapter 14),
the model of production and financial capital (Chapter 15),
and the model of government’s macroeconomic regulation
(Chapter 16). *e complete version of the linear pro-
gramming model of SED analyzes the agents’ behavior and
market interaction in the environment where labor pro-
ductivity is constant or time varying using the corre-
sponding Euclidean or Riemannmetrics as measure of value.
Although the Riemann metric is more general than the
Euclidean metric, the core mechanisms based on them are

Table 1: *e definitions of labor value and use value in new theory of value and their counterpart in Newtonian mechanics.

Concepts in economics
Concepts in
Newtonian
mechanics

Mathematical notation Dimension

(A) Basics
Labor time Time t (T)
Product quantity Distance b (L)
Economic quality Mass m (M)
Labor productivity Velocity vα � dbα/dt (LT− 1)
Labor production
acceleration Acceleration aα � d2bα/dt2 (LT− 2)

Force of labor Force fα � mαaα (MLT− 2)
(B) Labor value
Labor value of
commodities Work w � fb (L2MT− 2)

Unit labor value — wα � wα/bα (L2MT− 2)
Legal monetary aggregate — M � κ(

n
α�1 wα); (kL2MT− 2)

Commodity price — pα � (wα/w)M (kL2MT− 2)

Kinetic energy of labor
value Kinetic energy

E � 
n
α�1(Eα1 + Eα2),

Kinetic energy of labor value of means of production Eα1 � 1/2mα1v
2
α1,

kinetic energy of labor value of the force of labor
Eα2 � 1/2mα2v

2
α2,

(kL2MT− 2)

Potential energy of labor
gravitational force Potential energy φ � 

n
α�1 mαgαbα, (L2MT− 2)

Surplus labor value Lagrangian ϖ � κ(− E + φ) (kL2MT− 2)
Constant capital (means
of production) Kinetic energy C � 

n
α�1 Cα � 

n
α�1 κEα1; (kL2MT− 2)

Variable capital (force of
labor) Kinetic energy V � 

n
α�1 Vα � 

n
α�1 κEα2; (kL2MT− 2)

Surplus value rate — τ � ϖ/V (K ς)
Profit — Π � ϖ (kL2MT− 2)
Profit rate — π � κ[ϖ/(C + V)] (K ς)
(C) Use value
Consumption quantity — − b (L)

Demand quantity — vαβ � − dbαβ/dt, where α represents the type of products and β represents
the type of utility type with each type of products (LT− 1)

Utility quantity — uαβ � − 1/vαβ (LT− 1)
Force of consumption — fαβ � − fαβ (MLT− 2)
Utility level — mα � mα � 

m
β�1 mαβ (M)

Use value — w � − w � − fb (L2MT− 2)

Total social market sales —
M � − M � 

n
α�1 − Mα � 

n
α�1 − wαbα, where M represents purchasing

power of legal tender (kL2MT− 2)

Note. For the sake of simplicity, assume that the economic quality does not change over time; κ represents the conversion coefficient between the unit quantity
of legal tender issued by a country under the non-gold standard and the total labor value of commodities, i.e., the price index.
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almost the same. Admittedly, the agents in non-linear and
dynamic SEDmodel are more heterogeneous and interactive
than those in the linear programmingmodel system, the core
behaviors of the agents in these two models are consistent,
and the SED model asymptotically converges to the equi-
librium and optimization state described by the linear
theoretical model. *erefore, in illustrating the linear pro-
gramming model, we retain the core behaviors of the agents
in the commodity economy based on the value of Euclidean
metric and abstract away the operation process of nonlinear,
nonequilibrium, and dynamic evolution featured in the SED
model.

3.3.1. Production of Enterprises’ Means of Subsistence (or
Consumer Goods). Here, the optimal production plan for
means of subsistence is considered. Under the condition that
labor productivity is constant, it is assumed that the fol-
lowing variables are known: (1) type and quantity of each
factor of production, including force of labor, means of
labor, and objects of labor; (2) labor productivity in the
production process given those factors of production; and
(3) amount and level of utility embedded in various means of
subsistence produced by each person. Further, assume that
everyone pursues the satisfaction of total utility for a specific
usage before seeking a higher level of utility. *e problem of
optimal production planning is how to arrange the limited
factors of production to produce the means of subsistence
that meet the needs of all people and attain the highest level
of utility.*e value and quantity of commodities determined
under the optimal production plan are the stable and
equilibrium market value, product quantity, and rational
demand of the whole commodity economy.

*e linear production function of the α-th (n types in
total) means of subsistence produced by the d-th individual
(l individuals in total) using h factors of production is

b
(d)
α � Fx

(d)
, (1)

where F � (fαβ)n×h, fαβ is the quantity of β-th (h types in
total) factor of production required in the production of the
α-th means of subsistence per unit quantity,
α � 1 . . . n, β � 1 . . . h. b(d)

α is α-th (n types in total) means of
subsistence produced by the d-th individual.
x(d) � (x

(d)
1 , . . . , x

(d)
h ) is the vector of h factors of

production.
Let i

(d)
k denote the number of utility attributes of all

products for k-th usage owned by the d-th individual. *e
utility function is A(d) � (a

(d)
αk )n×m, where a

(d)
αk represents

the quantity required to attain per unit utility of the α-th
means of subsistence for k-th usage; then,

i
(d)
k � 

n

α�1
A

(d)
Fx

(d)
 . (2)

Let gα be the utility level function; then, the utility level
of α-th means of subsistence produced by the d-th individual
is

j
(d)
α � gα Fx

(d)
 . (3)

Under the production objectives and constraints above,
it is required that the total utility of the products meets the
needs of all people for all m usages, while the utility levels of
the products are the highest. *en, the linear programming
model for the production of means of subsistence is as
follows.

*e objective function is

max j � 
dα

j
(d)
α � 

dα
gα Fx

(d)
 . (4)

*e constraints are

(a): i
(d)
k � 

n

α�1
A

(d)
Fx

(d)
  � 1, k � 1 . . . m, d � 1 . . . l,

(b): 0< x
(d)
β < r

(d)
,

(c): h>m,

(5)

where constraint (a) means that commodities for each class
or each usage with different utility level must satisfy the
demand of consumers for the bounded quantity of utility,
constraint (b) means that the total amount of each factor of
production is limited and fixed, and constraint (c) means
that at least one commodity has a different utility level. *e
number of unknowns in these linear programmingmodels is
h × l, and the number of independent equations is
h × l − m × l. If the rank of the coefficient matrix is equal to
the rank of the augmented matrix, the solutions to the linear
equations exist but are not unique.

*us, in any socio-economic form with limited amount
of factors of production, if all members regard factors of
production as a whole and take as a whole all their needs, i.e.,
the pursuit of both the amount and the level of utility,
humankind can always find an optimal combination of the
factors of production available, so that the produced means
of subsistence can meet the needs of all people, and their
utility level is the highest. In this case, the solutions to the
model are not unique, but all production plans that lead to
the optimal solutions are equivalent in terms of the total
value of commodities.

