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Abstract. The universal measure of value has been always controversial in the traditional
theory of value. Analogous to the research method of theoretical mechanics, developed from
the traditional theory of value - labor theory of value, theory of surplus value and utility theory
of value, the new theory of value has established a value complex variable function with labor
value and use value as unknown functions, further in the mathematical logic of Euler equation
and Euler formula, provided a universal measure of commodity value. On this basis, this paper
focuses on the mathematical explicit expressions of value, exchange value, price and market
equilibrium function that satisfy the principle of dimensional homogeneity, and the proof of
the existence and stability of extremum solutions of market price equilibrium function, so
as to help economics become a scientific theoretical system, integral with consistent logic,
formed by qualitative theories, mathematical models, and computer models.
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AnHoTanysa. B TpagMIIMOHHONM TEOPUM CTOMMOCTM BCEr[a BbI3IBAJIO CIIOPbI MOHSITHE YHMU-
BepCaIbHOM Mepbl CTOMMOCTH. ABTOPBI 10 aHAJIOTUY C MeTOAMM MCC/Ie0BaHNS, HallleA MMM
MpMMEHEHMEe B TEOPETUUYECKOI MeXaHMKe, B JoOaB/IeHMe K TPAJAUIIMOHHOM TeOpUM CTOMMOCTH,
MCIIOTb3YIONIEH TaKMe TOJNIOKEeHMSsI, KaK TPYAOBasi TeOPUsl CTOMMOCTU, TEOPUST MPUOaBOYHOI
CTOMMOCTHU U TeOPUSI CTOMMOCTH T10JIE3HOCTH, BBEJM TTOHSTHE HOBOI TE€OPUM CTOUMMOCTHU. B3si-
Ta CUCTEeMa OCHOBHBIX aKCMOM M MaTeMaTUUeCKuUX Mojeseii, mpuueM (QyHKIIUST 3aBUCUMOCTU
CTOMMOCTM BKJIIOYAET TPV OCHOBHbIE HE3aBMUCUMbIe IepeMeHHbIe — KOIMYeCTBO, KaueCTBO U
BpeMSI, — U TIapaMeTPbl — TPYAOBasi CTOMMOCTb, ITOTPEOUTENBCKASI CTOMMOCTD Y MPUGABOYHAS

* Price equilibrium analysis carried out in the article is based on the concept of the New Theory of Value and is
a continuation and development of the research, contained in the article Jie Wu, Zili Wu Value equilibrium analysis based
on the New Theory of Value. I, where the main provisions of the concept were formulated and applied (Russian Journal of
Industrial Economics. 2023;16(2):141-154. https://doi.org/10.17073/2072-1633-2023-2-141-154).
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CTOMMOCTb. B paboTe MCIONMb30BaHbI MaTeMAaTUUECKME PACYeThI C TPUMeHeHeM ypaBHeHMIA
Ditnepa u (GopMysbl dityiepa U MoyuyeHa YHUBEPCaIbHAsl Mepa CTOMMOCTM ToBapa. [Ipu sTom
uccnenoBaHue coKycpoBaHO Ha paBHOBeCUU lieH. B HeM mpuBe/ieHbl MaTeMaTuyecKe Bbl-
pakeHMsT PyHKIMM PABHOBECYS PhIHOUHBIX 1€H, YOBJIETBOPSIOLIVE TPUHIUITY Pa3MePHOI O/ -
HOPOLHOCTU U AOKA3bIBAIOLIVe CYIIeCTBOBAHME YCTONYMBOCTY €€ SKCTpeMalbHbIX 3HaUeHUIA.

KiroueBbie c10Ba: HOBasi TEOPUST CTOMMOCTM, PasMepHasi OMHOPOLHOCTb, CTOMMOCTD, 06-
MEeHHAas CTOMMOCTb, IleHa, GYHKIMST pABHOBECHsI PhIHOYHOI 1I€HbI, CJIOSKHbBIE CUCTEMBbI, UCKYC-
CTBEHHbIIT MHTEJIIEKT

Onsa outupoBanusi: V 13e, V 13puin. AHanu3 paBHOBECHON Li€Hbl, OCHOBaHHbI Ha HO-
BOJl TEOPUM CTOUMOCTU. IKOHOMUKA npombiwneHHocmu. 2023;16(3):312-326. https://doi.
org/10.17073/2072-1633-2023-3-312-326
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1. Introduction