3.3.2. Production of Means of Production (or Capital Goods)
of the Enterprises. Here, the demand for means of pro-
duction and the compensation of production materials re-
quired to produce the means of subsistence are considered.
Given consumers’ bounded demand and the input-output
relationship between means of subsistence and means of
production, the rational demand for means of production
can be assumed to be known. At the same time, suppose that
the costs of the means of production are known and that the
reserve of means of production is sufficient. *e problem of
the optimal production plan of means of production is how
to use the limited amount of factors of production to
produce at the lowest cost as many products as rational
demand for means of production.

Assume l persons own h means of production
X � (xβd)h×l, where xβd denotes the β-th means of
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production owned by the d-th person. a ∈ X represents a
reasonable reserve of means of production. *e production
function of the means of production, i.e., the consumption
matrix, E � (edβ)l×h. c ∈ C, c � (c1, c2, . . . ch), is the rational
demand for means of production. Let P � 

l
d�1 P(xβd) be

the production cost function of means of production, and
the linear programming model for means of production is as
follows.

*e objective function is

minP � P(x), (6)

subject to the constraints that (a) 
l
d�1 P(xβd) � c and (b)

∀xβd ∈ X, a≤ xβd ≤ a, where constraint (a) indicates that the
produced means of production can satisfy the demand for
the compensation for the means of production in the
production process and constraint (b) means that the means
of production used for production must be limited and
sufficient for the production of means of production that
meet rational demand.

*e production of means of production can be com-
bined with the production of means of subsistence to form
a multi-objective linear programming model. *is model
can reasonably determine the reasonable allocation of the
factors of production in the process of production of means
of subsistence and means of production, so that means of
subsistence produced can meet the needs of all people on
total utility, attain the highest utility level, and consume the
lowest cost of labor so that the production factors con-
sumed in the production process are fully compensated,
and the simple and repeated commodity production
process is continued. In particular, if combined with
Leontief’s input-output theory, the model would have a
unique optimal solution to the production plan of the
entire society.

3.3.3. Exchange of Means of Subsistence by Households.
In any process of commodity exchange, individuals transact
their commodities with others in pursuit of their private
interests. Different individuals have distinct preferences for
the same commodity, and commodities are redistributed
among people by exchange so that everyone’s demand for
total utility is satisfied and the utility level of the final
commodity portfolio reaches its maximum. *e commodity
exchange is carried out based on the principle of equivalence.

Assume l persons have the commodities with n usages
and m types for each usage. Suppose that different indi-
viduals may obtain different levels of utility for the same
category of commodities. Given the utility amount, utility
level, and labor value of each commodity, the optimal
commodity exchange plan is how to make the utility levels of
the exchanged commodities for each person reach the
maximum, given the constancy of the commodity quantity,
the equivalence of labor value, and the satisfaction of ev-
eryone’s needs.

*e objective function is

max j � J b111, b112, . . . b11l, b121, b122, . . . b12l, . . . bnml 

� fj
B

(1)
, B

(2)
, . . . , B

(l)
  � 

l

d�1
trB

(d)
J

(d)
 ′,

(7)

subject to the constraints that

(a) Equivalent exchange principle: trB
(d)

Kt � trB(d)Kt.
(b) *e invariance principle of total quantity:


l
d�1

B
(d)

� 
l
d�1 B(d).

(c) *e satisfaction principle of total utility for each

usage: trB
(d)

It �

1 · · · ∗
⋮ ⋱ ⋮
∗ · · · 1

⎡⎢⎢⎢⎢⎢⎣
⎤⎥⎥⎥⎥⎥⎦.

(d) *e quantity of commodities is non-negative: B(d) is
non-negative, where B(d) � (bαβd)n×m×l is the d-th
individual’s commodity matrix before exchange, in
which bαβd represents the quantity of the β-th
commodity with α-th usage owned by the d-th in-
dividual; B

(d)
� (bαβd)n×m×l is the d-th individual’s

commodity matrix after exchange, in which bαβd

represents the quantity of the β-th commodity with
α-th usage owned by the d-th individual;
K � (kαβ)n×m is the labor value matrix per unit of the
commodity, in which kαβ represents the labor value
of the β-th commodity with α-th usage; I � (iαβ)n×m

is the utility matrix of per unit of the commodity, in
which iαβ represents the utility amount of β-th
commodity with α-th usage; and J(d) � (jαβd)n×m×l is
the utility level matrix of per unit of the commodity
given to the individual, in which jαβd denotes the
utility level of the β-th commodity with α-th usage
owned by the d-th individual.

3.3.4. Exchange Value or Price of Commodities. *e ex-
change value of commodities, or the quantity of any other
commodities for which it can exchange in the market, can be
expressed as the proportion of the value of each commodity
in unit quantity in the total value of all commodities in the
entire society [39]. Under the non-gold standard system, the
value of a commodity is expressed in money form. Money
does not only perform as an information symbol of com-
modity value but can also have an impact on the production
and exchange of commodities. If the unit value of com-
modities is constant and the distribution of money flows is
reasonable, the price of each commodity is equal to the ratio
of its value to the total value of the society multiplied by the
total money flow:

pα � bα
vα/

n
α�1 bαvα

bα
m, (8)

where bα is the quantity of the commodity, vα is the fixed
value per unit of the commodity, and m is the total money
flow. Here, it is shown that the prices of commodities are
proportional to the currency supply.
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According to the sixth axiomatic assumption, the
commodities above the rational demand have no use value
or utility and thus no labor value or exchange value. For a
society with only one commodity, given the unit value and
utility level and monetary aggregate remain unchanged,
suppose the total commodity value is proportional to the
total money flow in the society, namely, m/bαvα � k is a
constant; then, the relationship between the price and
quantity of the commodity is

pα � pα bα(  �

kvα, bα ≤ b
∗
α ,

kb
∗
αvα

bα
, bα > b

∗
α ,

⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

(9)

where b∗α is the rational demand or satiety point of con-
sumption. When bα does not exceed b∗α , the price of the
commodity pα remains constant. When bα exceeds b∗α , the
price of the commodity is inversely proportional to the
quantity of the commodity.

For a society with multiple commodities, the relation-
ship between the price and the quantity of the commodity is

pα � pα bα(  �

kvα

sα + bαvα
, bα ≤ b

∗
α ,

kb
∗
αvα

bα sα + b
∗
αvα( 

, bα > b
∗
α ,

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(10)

where sα � β≠αbβvβ is the total value of the commodities
other than the α-th commodity. Obviously, when consid-
ering multiple commodities, the unit price of a particular
commodity decreases monotonically as the quantity in-
creases and falls faster after the quantity surpasses the critical
point b∗α .

3.3.5. Production Capital Investment. *e model of capital
investment allocation reflects the best allocation of resources
among different industries. Capital is the general repre-
sentation of the wealth production process in the com-
modity economic system, and its movement is a repeated

process of commodity production, exchange, and monetary
medium. Various forms of capital include production
capital, commercial capital, and financial capital, whose goal
is to chase profits.

Under the condition that labor productivity is constant,
given the production function, sales revenue function, and
cost function of various commodities, further assume capital
flows freely between industries, and the problem of optimal
allocation of production capital is how to allocate capital in
the production of different commodities to maximize
profits.

Suppose a production system that produces n products,
α � 1, 2, . . . n. Let C be the total amount of capital and b0α and
b∗α be the rigid demand and rational demand for the α-th
product. Assume that the variable cost of the α-th product is
proportional to the quantity with the proportional coeffi-
cient λα and c is the fixed cost, and the relationship between
the cost of producing α-th product and the output is

pα � pα bα(  � λαbα + c. (11)

Assume that the sales revenue of the α-th product is
proportional to the quantity that does not exceed the rational
demand b∗α with the proportional coefficient λα for rigid
demand and λα for normal demand. Suppose that the unit
price of each commodity within the rigid demand range is
higher than that of any product within the normal demand
range, i.e., λα >max λ1, λ2, . . . λα . *e total value and sale
revenues of commodities will cease to increase if there is
excess production over the rational demand b∗α . *e rela-
tionship between the sales revenue and quantity of the α-th
product is

�pα � �pα bα(  �

λαbα, 0≤ bα ≤ b
0
α,

λαbα + λα − λα b
0
α, b

0
α ≤ bα ≤ b

∗
α ,

λαb
∗
α + λα − λα b

0
α, bα > b

∗
α .

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(12)

*en, the relationship between profit and quantity can be
expressed as

πα � πα bα(  � �pα bα(  − pα bα(  �

λαbα − λαbα − c, 0≤ bα ≤ b
0
α,

λαbα + λα − λα b
0
α − λαbα − c, b

0
α ≤ bα ≤ b

∗
α ,

λαb
∗
α + λα − λα b

0
α − λαbα − c, bα > b

∗
α .

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(13)
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*e relationship between profit rate and quantity is

κα � κα bα(  �
πα bα( 

pα bα( 
�

λαbα − λαbα − c

λαbα + c
, 0≤ bα ≤ b

0
α,

λαbα + λα − λα b
0
α − λαbα − c

λαbα + c
, b

0
α ≤ bα ≤ b

∗
α ,

λαb
∗
α + λα − λα b

0
α − λαbα − c,

λαbα + c
, bα > b

∗
α .

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(14)

As can be seen from equations (13) and (14), for the
capital of a single industry, both profit and profit rates are
increasing until rational demand is reached and will decline
as product quantity outnumbers rational demand. Fur-
thermore, set the total capital profit function as

π � 
n

α�1
πα bα( . (15)

It can be demonstrated that if the marginal returns of
capital are equal across industries and the average profit rate
is the same, the profits of the entire society must be max-
imized at the satiety point of demand b∗α . Since industrial
capital is a function of product quantity, given the optimal
product quantity of each industry, the optimal allocation of
capital investment in each industry is determined.

3.3.6. Financial Capital Investments. Let m be the total
amount of money used by the entire society for direct in-
vestment, C be the value of capital, κ be the value-added rate
or average profit rate of capital investment, σ be the risk
factor of the stock market, y be the amount of money
flowing to the deposit market, and c be the deposit interest
rate; then, the monetary capital value of the existing stock
market isC/m.*e expected unit value of monetary capital is

C(1 + κ) − Cσ(1 + κ)

m − y
. (16)

When the interest rate on bank deposits is known, the
equilibrium equation of the yield of capital investment is

C(1 + κ) − Cσ(1 + κ)/m − y − C/m
C(1 + κ) − Cσ(1 + κ)/m − y

� c, (17)

which means that the yield of money capital is equalized
between the stock market and the deposit market. Further, it
can be inferred that

y
∗

� m[1 − (1 − c)(1 + κ)(1 − σ)]. (18)

When the interest rate on deposits or risk factor is 100%,
all of monetary capital will flow into the bank.When real rate
of return on capital, i.e., the return on capital net of risk

factors, is greater than the deposit rate, more monetary
capital will flow to the stock market. Moreover, all of the
monetary capital will flow to the stock market if and only if
1 − (1 − c)(1 + κ)(1 − σ) � 0.

3.3.7. Macroeconomic Regulation by the Government. In the
case of supply-demand imbalance, especially overcapacity,
the government’s macroeconomic regulation helps the
market quickly restore the balance of supply and demand so
that national income and the total value of wealth reach the
maxima. Standard macroeconomic regulation policies are
monetary and fiscal policy instruments. Monetary policy
instruments include interest rate and money supply policies,
while fiscal policy instruments include government pur-
chase, government investment, and tax rate policies.

Suppose that the total income of the d-th economic agent
is composed of wage income and disposable profit, i.e.,
n(d) � U(d) + π(d), where U(d) and π(d) are the wage income
and disposable profit of the d-th person, respectively.

Suppose that the factor of production by d-th economic
agent in the δ-th firm is
(x

(δd)
1 , x

(δd)
2 , . . . , x

(δd)
h ) � (u(δd)

ι , q(δd)
o , z(δd)

ρ ), where u(δd)
ι ,

q(δd)
o , and z(δd)

ρ are the vectors of force of labor, labor
materials, and labor objectives, respectively. Accordingly,
the output of the first α-th commodity produced is
b(δd)
α � flα(u(δd)

ι , q(δd)
o , z(δd)

ρ ), where P
(δ)

uι , P
(δ)

qo , and P
(δ)

zρ
represent the cost of force of labor, labor materials, and labor
objectives, respectively. *e cost of the factors of production
used by d-th economic agent in the δ-th firm is
D(δd) � ιP

(δ)

uι c(δd)
ι + ιP

(δ)

qo q(δd)
o + ιP

(δ)

zρ z(δd)
ρ , where the

total wage income of the d-th person is U(d) � ιP
(δ)

uι u(δd)
ι .

*e dividends that the d-th person receives are calculated
below.

*e unit value of the α-th commodity is determined by
the piecewise function of commodity value, i.e.,

vα � fv bα, Dα(  �

Dα, bα ≤ b
∗
α ,

Dαb
∗
α

bα
, bα > b

∗
α ,

⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

(19)
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where bα � δdb(δd)
α is the quantity of the α-th commodity;

Dα � δdD(δd)
α /δdb(δd)

α is the unit cost of the α-th com-
modity; and b∗α is the rational demand of the α-th com-
modity by all the people in the society. Given the money flow
m, the price of the α-th commodity is calculated as

pα �
vα

αvαbα
m �

Dα

αDαbα
m, bα ≤ b

∗
α ,

Dαb
∗
α/bα

αDαb
∗
α

m, bα > b
∗
α .