Mature economics must be a systems engineer-
ing, consisting of conceptual models, mathematical
models, and computer models [1]. The conceptual
model solves the theoretical problems of qualitative
analysis, the mathematical model solves the prob-
lems of theoretical logic inference and proof using
the mathematical language with uniqueness, and the
computer model solves the problems of transforming
the theory into technology to replace human physi-
cal and mental labor, including economic decision-
making in complex systems. In the new theory of value
[2], we study the measure of value and homogenized
dimension of commodities, initially to ensure that
the value and price calculations of the mathemati-
cal model are reasonable and correct, and ultimately
is to establish an effective computer model. Without
a scientific theory of value, there cannot be a reaso-
nable computer model in economics, which cannot
become an Al product applicable in complex systems.

For a long time, a universal measure of value
remains unsolved in economics, leading to a fun-

damental drawback of the computer models es-
tablished by various economic schools that cannot
perform accurate value calculations and cannot be
converted into Al products to assist human in deci-
sion-making in complex systems. Specifically, cur-
rent popular economic computer models have the
following shortcomings:

(1) It is impossible to analyze various heteroge-
neous capital goods under the principle of dimen-
sional homogeneity. For example, the production
functions in Econometric Model (EM)/Computa-
ble General Equilibrium (CGE)/Dynamic Stochastic
General Equilibrium (DSGE)/Agent-based Modelling
(ABM) models have only two types of independent
variables, capital and labor, which cannot distin-
guish the difference in value dimensions among
different production factors with different mate-
rial attributes, and cannot analyze the problem of
heterogeneous capital [3] under the principle of di-
mensional homogeneity.

(2) It is unable to establish an effective closed-
loop control system when using complex theory to
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study a unified economic system, resulting in the
divergence of simulation experiments after multi-
ple iterations in the vast majority of ABM models
with heterogeneous agents, so that it is impossible
to simulate the balanced operating state of the eco-
nomic system [4]. Specifically, ABMs for Simulation
of social economy were established from bottom-up,
attempting to simulate the integrated macro and mi-
cro economies. The early representative ABM was an
agent-based simulation model of the U.S. economy
(ASPEN) developed by Sandia National Laboratories
in the 1990s. It was a computer system of rule-based
model from bottom-up. Although this model aban-
doned the rigorous assumptions of neoclassical eco-
nomics on the subject behavior and interaction, it
did not take scientific economic theory as the mode-
ling mechanism, so it failed to build a model that can
simulate the general law of the integrated macro-mi-
cro economic movement. Especially, due to the lack
of a regulation mechanism for global equilibrium, it
always ran to be halted by unexplainable divergence,
and simulation results only reflected tendency and
could not mirror the reality [5]. Earlier in this centu-
ry, it was disappointing for DSGE’s failure in predic-
tion, especially in predicting financial crises [6], so
that many scholars turned to ABM for the develop-
ment of new macroeconomic models. According to
Wang et al. [3], the current medium-sized ABM mac-
roeconomic models can be divided into seven cate-
gories: (a) AGH model [7]; (b) CATS model (Complex
Adaptive Trivial Systems model) [8]; (c) EUBI model
(Eurace@Unibi model) derived from EURACE [9; 10];
(d) EUGE model, which is the frame model of EU-
RACE [11]; () JAMEL model (Java Agent-based Mac-
ro-Economic Laboratory model) [12]; (f) KS model
(“Keynes Meeting Schumpeter” frame) [13]; (g) LAGOM
model [14]. Bounded rationality and endogenous
market disequilibrium rather than perfect rational-
ity and market equilibrium assumed in mainstream
macroeconomics are introduced to establish highly
coupling agent-based models with integrated mac-
ro-micro economies. These models generally adopt
heuristics or rules of thumb based on qualitative op-
timization of behavior, or based on experimental and
empirical evidence [15]. These models are currently
widely applied to analysis of fiscal, monetary, mac-
ro prudential regulation, labor market, and climate
policies [6].