⎧⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

(20)

Let bα � min(bα, b∗α) denote the actual demand for the
α-th commodity, and then the sales rate for the α-th
commodity is λα � aα/bα. *e total sales of the δ-th firm are
S(δ) � α dλαb(δd)

α pα, and then the profit from the sales is

π(δ)
� S

(δ)
− 

δd

D
(δd)
α . (21)

*e proportion of shares held by the d-th person in the
δ-th firm is the share of the cost of his factors of production
in the total cost of the enterprise, i.e.,

ε(δd)
�

D
(δd)
α

δdD
(δd)
α

. (22)

*e profit that the d-th person in the δ-th firm gets is
π(δd) � ε(δd)π(δ). *e total profit earned by the d-th person is
π(d) � δπ(δd). *e income of all economic agents in the
entire society, i.e., national income, is

n � 
d

n
(d)

� 
δdα

λαb
(δd)
α vα

αvαbα
mε(δd)

− 
δdα


ι

P
(δ)

qo q
(δd)
o + 

ι
P

(δ)

zρ z
(δd)
ρ

⎛⎝ ⎞⎠ε(δd)
. (23)

When zn/zb(δd)
α zb(δd)

α /zx(δd)
α � 0, national income is

maximized, but δdb(δd)
α is not necessarily equal to b∗α . It

means that when national income reaches themaximum, the
value of social wealth is not necessarily the highest unless
δdb(δd)

α � b∗α .
*e government revenues and expenditures affect na-

tional income. *e government incomes include sales tax,
income tax, and other taxes. Sales tax Ts is the product of
sales revenue and sales tax rate, i.e., Ts � t1S. Income tax Tn

is the sum of profits and wages multiplied by the income tax
rate, i.e. Tn � t2(π + U). Other taxes are calculated as
Tπ � t3S. Government revenues are calculated as
FI � Ts + Tn + Tπ. *e government expenditures are a
function of total government revenue. *e government

expenditures can be divided into the government infra-
structure investments GI � f1(FI) and the government
science and technology investment GS � f2(FI). *e ex-
pansionary fiscal policy function is Gπ � GI + GS. Let GK �

f3(FI) represent the government welfare expenditure.
Taking into account government taxes, fiscal expendi-

tures, monetary policies, resident reinvestments, and sav-
ings, the national income is equal to the current product
quantity multiplied by the sales rate and multiplied by the
price and currency issuance growth rate, plus the govern-
ment’s expansionary fiscal policy expenditures and pro-
tective fiscal policy expenditures, plus the monetary savings,
minus the government revenues and the costs of production,
i.e.,

π � 
dα

bα(π, i,t)λαpαε
(d)κM + g Gπ(  + f GK(  + M(π, i,t) − FI − 

δdα

ι

P
(δ)

qo q
(δd)
o + 

ι
P

(δ)

zρ z
(δd)
ρ

⎛⎝ ⎞⎠ε(δd)
, (24)

where π, i, and t denote the rate of profit, the interest rate,
and the composite tax rate, respectively, which jointly de-
termine the output bα, κM is the growth rate of currency
issuance, g(Gπ) is the revenue function of the government’s
expansionary fiscal policies, f(GK) is the revenue function
of the government’s protective fiscal policies, and M(π, i,t)

represents the households’ savings.
Under different supply-demand imbalance, the gov-

ernment can help restore supply-demand balance and reach
the maximum of the national income and wealth value by
implementing the macroeconomic policies of interest rates,
tax rates, welfare, and investment expenditures.

For interest rate policies, (1) when b> b∗ and zπ/zb> 0,
the economy is in a state of false prosperity, which implies

that zπ/zi< 0. In order to reduce false profits, interest rates
should be increased to reduce the production; (2) when
b> b∗ and zπ/zb< 0, which implied zπ/zi> 0, interest rates
should be raised to reduce production and increase profits;
(3) when b< b∗ and zπ/zb> 0, interest rates should be re-
duced to increase production and decrease profits; (4) when
b< b∗ and zπ/zb< 0, interest rates should be reduced to
increase production and decrease profits.

For tax policies, (1) if b> b∗ and zπ/zb> 0, the economy
is in a state of false prosperity. As zf(E)/zFI < 0 and
zFI/zb> 0, then zπ/zFI < 0. *erefore, the government
should raise the tax rates and reduce profits and production.
(2) Suppose b> b∗ and zπ/zb< 0. As zf(E)/zFI < 0 and
zFI/zb> 0, then zπ/zFI < 0. *erefore, the government
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should stabilize the tax rate and increase investment in
science and technology because lowering tax rates will in-
crease production, which will lead to a decrease in profits,
causing the enterprises to decrease production spontane-
ously. On the other hand, increasing tax rate will lead to
bankruptcy of the enterprises. (3) If b< b∗, zπ/zb> 0,
zg(E)/zFI − zf(E)/zFI < 0, then zπ/zFI > 0, and the gov-
ernment should raise taxes to enlarge the size of production
and increase revenues. (4) If b< b∗, zπ/zb> 0, and
zg(E)/zFI − zf(E)/zFI > 0, then zπ/zFI < 0, and the gov-
ernment should reduce the taxes in order to expand the size
of production and increase revenues.

For money supply policies, (1) if b> b∗ and zπ/zb> 0,
the economy is in a state of false prosperity; then,
zπ/zκM > 0, and the central bank should reduce currency
issuance, which will shrink the scale of overproduction. (2)
If b> b∗ and zπ/zb < 0, then zπ/zκM > 0, and the central
bank should stabilize currency issuance. (3) If b< b∗ and
zπ/zb> 0, then zπ/zκM > 0, and the central bank should
stabilize currency issuance so that the size of production is
enlarged, profits and national income are increased, and
the risk of inflation is excluded. (4) If b< b∗ and zπ/zb< 0,
then zπ/zκM < 0, and the central bank should reduce
currency issuance.

4. China’s Economic Digital Twin System
Based on the ABM-SED Model: The
Relationship between the Virtual Network
World and the Real Society

4.1. National Economic Simulation. A state or country is the
most basic economic simulation unit, where the central
government manages 8 major industries and 42 types of
products. *e daily flows of commodities, labor, and capital
for every industry, enterprise, and resident inside the state
constitute the digital twin system close to the real economic
and social system (see Figure 1).

(1) National model framework: the boxes in the flow-
chart in Figure 1 above represent the economic
objects described by the simulation model. *ese
objects include the main economic entities, gov-
ernment entities, and various forms of wealth, which
can be further divided into enterprises, residents,
markets, banks, securities, currencies, commodities,
prices, government departments, external environ-
ment, etc.
*e arrows between the boxes represent the be-
haviors and directions of the economic objects, that
is, the processes and flow rate of the simulation
system. Specifically, they are the flows of com-
modities, labors, and capital in the real economic and
social system. *e boxes having outward arrows
without inwards represent the start point of exog-
enous variables. *e boxes having inward arrows
without outwards represent the endpoint of these
variables. *e remaining variables with double ar-
rows represent endogenous variables. All endpoint

variables and endogenous variables are output var-
iables of the system.
*e arrows and the boxes along which the arrows
circulate constitute an internal loop of the economy.
In the process of economic system simulation, each
internal loop is at least one time step apart. Multiple
internal loops can form a subsystem, and all sub-
systems form the time series relationship between
every economic object in the whole economic sim-
ulation system.

(2) Main blocks: according to the classification of the
main economic objects, the SED model can be di-
vided into six blocks: enterprises, residents, markets,
banks, securities, and government.*ese blocks have
some subblocks. For example, there are hundreds of
subblocks in the resident block, hundreds of sub-
blocks in the enterprise block to produce 42 prod-
ucts, and 6 markets (rawmaterials, equipment, living
materials, banking, securities, and labor) in the
market block.

4.1.1. Enterprise Block. In the enterprise block of the SED
model, there are marketing department, planning depart-
ment, production department, quality inspection depart-
ment, procurement department, warehousing department,
sales department, capital department, finance department,
personnel department, and new product development de-
partment. Each department is also well equipped with full
functionalities (see Figure 2).

Each enterprise can produce multiple products, each
of which has 4 grades at any period. *e product can
upgrade along with the enterprise’s production capacity
and market demands, accompanied by the elimination of
the products of older grades. *e production plan of an
enterprise is arranged according to market demands and
profits. *e enterprise would increase the production of
highly profitable products, maintain or reduce the pro-
duction of slightly profitable products, and turn to pro-
duce new high-grade products instead of those with
continuous losses. Each type of equipment is specific and
helps produce the products of various varieties, grades,
and quantities by a fixed production function with other
inputs after a specific time. Enterprises in different in-
dustries produce different types of products. *ere are 33
types of products in total. 7 of them are means of sub-
sistence: basic food, basic daily necessities, basic durables,
general consumables, general durables, development
consumables, and development durables. 26 of them are
means of production: the production equipment of means
of subsistence and raw materials, specific equipment for
banks, securities, government, and equipment for pro-
duction equipment.

As far as the employment and wages of the enterprise’s
labor force are concerned, the personnel department shall
employ high-skilled, medium-skilled, and low-skilled labor
force and temporary low-skilled labor force in proportion to
the equipment of different grades. *e workers will work
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overtime when the workload is heavy.*us, the employment
and wages of workers are changeable according to the
business conditions of the enterprise.

Regarding the enterprise funds, the capital department
allocates funds to the procurement department and per-
sonnel department according to the production tasks. If
funds are insufficient, enterprises can apply for loans from
the banks. *e enterprise’s funds come from shareholders’
capital, sales revenue, and bank loans, which can be used to
purchase equipment and raw materials, hire labor, dis-
tributed as profits, and pay taxes. Enterprises with sufficient
funds can expand production, while those with insufficient
funds will reduce or stop production. If many enterprises
lose money for a long time leading to the fact that they will
not run appropriately, the socio-economic system will not
function as usual if this situation does not improve within a
period of time.

*e finance department is responsible for managing
funds and preparing financial statements. *e accounts of
the financial statements in the SED model correspond to the
actual financial statements used in real life.

*e rest of the departments of the enterprise block in
the SED model include marketing, planning, quality
inspection, procurement, warehouse, sales, and new
product development departments, whose functions are
close to reality. *e business properties of each depart-
ment consist of factors such as population, amount of
money, prices, number of equipment, and products’
quantities, which frequently change at different times of a
period.

4.1.2. Resident Block. *e resident block of the SED model
includes subblocks of population, employment, income,
funds allocation, procurement, consumption, and ware-
house. Each subblock is fully functional (see Figure 3).

Each resident block has initialized variables from out-
side, such as population size, population growth rate, ed-
ucation level, professional and technical level, capital
reserve, and so on. At the same time, there are variables from
other blocks, such as employment, wage income, market
merchandise sales, prices, bank balances, bank interests,
stock prices, stock price-earnings ratio, and so on. Each
resident block in the SEDmodel simulates a specific resident
as its object. *e resident object chooses between equity
investments, bank savings, and consumption subject to the
initial value of his property plus subsequent income. *e
purpose of residents’ use of funds is to obtain more capital
income in the later period of time in order to meet their
demand for the utility of means of subsistence and means of
subsistence with higher grades. Note that the enterprises can
produce various products, each of which has 4 grades at any
time. *e product will upgrade with respect to the enter-
prise’s production capacity and market demand changes,
accompanied by the elimination of products of older grades.
*erefore, residents’ consumption and market purchase
plans should be arranged according to the production plans
of the enterprise. *e residents die with age, and after the
residents die, their property will be inherited by the
successors.

Regarding the employment, the residents of the SED
model are equal to the workforce. Each resident block
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Figure 1: National economic simulation system (source: On Wealth I [40]).
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simulates a labor object. A resident’s choice to work depends
on whether his wages can meet the basic living needs or not.
He will opt to work if the wages are sufficient to satisfy the
basic living needs; otherwise, he will stay unemployed. In the
case of multiple jobs, the resident chooses the most re-
warding job. At the same time, the labor force itself is able to
learn labor skills. *erefore, as long as each labor force can
continue to work, his labor ability level will increase, so will
his wages. If residents are unemployed for a long time, the
government will pay out unemployment benefits.

Once residents have decided on the allocation of funds
over the consumption, they begin to spend them in the
market procurement. Given the commodities’ varieties,
quantities, grades, and prices, residents will buy the com-
modities with the highest grade on the premise that they use
up the procurement funds and their demand for utility
quantities is satisfied. Each resident’s purchasing behavior
allows for personal preference. A portion of purchased
commodities is stored in the warehouse in case of short
supply of them in the market sometime in the future.

In the SED model, residents’ statistics constitute the
financial statements, whose accounts align with those in
reality. *e business properties of each resident block in the
SED model are composed of population size, money
amount, prices, equipment’ quantities, and products’
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Figure 2: Overview of the process and structure of enterprise system (source: Guangzhou Milestone Software Co., Ltd., China).
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quantities, which frequently change at different times of a
period. *ese residents’ statistics will be outputted regularly
from the SED model.

4.1.3. Market Block. *e market block of the SED model
includes subblocks of buyer, seller, commodity circulation,
fund flow, commodity prices, and commodity storage. Each
subblock is fully functional (see Figure 4).

*e market block of the SED model has 6 subblocks:
means of subsistence, means of production, raw materials,
labor force, securities, and banks’ deposit and loan markets.
Each market subblock has external inputs such as com-
modity sales capacity, commodity reserve capacity, initial
liquidity, inventories’ varieties, quantities and costs, and so
on. At the same time, there are variables inputted from
other blocks such as commodities’ varieties and quantities,
ex-factory prices, liquidity, and market demands. Each
market block of the SED model simulates a specific
commodity object traded. During the trading process of
that commodity, the price of each commodity is

determined by the commodity price model according to
consumer demands, supply conditions of commodity
markets, production costs, and procurement funds. *en,
each commodity trader exchanges commodities under the
principle of equivalent exchange so that the consumers’
demands are satisfied and the commodities’ grades are
optimized. Obviously, there may be excess commodities in
the commodity trading processes in this case. *erefore,
not all traders can benefit from the commodity trades.
Some commodities’ trading can generate profits, while
others do not.

*ere are multiple commodity market subblocks, which
simulate the commodity trading process by the rules des-
ignated above. By simulating each transaction, the variety,
quantity, grade, and price of commodities traded in each
market at any moment can be known, and then the oper-
ation and profitability of each commodity trader can be
learned. At the same time, the model can also calculate the
variables’ information such as inflation rate, supply, and
demand. All this information becomes the outputs of var-
ious commodity market blocks of the SED model.
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Figure 4: Overview of the process and structure of market system (source: Guangzhou Milestone Software Co., Ltd., China).
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4.1.4. Bank Block. *e bank block of the SED model is a
computer simulation block to simulate various financial
business behaviors of banks and clients in the liquid market.
*e block has savings, credits, funds, finance, and business
decision-making departments. *e functionality of each
department’s simulation block is complete (see Figure 5).