(3) It fails to exchange data under the principle
of dimensional homogeneity between different types
of models established by different economic schools,
and to integrate these models with each other when
studying a universal economic system by classifica-
tion method [4]. For example, various mainstream
macroeconomic theoretical models, such as the

large-scale EM/CGE/DSGE models, have achieved
many theoretical and applied results. These models
formulate simultaneous equations started from the
traditional Keynesian macroeconomic theory, the
neoclassical general equilibrium theory, and the ne-
oclassical and neo-Keynesian macroeconomic theo-
ries, ultimately will be applied to economic structure
analysis, economic forecasting, and policy evaluation
after the estimation and calibration in model parame-
ters [6]. However, the traditional Keynesian theo-
ry lacks micro-agents, and the micro-foundation
of the neoclassical and neo-Keynesian theories are
usually built by homogenous agents. Consequently,
EM/CGE/DSGE models fail to directly describe the
behaviors of heterogeneous micro agents, so that
their simulation results can not match well with
the corresponding micro scenarios. In addition, in
CGE/DSGE models, usually the micro-agents are
assumed to have perfect rationality or rational ex-
pectation, that cannot reflect the bounded ration-
ality or adaptive behaviors of real world agents [16].
Finally, CGE is an equilibrium model, ignoring the
process of dynamic adjustment in disequilibrium.
Although DSGE is an integrated model of equilib-
rium and disequilibrium, the process of disequi-
librium is usually caused by exogenous disturban-
ces, which ignores the inherent instability of the
economic system, e.g. the nonlinear interaction
between economic agents [17].

In summary, due to the above drawbacks,
these popular economic computer models are un-
able to convert into Al products that assist human
in economic decision-making in complex systems.
However, these drawbacks have been remedied by
an ABM model based on the new theory of value -
systems model for simulation of Social Economy
Dynamics (SED model) [4]. Taking the new theory
of value as the modeling basis analogous to New-
tonian mechanics, SED is developed to be a super
large scale agent-based model for global economic
simulation. It is the first ABM model that has solved
value calculation, so as to not only simulate vari-
ous economic events in the integrated macro and
micro economies, but also generate digital twin
systems that highly mirror the real systems of in-
ternational, national and regional economies. The
current SED model allows the Internet access with
a user-friendly interface (https:/www.gzmss.com)
and the high performance parallel computing with
China’s Tianhe-2 supercomputer. In recent years,
the SED model has been applied to simulate the
impact of International incidents such as the Si-
no-US trade war on the global economy, and has
been recognized gradually [18-21]. Later, the SED
model will be integrated with ChatGPT based on
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natural language, becoming a new generation of
complex system Al model based on mathematical
language, capable of assisting human in economic
decision-making.

In the future, the SED model will be developed
into a large Al model for complex systems, where the
key lies in its adoption of the new theory of value as
the modeling mechanism. Specifically, based on the
traditional theory of value — labor theory of value,
theory of surplus-value and utility theory of value,
as well as the hypothesis of Jevons, Tesla and Foley,
in recent years, some Chinese and Russian scholars
have further adopted the mathematical paradigm
of theoretical mechanics for reference to establish
a mathematical model system for economics, which
is called the new theory of value [2]. Further, Wu
and his team explore the universal measure of va-
lue more deeply and systematically, starting from
Marx’s abstract labor time and Sraffa’s standard
commodity, through the mathematical methods -
Euler equation and Euler formula - to define the
measure of commodity value in both dynamic and
static forms. The former is for the value of a com-
modity expressed through the Euler equation, while
the latter is a standard capital formula for the ag-
gregate social products (simple reproduction)
expressed through the Euler equation [22]. The
above theoretical research results have proven the
rationality of both the abstract labor time in
Marxist economics [23; 24] and the standard com-
modity system in post Keynesian economics [25] as
the measures of value, which endow with a rigorous
mathematical form to the universal measure of val-
ue, promoting the development and improvement
of modern economics.

It can be seen that on the basis of above
achievements, we can further study more impor-
tant theoretical problems about value. In this pa-
per, we will focus on market price equilibrium by
giving the mathematical explicit expressions of
price equilibrium function under satisfactions of
Marx’s first and second laws, and proving the exis-
tence and stability of its extremum solutions, based
on the strict mathematical definitions and expres-
sions with homogeneous dimensions provided for
economic concepts including the value, unit value,
exchange value, and price of commodities, and the
analysis on how the market supply and demand
maintain a balance by a mandatory approach of
profit maximization under the spontaneous mar-
ket adjustment mechanism that the market price of
commodities deviates from the value. Obviously, if
we can comprehensively and deeply understand the
above theoretical conclusions, it will be beneficial
for us to create economic Al models.

2. Basic economic concepts
with dimensional homogeneity

If each commodity is given certain dimension
of value under the principle of dimensional homo-
geneity and exchanged equivalently in the actual
commodity market, then the value and price of each
commodity can be accurately measured under com-
plex conditions. In this regard, we will specifically
analyze various economic concepts with this dimen-
sional homogeneity.