Each bank block has the initialized variables from
outside the model, such as banking capacity, own funds,
technical level, deposit, and loan balances. At the same time,
there are variables from other blocks, such as varieties and
quantities of savings and borrowings in demand, deposits,
loans, and reserve requirements. Each bank block in the SED
model simulates a specific object of commercial banks. Each
bank operates its loan business in the financial market based
on the bank’s own initial funds plus subsequent income, as
well as deposits.*e direct purpose of banks using funds is to
obtain interest income under the premise of ensuring the
safety of funds. However, the deposit and loan business of
banks can improve the utilization rate of funds by making
full use of the idle funds of deposit clients, transferring them

to borrowing clients who need capital to expand their
business, and can indirectly create the value of social wealth
by balancing the monetary value of different commodities in
production and circulation markets.

As for the savings of the financial market, clients of the
bank block are enterprises, residents, securities, government,
and inter-banks. Once a bank has obtained deposit funds, it
can transfer them to another bank or enterprise (the SED
model does not currently have a resident loan subblock).
Banks evaluate the creditworthiness of each enterprise and
make loans after the credit has reached a certain threshold.
*e interest rates on deposits and loans of banks are subject
to the provisions of the central bank. Banks are also required
to pay reserves.

In the SED model, there are financial statements based
on statistics of bank businesses, whose accounts correspond
to those in reality. *e business properties of each bank
block in the SED model are composed of population size,
money amount, commissions, interest rates, equipment
quantities, deposit, and loan balances, which are changeable
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Figure 5: Overview of the process and structure of banking system (source: Guangzhou Milestone Software Co., Ltd., China).
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frequently at different times of a period.*ese bank statistics
of the SED model are outputted from the model regularly.

4.1.5. Securities Block. *e securities block of the SEDmodel
simulates the business process of issuance of shares on the
primary market and stock trading on the secondary market
by securities companies in the capital market. *e securities
block has subblocks of stock issuance, stock trading, client
account management, fund allocation, finance, and man-
agement. Each subblock is fully functional (see Figure 6).

Each securities block has the initialized variables from
outside the model, such as the securities business capability,
own funds, technical level, and market turnover ratio. *ere
are also relevant variables from other blocks, such as the
varieties and quantities of the public offerings and purchased
stocks, as well as the central bank’s policy provisions related
to securities business. Each securities block in the model
simulates a specific object of a securities company. Each
securities company carries out securities business on the
securities stock market by disposing of those funds from the
company’s initial own funds plus subsequent income, as well
as borrowings. *e direct purpose of using funds by secu-
rities companies is to obtain service charges under the
premise of ensuring the stability of the stock market. At the
same time, the securities business of securities companies
can improve the utilization rate of funds by making full use
of the idle funds of clients involved in stock trading so that
funds can flow freely in different capital markets and can
directly create the value of social wealth by balancing the
monetary value of different commodities in production and
circulation markets.

In the primary securities market, the clients of the se-
curities blocks are all enterprises, that is, all enterprises
simulated by the SED model are listed companies. In the
actual simulation process, it is assumed that each enterprise
can be listed through a securities company if it is contin-
uously profitable and meets the listing conditions. After the
enterprise applies for listing, the securities company will
evaluate its listing qualification and arrange for listing only if
it meets the criteria of listing. Once the enterprise has ob-
tained the listing funds, it can use them to expand the
business. After a company goes public, its stock circulates in
the secondary stock market. As a result, residents can set up
stock trading accounts in securities companies and buy and
sell stocks at their own discretion. *e stock price is de-
termined by factors including stock price-earnings ratio and
the investment demand of the residents. *e SED model has
a stock buying and selling submodel, where the rules of
buying and selling are basically in line with the status quo of
the real stock market. At the same time, each listed enter-
prise can issue new shares to expand the scale of production.

*e service fee standards of securities companies shall be
subject to the provisions of the central bank. *e securities
business statistics of the SED model constitute financial
statements, whose accounts correspond to those in reality.

In the SED model, business properties of each securities
block consist of population size, money amount, commis-
sions, equipment quantities, the balance of stock buying and

selling, and so on, which are changeable frequently at dif-
ferent times of a period. *ese securities statistics of the SED
model are outputted from the model regularly.

4.1.6. Government Block. *e government block of the SED
model simulates the process of social and economic
movement managed by the state of an independent economy
through various macroeconomic policies and administrative
means. *e government block has subblocks of public fi-
nance, taxation, central bank, planning, price management,
infrastructure investment, investment in science and tech-
nology, and social welfare. Each subblock is fully functional
(see Figure 7).

*e government block only has one simulation object. In
this block, each department subblock has initialized vari-
ables from the outside of the model such as population,
production capacity, natural resources, capital funds, and so
on. In the meantime, there are variables from other blocks,
such as employment, wage income, merchandise sales in
markets, prices, bank balances of the deposits, interest rates
of banks, stock prices, stock price-earnings ratios, and so on.
*e government chooses among investments, reserves, and
consumptions based on the initial national wealth plus
subsequent national income by administering these mon-
etary funds, production capacity, and natural resources. *e
purpose of government management is to obtain more
wealth value in the later period of time, that is, not only to
meet the residents’ demands for utility quantity but also to
encourage their pursuit of higher utility grades.*erefore, in
the SED model, according to the new theory of value, the
government is not in the mere pursuit of GDP growth or
improvement of other several economic indicators such as
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employment rate but in the pursuit of an improvement in
the total value of social wealth.

*e government manages socio-economic activities,
mainly through macroeconomic policies and corresponding
administrative means. According to the new theory of value,
there are two main types of government macroeconomic
policies: contractionary policy and expansionary policy. *e
SED model establishes an automatic control model for the
government’s macroeconomic management, whose mech-
anisms have been detailed in Section 3. *e automatic
control model adopts contractionary and expansionary
policies to different extents according to the overcapacity
situation of various industries in the model operation. When
the society has an excess production capacity, the govern-
ment adopts contractionary macroregulation policies. When
the society’s production capacity is insufficient, the gov-
ernment adopts expansionary macroregulation policies. *e
government macroregulation policies aim at balancing the
supply and demand for production capacity in all sectors as
much as possible. In order to fully simulate the real socio-

economic movement process, two different control methods
are designed in the simulation operation of the SED model,
either by entering macromanagement policy measures from
the outside of the model or by using the automatic control
model. Note that in the course of specific socio-economic
simulations, under Adam Smith’s well-known assumption
of “improvement of the dexterity of the workman,” it is
always assumed that labor productivity is a strictly mono-
tonically increasing function of time in the social production
process of every product. *erefore, if the products of
various industries cannot be upgraded, then the phenom-
enon of excess production of such products will emerge after
a period of time. *erefore, the government’s macro-
regulation policies should also consider the factors driving
sustainable economic development, encouraging timely
investments in science and technology and promoting new
technologies and products.

In addition, the government has a vital function in socio-
economic management, which is to guarantee the right of
life of every citizen. *e SED model has a dedicated welfare
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block that sends relief to a resident from the government’s
social welfare fund following the relevant provisions when
the resident’s income falls below the poverty line set by the
government. Of course, the government allocates funds to
the social welfare fund appropriately in each period. Other
basic government subblocks include public finance, taxation,
central bank, planning, price management, and infrastruc-
ture investment, all of which operate realistically. Here, it
will not be explained in detail.

In the SED model, there are financial statements based
on government statistics, whose accounts correspond to
those in reality. *e business properties of the government
block include population size, money amount, prices,
equipment quantities, number of services, and so on, which
are changeable frequently at different times of a period.
*ese government statistics of the SED model are outputted
from the model regularly.