2.1. Basic properties of commodity
value dimension

It is known that the value of commodities is
a complex variable function based on second-or-
der homogeneous equation, if it is also holomor-
phic and harmonic, then it satisfies the maximum
theorem, intermediate value theorem and Liouville
theorem [22]. On this basis, we can further discuss
the theoretical problem related to dimensional ho-
mogeneity of commodity value, that is, how to ex-
change commodities of different physical properties
equivalently in the market under the principle of di-
mensional homogeneity. Obviously, it first needs to
determine the property that the dimension of each
commodity can be expressed as constants.

Liouville Lemma (Integral function/entire
function) refers to a function that is analytical
everywhere on the entire complex plane. If the en-
tire function f(z) is bounded on the entire plane, that
is, if it satisfies the inequality |f(z)| € M for all z, then
f(z) must be a constant.

Corollary 2.1. If the complex variable func-
tion of commodity value is an entire function
f(z) = u(b, m) + iv(b, m) and there is a real number M,
v > M, such that z € C, then f(z) is a constant.

Proof: - f(z) is an entire function,

- if(z) = iu(b, m) — v(b, m) is also entire. If
F(z) = ", then F(z) is also entire.

And " |F(z)| = e < e, from Liouville theorem,
F(z) is a constant.

. f(z) is also a constant.

Economic meaning: If the value of commo-
dities is a constant, that is, the circulation motion
of capital is a simple reproduction process, then
the commodity value function will be a constant. In
other words, in a stable socio-economic system based
on simple reproductions, the commodity value func-
tion can be abstracted as a value complex variable
function, of which the extremum solution satisfies
Liouville lemma. Therefore, common commodities
will be endowed with certain units of measurement
established due to economic systems or accepted
due to customs, such as cloth in feet or meters, grain
in kilograms, and gold in grams.

315



JKOHOMHKA NPOMbILIAEHHOCTH. 2023;16(3):312-326

Li3e Y, Li3bian Y. AHaAM3 paBHOBECHOM LieHbl, 0CHOBAHHbIA Ha HOBOH TEOPHH CTOUMOCTH

2.2. Value of a commodity
with dimensional homogeneity

According to the new theory of value [2], the
value of commodities is determined by the force of
labor, which is a vector, so that the forces of labor
spent for producing values of different commodi-
ties cannot be compared with each other in amount.
Therefore, it is necessary to convert the force of labor
into the amount of value in the form of energy. For
example, commodities can be compared in amount
by value, that is by comparing the displacements
of the quantity and quality of products in the com-
modity vector space during the production process,
i.e., the vector modulus of the force of labor [26], or
the work done by the force of labor, i.e., the kinetic
energies of value [2]. Obviously, for any commodi-
ties, only the measure of value is transformed into
a scalar from the vector of the force of labor can it
be endowed with dimensional homogeneity. To sim-
plify the discussion below, we assume that the step
for universal measure of value has been done, that is,
with dimensional homogeneity the amount of value
embodied in each commodity has been known. Then,
the problem left to be discussed is only how to com-
pare and commensurate the values of different com-
modities by the universal measure of value.

To be specific, if the value of commodities is
a complex variable function based on Euler’s equa-
tion, also satisfies Liouville theorem, then its solu-
tions, including general and characteristic, will be
the solutions to a constant coefficient second-order
ordinary differential equation. In this case, all com-
modities should follow the principle of dimensional
homogeneity, that is, the quality and quantity stan-
dards of all commodities will have homogeneous
dimensions, which ensures equivalent exchanges
among commodities.

Definition 2.2.1. For a commodity, let t be the
time related to the commodity production, m be the
quality standard, k be the unit of measurement, [ be
the consumer population, and f, be the value func-
tion for the force of labor related to quantity (here-
after the quantity-value function). When the quality,
unit of measurement and the consumer population
for the commodity are constants, the labor value
function can be expressed as

d*b Tk db
bder P dt

If the quantity of the commodity is constant
while the quality is variable, then the labor value
function will be expressed as

dm dm

= =b —+k —+1 2.
Wm fm(m) mdt + mdt+mm’ (221b)

w, =f,(by=m +1,b.  (2.2.1a)

where b is the quantity standard, k_is the unit of
measurement for commodity quality, [ is the con-
sumer population, and f,_is the value function for the
force of labor related to quality (hereafter the quali-
ty-value function).