4.2. Regional Economic Simulation. Based on the national
economic simulation, regional economic simulation is a
simulator of the national economic system consisting of
the local government system and the local economic
system under the unified management of the central
government (see Figure 8). *ere are subordinate rela-
tionships between local economic regions at different
levels and parallel relationships for regions at the same
level, i.e., relatively independent but economically con-
nected (see Figure 9).

(1) Regional model framework.
(2) Main blocks.

*e primary block function of the regional economy is
similar to that of the national economic system (see Fig-
ure 10), except that local governments do not have the
function block of the central bank.

Under the unified macroregulation policies of the
central government, the local governments manage
according to local conditions. *ere is a correlation be-
tween regional economy and other regional economies and
the national economy. Also, there are more specific
problems, i.e., (1) the static optimal planning of resource
allocation within the regional economic system; (2) the
dynamic optimal planning of resource allocation within the
regional economic system; (3) the interaction between the
developments of various industries and the optimal allo-
cation of resources among industries within the regional
economy; (4) the optimal development of the regional
economy under the interaction between regional economic
development, and the economic developments of other
regions as well as the country; (5) the evaluation of the
effect of local government macroregulation policies on the
internal economic development of the region; (6) the
evaluation of the effect of local government macro-
regulation policies on the economic development of other
regions and the country; (7) the evaluation of the effect of
the central government’s overall macroregulation policies
on regional economic development; and (8) the unified
planning of regional and national economic developments.

4.3. International Economic Simulation. Based on the na-
tional economic simulation, international economic simu-
lation is a parallel simulator of national economic systems
linking all independent countries into one whole through
international trade, international capital, and international
financial markets, while at the same time each country is an
independent economy.

(1) International model framework: the SED interna-
tional model constructs a global economic system,
which can simulate economic performances of
multiple countries in the world, economic dynamics
of international trade, and international finance
between different countries (see Figure 11).
*e basic configuration of the internationalmodel is the
approach of two-country and three-party, that is, to
realize the simulation of the global economic system
composed of two specific countries and the third party,
which is the rest of countries except these two countries.
On this basis, the international model supports
expanding the number of regions up to 200 econ-
omies. *e model can simulate the global economic
system accompanied by the economic simulation of
up to 199 independent countries, together with all
countries except those 199 countries as the third
party in the global economic system.

(2) Main blocks: the core feature of the SED interna-
tional model is the international economic man-
agement block, mainly including international
economic system, international trade management,
foreign exchange management, and international
investment management. It uses modern simulation
technology to simulate the performance of the real
global economy, by constructing international trade,
international capital, and international financial
markets to connect independent countries as a
whole, while at the same time each country is an
independent economy (see Figure 12).

4.3.1. 5e International Economic System. By using specific
parameters and inputting characteristic data, the SED in-
ternational model can simulate the actual economic situa-
tion of different countries, as well as their historical process,
current economic conditions, and future trends in the global
economy in the form of independent countries or economic
unions (for details of the economic operation within an
independent country, refer to Section 4.1).

4.3.2. International Trade Management. International trade
management is divided into two functional modules: (1)
tariff management—the management of import and export
tariffs on different commodities from different countries,
mainly the setting of tariff rates; (2) import and export
commodity management—customs management and re-
strictions of the types and quantities of imported and
exported commodities, mainly the total annual quota and
allocation plan.
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4.3.3. Foreign Exchange Management. Foreign exchange
management simulates the foreign exchange controls and
regulations from relevant departments of each country,
including foreign exchange income and expenditure,
transactions, debits and credits, transfer payments, and
international settlements, as well as controls exchange rates
and foreign exchange markets, which include the setting of
foreign exchange reserves, foreign exchange rates, etc.

4.3.4. International Investment Management.
International investment management refers to the inter-
national economic activities in which international enter-
prises invest their capital abroad to obtain certain economic
benefits. *e model includes the management of foreign

investment in the country and the management of the
overseas direct investment.

5. The Methods, Testing Standards, and Typical
CasesofUsingSEDModel toGenerateChina’s
Economic Digital Twin System

*e steps of using the SED model to produce China’s
economic digital twin system for studying real-world
problems are as follows. Firstly, the model initialization and
parameterization are based on the official data, professional
data, and empirical data (official data refer to the interna-
tional, industrial, and regional data officially released by
international economic organizations, institutions, or
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Figure 8: Regional economy simulation system (source: Guangzhou Milestone Software Co., Ltd., China).
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departments of various countries; professional data refer to
data in the report data of industry associations, industry
research institutes, industry experts, statistics institutions,

and colleges and universities recognized by the society;
empirical data refer to data reference suggestions that are
obtained by authoritative experts in professional fields in
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Figure 10: Structure of government decision support system (source: Guangzhou Milestone Software Co., Ltd., China).
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Figure 11: International economy simulation system (source: Guangzhou Milestone Software Co., Ltd., China).

22 Complexity



various countries through a comprehensive analysis of the
two types of data as mentioned above in accordance with the
law of economy and society) that are authoritative, stable,
and public and on the principle of data disaggregation,
normalization, and value consistency (data disaggregation
principle means that if the simulated objects, such as the
enterprises’ fixed assets and liquidity, have no corresponding
microdata but meso or macrodata, the meso or macrodata
can be disaggregated by the proportions (statistical law)
among enterprises; normalization is the process of con-
verting some of the dimensional data to dimensionless data,
which is convenient for data processing and the acceleration
of model convergence; the principle of value consistency
means that product quantity or price is calculated by the
formula of “price× quantity� total value” given product
price or quantity under the condition that the total value of
the product remains unchanged). Secondly, the model itself
is authenticated, calibrated, and verified to meet the stan-
dards and requirements for simulation, i.e., (1) the simu-
lation accuracy of crucial economic indicators, such as GDP,
unemployment rate, and inflation rate, reaches more than
90% in three consecutive years; (2) macro and microresults
of simulation conform to the empirical law of economics,
such as Phillips curve, Lorenz curve, and Engel curve; (3) the
simulation results are in line with themodel mechanism; and
(4) the simulation results pass the balance sheet test and
monetary base test (balance sheet test means that in each
simulation step of the entire model, assets and debts for each
microagent are kept balanced, i.e., the sum of assets and
debts is equal to zero; monetary base test refers to the test
where in each simulation step of the entire model, the sum of
money owned by eachmicroagent is equal to the total money
stock issued by the central bank). Finally, simulation op-
erations, decision deductions, and result analysis are carried
out following the mechanism and rules. At present, the SED
model has been successfully applied in the simulation
analysis of the international economy, macroeconomy, in-
dustrial economy, and regional economy, which is sufficient
to verify the scientific nature of the modeling mechanism of
the SED model and the feasibility of the SED model in
simulation analysis.

For international economic simulation, the SEDmodel has
been used in a collaborative study based on the SED model to
simulate the Sino-US trade war, by simulating the impact of
import tariffs imposed by China and the United States on their
GDP, respectively, which was carried out by the Central In-
stitute of Economics and Mathematics of the Russian

Academy of Sciences and Wu [33, 41]. On the basis that the
deviation of the simulated macroeconomic variables such as
GDP, unemployment rate, and CPI from the known statistics
did not exceed 3%, the scenarios of raising import tariffs by 5,
10, and 15 percentage points, respectively, between China,
Russia, Europe, and the United States were calculated. *e
results showed that the trade war would lead to a decline in
GDP in China, Russia, Europe, the United States, and the rest
of the world, but the lowest decline in China’s GDP.