Then, according to the new theory of value, the
value function of any commodity is a second-order
homogeneous linear equation. [22] Also, such Eu-
ler equation mathematically can be transformed
into homogeneous linear differential equation with
constant coefficients through variable substitution,
so the general solution can be obtained by solving
characteristic equation, and then the characteris-
tic solution by substituting the variables into the
original Euler equation. For example, in the value
Euler equation with quality as a constant, there are
three solutions:

(1) real root m, # m,, with two linear indepen-
dent characteristic solutions b, = e™* and b, = e™,
and general solution b = C,,e™* + C,,e™;

(2) real root m =m, with characteristic
solution b, =em‘=b,=e™ , and general solution
b=(C, +C,tem;

(3) a pair of conjugate complex roots m,,,
m,=a,+ip, and m,=o, —if,, from Euler formu-
la e=(cost+isint) and the theorem when t=r,
e+ 1 =0, then we have the characteristic solutions
b, =e»'cosB,t and b,=e*'sinf,t, and the general
solution b = e**(C,,cos B,t + C,,sin p,t).

Therefore, in the value Euler equation that ei-
ther quality or quantity is a constant, we can use the
general solution to determine the unified dimension,
or unified value metric, of a commodity in a simple
circular process. Here, the so-called simple cycle re-
fers to the realization of the value of the same com-
modity in the cycle process of production and con-
sumption, including the labor value and use value of
the commodity.

To be specific, if there are n commodities,
o =1, 2,...,n, where the homogeneous dimension of
value of any o™ commodity can be converted from
(2.2.1a) and (2.2.1b) into the relation of supply-de-
mand balance as below!:

d*b db .
b?—i_kba-'—lbb =0

d*b db .
me*_kbE:lbb

db .
= myk, {(1 + dfb)E} =Lb,

= (2.2.2)

! According to (2.1.1a), (2.1.1b) and (2.2.1) in Value
Equilibrium Analysis based on the New Theory of Value by
Wu & Wu [22].
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which is the differential equation of value of the o't
commodity with a constant quality that achieves
a supply-demand balance, that is, (2.2.2) indi-
cates the value differential equation that satisfies
the constraint that the total quantity per unit time
is equal to the amount of rational demand for the
commodity?. Here, the coefficients in (2.2.2) show
value dimensions of certain quantitative units based
on standard quality, where m, is the qualitative di-
mension of commodity value, namely the amount of
value of one commodity - rice — with quality level of
A; k, is the quantitative dimension, namely one kilo-
gram rice; and [, is the dimension of market demand
for the commodity, namely the amount of rice that
satisfies 10,0000 consumers for one year.

At the same time, let the product quality in the
process of social economic movement be m =m*,
which means the commodity quality is equal to the
amount of rational demand?, the labor value func-
tion of the Euler value differential equation can be
expressed as the imaginary part of the value complex
variable function, that is
. d’m dm

ib,, +k,—+1 m=0
dt* dt

(2.2.3)
. d*m dm

ib —+k —=- m
=g gy T

. dm
bk |Q+df )— |=-1 m".
:zmm{(+ f'")dt} m

which is the differential equation of value of the a'
commodity with a constant quality that achieves
a supply-demand balance, that is, (2.2.3) indicates
the value differential equation that satisfies the con-
straint that the total quality per unit time is equal to
the amount of rational demand for the commodity.
Here, the coefficients in (2.2.3) show value dimen-
sions of certain qualitative units based on standard
quantity, where b, is the quantitative dimension of
commodity value, namely the amount of unit va-
lue of one commodity — gasoline — with quantitative
standard of 10,000 barrels; k, is the qualitative di-
mension, namely 95#gasoline; and I, is the dimen-
sion of market demand for the commodity, namely

2 The balance between supply and demand is
a necessary condition for determining the value of any
commodity, according to Marx’s first law.

3 This is a specific manifestation of human demand,
that is, assuming that the quantity of products is constant,
what quality of products do people need to satisfy their
needs. The specific manifestation of this demand is
effective when there is a continuous conversion function
between product quality and quantity. For example, a man
needs to drive for a distance of 1000 kilometers, given the
volume of gasoline, there is a certain quality standard for
the purity of gasoline — the percentage of octane content.

the amount of gasoline that satisfies 10,0000 con-
sumers for one year.

Obviously, the value of any commodity is un-
certain until it has the dimension In other words,
with dimensions, the value of commodities can be
uniquely determined, that is, the quantity, quality
and value of products that satisfy the supply-demand
balance in any economic system from the base year
and every subsequent year can be all calculated. For
example, in an economic system, when it is a process
of simple reproduction, the sum of the labor value
of social products created during production and the
use value realized during consumption is equal to
zero. Mathematically from Euler equation, there are
always the characteristic and general solutions to
the value Euler equation of any commodity. There-
fore, in simple circulation of economic movements,
the homogeneous dimension of commodity value
can always be determined appropriately due to the
stability of economy.

Definition 2.2.2. Let there be n commodities,
w =(w,,w, )eW’ be the vector of force of la-
bor for the o™ commodity, o =1, 2, ..., n, where w,
is the value related to quantity, w,, is the value re-
lated to quality. Then, from (2.2.1a) and (2.2.1b), in
the vector space of value of the o™ commodity, with
the amount of value of w,=(w,, ,w, )eW’=R?
then the relationship between the value and the
acceleration of quantity and quality of the com-
modity will be

d*b
w,, = [ (b)=m, i
and (2.2.4)
d*m
WZa = f2a (m) = bm F)

where w is the scalar of value, f, is the force of labor
function related to quantity, f, is the force of labor
function related to quality, m, is the quantitative co-
efficient (scalar) of the quality acceleration, and b,,
is the qualitative coefficient (scalar) of the quantity
acceleration®.

To be specific, given the dimension of force of
labor of commodities is [MLT?] [2], let there be n
commodities, f, =(f,,,f,,) € F’ be the commodities

* Note that for the same commodity, m, = b, means
the quantity b in the production process equal to the
quantitative coefficient mb of the quality acceleration;
meanwhile, b,, = m, means the quality m in the production
process equal to the quantitative acceleration b,, [2]. This
requires strict conditions, mainly that a dimensional
system of commodity value that meets the principle of
dimensional homogeneity in commodity activities has
been gradually established.
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of subscripted divisions 1 and 2 (vectors of quantity
and quality) belonging to the a'h commodity of n di-
mensions,o=1,2,...,n.Then,letb =x, andm_ =x,,
for the o commodity, the units of measurement for
both quantity and quality are dimensions of energy
yet dimensionless. However, for the same commo-
dity, the units of measurement for unit quantity and
unit quality are different. For example, rice can be
represented by quantity in volume and by quality in
weight, according to the principle of dimensional
homogeneity for commodity value, we need to pro-
vide a conversion coefficient for the equivalent value
of quantity in volume and quality in weight of rice.
That is to say, it needs to homogenize the dimen-
sional units of force of labor per unit quantity and
that per unit quality of the same commodity. In the
case of dimensionless, the conversion coefficient
will be

[MLT ], [MLT ],

=V
(X145%34)°

which means that for the same commodity, the di-
mensional units of value per unit quantity and
that per unit quality are homogenized®. Then, let
Vi, = v the sum of forces of labor related to quan-
tity and quality of any a® commodity can be ex-
pressed as

d’x,, . d’x,,

dtz ma. dtZ

Where f, is the vector of force of labor of the
o™ commodity. Obviously, through the above con-
version, the vectors of forces of labor related to
commodity quantity and quality are converted
into those with equivalent units of measurement.
In this case, the vector of force of labor spent for
producing any commodity can serve as a homoge-
nized measure of value.

Accordingly, dimensional analysis differs in
theoretical forms for the needs of economic re-
search, so as to make values in different dimensions
satisfy the principle of dimensional homogene-
ity. To be specific, for value appreciation in com-
modity production, values in different commodity
forms will be converted into the Lagrange func-
tions of kinetic energy and potential energy [2];

f(xzfia-i_fZaV:mba A

* In daily life, when we calculate the value of rice,
both volume (bucket) and weight (kg) can be used as the
material undertaker to measure the value of rice. Then, it
is necessary to define the conversion coefficient between
the volume (bucket) and weight (kg) for the same amount
of value of rice under the principle of Dimensional
Homogeneity. In this regard, for the dimension analysis
on the value related to quantity and quality of the same
commodity, it should follow the same logic.

for the measurement of commodity value in the
form of statics, it will introduce the dimensionless
method to establish an Euclidean metric space of
commodity value and calculate the value of com-
modities through the scalar product [26]; for the
measurement of commodity value in the form of
dynamics, it will introduce the dimensionless pro-
cessing method to establish a Riemannian metric
space of commodity value and calculate the value
of commodities through the scalar product in the
tangent vector space on the base manifold of com-
modity value [27]; Finally, in a more general case,
at a certain moment in the market circulation, the
value of various commodities with certain material
properties has been determined [22], so that under
the principle of dimensional homogeneity, by di-
mensional analysis, the values of commodities can
be calculated strictly and accurately.