For China’s macroeconomic simulation, Wu et al. [47]
used the SED model to carry out the research project,
namely, “Analysis of the Effect of Four-Trillion Fiscal In-
vestment in the Context of Global Financial Crisis 2008 and
the Application of SED Model (see details about macro,
industrial, and regional economic simulation in the policy
reports on the following website: https://www.gzmss.com/
website/).” By keeping the discrepancy between the sim-
ulated GDP and the real statistical data lower than 5% for 3
consecutive years, 2007–2009, and conforming simulation
results to primary economic laws (e.g., Phillips curve and
Engel’s law), the following scenarios were simulated: (1) the
effect of fiscal stimulus policies under the 2008 financial
crisis, (2) the macroeconomic effects of the financial crisis
itself, and (3) the difference of the macroeconomic effects
between the fiscal stimulus policies implemented and the
composite fiscal policies in the globally automatic module
of the SED model. *e simulation results showed that (1)
after 2008 financial crisis, the adoption of expansionary
fiscal policies would inevitably lead to the acceleration of
GDP growth and inflation; (2) financial crisis and the
subsequent macroregulation policies have not only slowed
down China’s economic growth rate but also increased the
inflation rate and Gini coefficient, compared with the
scenario without the 2008 financial crisis; and (3) a simple
loose fiscal policy cannot promote the long-run develop-
ment of the national economy, compared with the com-
posite fiscal policies that can generally balance the revenues
and expenditures.

For China’s industrial economic simulation, Wu et al.
carried out a research project, namely, “Using SED Model to
Analyze the Impact of Strategic Emerging Industries on
China’s GDP.” By keeping the deviation of the GDP simulated
from the actual statistical data lower than 5% for 3 consecutive
years, 2010–2012, the following scenarios were simulated: (1)
under the current tendency whether the development of
emerging industries, their added-value proportion to GDP, in
2014-2015, and (2) different impacts of different government
policies on strategic emerging industries. *e simulation re-
sults were as follows: (1) the development of emerging in-
dustries, their added-value proportion to GDP, would meet
the planned target in 2014-2015 would be 6.7% and 7.2%,
respectively, failing to reach the planned target of 8% by 2015;
(2) appropriate government investments in science and
technology and price subsidies would have a significantly
positive impact on both GDP and strategic emerging
industries.

For the regional economic simulation, Wu et al. carried
out the research project called “Applying Innovative
Technology of SED Model to Establish a Long-Term

International Model

Country 1 Country 2 Other Countries

Industries/Companies
/Residents

Industries/Companies
/Residents

Industries/Companies
/Residents

Figure 12: Framework of international model (source: Guangzhou
Milestone Software Co., Ltd., China).
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Mechanism of Macroeconomic Decision Support System in
Guangdong Province.” Ensuring that the discrepancy be-
tween Guangdong’s primary economic indicators such as
GDP simulated and the statistics of the National Bureau of
Statistics was under 5% for 3 consecutive years, 2010–2012,
and the simulation results of SED were in line with Phillips
law and Engel’s law, an overall economic simulation and
forecast of Guangdong Province in 2013 and 2014 was
conducted. *e results showed that the model made an
accurate prediction of the main economic indicators of
Guangdong, especially its GDP, whose prediction error was
controlled within 2%. Moreover, the global optimization
module of the SED model showed that the overall economy
of Guangdong province still has room for continuous im-
provement. Cooperating with experts and scholars from
Guangdong Key Laboratory of High Performance Com-
puting, Wu et al. are continuing to study the application of
high-performance computing (especially parallel comput-
ing) in regional economic simulation.

6. Conclusion and Prospect

*e method of computer simulation experiment based on
the SED model is a scientific empirical method, which has
the advantages of low cost, low delay, high precision, fine
granularity, strong systematic property, and strong objec-
tivity compared with the mainstream empirical methods.
*e SED model, which can be fully used to form an eco-
nomic engine and construct a virtual economic system by
digital twin method, can be integrated with the extant
physical engine in the metaverse concept to build a virtual
world consisting of physics, economy, culture, and politics
that is close to and coexists with reality. With the devel-
opment of themetaverse, the SEDmodel has been constantly
improving in terms of the theoretical foundation of mod-
eling and computer simulation technology. In the new
theory of value, althoughWu [38, 40] proposed the Riemann
metric space of n-types of commodity values with 2n-di-
mension saddle Riemann manifold as the base manifold, as
well as the corresponding measure of value in the Riemann
metric space, so that economics can measure commodity
value by using time-varying measure of value under the
initial state of the differential equation of each commodity
value, they did not give a dynamic measure of value under
the more general continuous conditions for the field of
complex numbers.*e paper by Chen andWang [49] on the
convergence of high-dimension Kähler–Ricci flow solved
the problem of convergent differential equations based on
the metric tensor, which varies with the time parameter in
the field of complex numbers. *ese latest research results
lay the foundation for the new theory of value to finally solve
the problem of perfect and unified measure of value under
variable labor productivity proposed by David Ricardo [50].
In computer simulation technology, the SED model’s
functions can be upgraded in the following dimensions: (1)
the automatic calibration of model parameters; (2) the
automatic generation system of initial data; (3) the parallel
control system of model simulation; (4) the establishment
and upgrades of case knowledge base for models; and (5) the

economic decision support system based on AlphaGo ar-
tificial intelligence technology.

*e SED model can provide a simulation platform for
research on China’s and global economic development. Note
that in 2021, the National Natural Science Foundation of
China announced a major special research project, namely,
“*e Basic *eories and Empirical Evidences on the Law of
China’s Economic Development,” which is to supplement the
research on this subject since the founding of the People’s
Republic of China in 1949, especially since the reform and
opening-up in 1978. Ten topics were released in the first phase
of the project: (1) the theory of China’s economic growth and
structural transformation; (2) the theory of macroregulations
with Chinese characteristics; (3) China’s financial system’s
reformation and financial security; (4) population andChina’s
economic development; (5) rural reformation, the theory of
poverty reduction and rural revitalization; (6) regional pol-
icies and China’s economic development; (7) the coordinated
development of resources and environment under the target
of “carbon peak and carbon neutral”; (9) international trades,
international investments, and China’s economic develop-
ment; and (10) modeling and simulation of China’s economic
system. *e SED model can deduce, simulate by trials and
errors, and predict the complex and realistic economic system
in the digital virtual world, to reveal the interaction between
different economic agents and its effects, to explain the
phenomenon of China’s economic development and its
evolutionary characteristics, to quantitatively analyze the
influencing mechanism, paths, and duration of economic
policies, as well as the impact of economic policies on social
welfare, and to provide methodologies and toolboxes for
intelligent analysis and evaluation for the formulation and
implementation of future economic policies. *e SED model
can provide an accurate, efficient, and operable intelligent
simulation platform for the research on the first nine topics
mentioned above, relying on the modules of governmental
macroregulations, finance, population, rural areas, industries,
technologies, environment, international trades, and
investments.
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