2.3. Unit value of n commodities
with dimensional homogeneity

The unit value of a commodity with dimensio-
nal homogeneity refers to the value embodied in the
commodity that satisfies the value Euler equation [2]
and the principle of dimensional homogeneity pro-
duced in a certain period of production, divided by
its quantity and quality. For n commodities, the unit
value can be defined as follows:

Definition 2.3.1. The value of a commodity can
be expressed by the force of labor spent for produc-
tion (labor value) and the force of labor compensated
by consumption (use value). Thus there is:

2 6
Wa = (Wla’w2u) :(flaxlui f2ax2a) € Wa ’

which is the vector of value of the o™ commodi-
ty, a=1, 2, ..., n, where w,_ is the commodity value
related to quantity, and w,, is the commodity value
related to quality.

Here, commodity value has the dimension of
energy [L?MT-?]. Although the value of any com-
modity has dimensionless units of measurement,
no matter in the form of either quantity or quality,
it should endow with a homogenized unit of meas-
urement for the same commodity with the dimen-
sion of energy under dimensional homogeneity.
Then for the o™ commodity, let the derived dimen-
sion from the dimensions of energy related to
quantity and quality be

¢ It means that the value of commodities is equal to
w,, in Definition 2.3.2, based on the axiom that the value of
commodities depends on the force of labor.
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[L'MT?], [LMPT 2L =[LM 7], (2.3.1)

and [LM](’XI1 x,,) =0 the sum of values related to quan-
tity and quality of the o commodity can be ex-
pressed as

Wu = Wla. + WZOLT = flaxlu + ontXZat’

X90)?

(2.3.2)

which is the value of the o commodity in the scalar
form. Note that (2.3.1) and (2.3.2) have dimensional
homogeneity, that is, since I!MT2xLM" =LM*T?,
the dimension of f, x,, is [L'MT™] , which is con-
sistent with that of f, x, T. "

Definition 2.3.2. Let w, be the unit value of the
o' commodity, then

W, =W, t Wy T,

(2.3.3)

where w, is the unit value related to quantity, w,,
is the unit value related to quality. From (2.3.2) and
(2.3.3), w,, and w,_ can be expressed as

i flaxloc w oncXZu W2a

W == « ==,

la —
—e and w
Y 2 X pY

X

2a 20

Here (2.3.3) shows that the unit value of the ot
commodity is actually the work done by the force of
labor for producing one unit quantity of the com-
modity, which can be converted from the work done
by the force of labor for producing one unit quali-
ty” of the commodity through dimensionless coeffi-
cient. In this case, the dimensions of unit value of
commodities still satisfy the principle of dimension-
al homogeneity for considering both quantity and
quality at the same time.

la la

2.4. Exchange value of commodities
with dimensional homogeneity

In real life, the exchange of commodities is
usually expressed by comparing the unit values
of different commodities. For example, generally
a gram of gold equals 50 kilograms of rice. There-
fore, to study the commodity value in the process
of market exchange, the exchange value will be the
pivot, including the special and general equiva-
lent forms of value. Obviously, on the premise that

7 It is conventional that different commodities are
expressed in different forms of unit quantity and unit
quality at different times in different places. [23] The special
forms of quantity and quality of various commodities are
accidental, which yet do not deny their homogeneous
attribute of being labor products. Therefore, a system of
commensurable dimensions [2] can be established, where
the unit quantity and unit quality of any commodity
with different physical attributes can be compared and
commensurated in the value category as the amount
of products with standard quality through conversion
coefficient.

a certain commodity and any other commodities
have the special equivalent form of value, all the
special equivalent forms of value can aggregate the
general equivalent form of value. [23] Therefore, in
the general equivalent form of value, the exchange
value of commodities refers to the ratio of the unit
value of any commodity to the total value of all
commodities in the whole society.

Definition 2.4.1. Let N={a|a=1, 2, ..., n},
M={ili=1,2,...,n+ 1}, N c M, then the exchange
value A, of the a™ commodity can be expressed as
follows:

=

oL —
n+l - 7\‘(1'
XWX, W, T

(2.4.1)

i=1

Obviously, in (2.4.1), although with the same
dimension of energy, there are still two differ-
ent dimensional units of value, quantitative and
qualitative, which will be homogenized by con-
verting the derived dimension [LM](’X‘WXZa)ﬂ into
the dimensional unit of quantity regarding the
quality as a constant. For example, the commo-
dities that meet the quality standards for trading
in the market®.

Therefore, for any o commodity, with the qual-
ity standard denoted as a constant of 1°, then the
dimensional conversion coefficient of unit value be-
tween the quantity of the o commodity and that of
(o + D)™ commodity is

[MT?], [LMPTPL) [LM],
[LMT?] [LMCTLL (LML 042

=g .
(X1 %20 )> (Kigii sXagi )y 0% 1)

which is a dimensionless quantity. Let ¢ =
= (X1 X50)> Ky 15 Xpy, ), then g represents the con-
version coefficient between the dimensional units
of the quality of the o commodity and that of any
(o + i)™ commodity.

8 In civilized countries, this quality assurance is
guaranteed by laws and regulations. In other words,
the principle of dimensional homogeneity is often un-
consciously established on the basis of human rational
behaviors in the process of daily commodity exchange in
the market.

° For example, taking 1g pure gold as the commodity
with standard quality of 1, if the conversion coefficient of
any commodity is 0.5, then the value of this commodity
will be half of the value of 1g pure gold; if the value of
a commodity is 300 times of the value of 1g pure gold, then
its the conversion coefficient is 300, etc.
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Therefore, when the quality standard is a con-
stant of 1, the exchange value of the unit quantity of
the o™ commodity can be expressed as:

w. A
n+1 e :7\‘1(1’ (243)
Z x,wt(1+ €yc)
i=l,i#a

which is the ratio of the value w,, of the unit quan-
tity of the o™ commodity to the total value of all
n+1 commodities, where the (n+ 1)® commo-
dity refers to precious metal money as a measure
of value!®.

2.5. Commodity price
with dimensional homogeneity

The equilibrium price of a commodity re-
fers to the product of its exchange value and the
money supply!! in a supply-demand balance,
while the market price is the one when the mar-
ket supply and demand are unbalanced [26].
When the quality is a constant, the joint function
of equilibrium price and market price (hereaf-
ter as price) of the a™ commodity can be defined
as follows:

Definition 2.5.1. According to Axiom 5
in the new theory of value [2], if the quality of
any commodity is a constant, then the ration-
al demand for this commodity will always has
an upper boundary point, beyond which the ex-
tra supply will have no value, while the mar-
ket price will rise in short supply [26]. There-
fore, for the a™ commodity with standard
quality 1, let p_ be the price of the o™ commodity'?,

10 Generally speaking, this is so-called Marx’s
mathematical expression of commodity value with precious
metal - gold — as the general equivalent form of value.

1 In this paper, the functional relationship between
money and value of commodities is assumed to be linear,
under the premise of free flow of money within a closed
economic system, where people’s instinct of pursuing value
maximization attracts money flow towards the commodity
market with high purchasing power. Although changes
in labor productivity always lead to changes in the unit
value of different commodities, the spontaneous flow of
money will quickly adjust the purchasing power of various
commodity markets tend to be equilibrium.

12 Here, the unit value of each commodity can be
expressed as a certain price by being converted into the
unit quantity of a commodity with a standard quality of 1,
such as one gram of pure gold. Therefore, (2.5.1) shows the
mathematical economic logic of Ricardo's quantity theory
of money that between the value of commodities per unit
quantity and the amount of money in circulation, there is
a positive ratio, that is the price of commodities.

H be the set of money, h € H be the money supply?3,
then its price will be

w.

Wy *
e oW b,h 3 brh .

ba T on+#l _ ba - bOL ’ ba # ba

b, = Z XiWy;
i=Lizo

e —h=1h, b,=b,,
2 %y (2.5.1)

where w, b, h are the independent variables of the
commodity price function, 0 < b, < +«, and the ra-
tional demand b is a constant coefficient.

The function indicates that, given the amounts
of rational demand for various quality stan-
dards, the commodity price depends on three in-
dependent variables - unit value, production
quantity and money supply by the following three
properties:

(1) The price of every commodity is a piece-
wise function', which is equals to the ratio of its
exchange value to the money supply in the balance
of supply and demand, tends to zero as the supply
tends towards infinity in oversupply, and tends to
infinity as the supply tends towards zero in short
supply.

(2) The price is in positive ratio to the money
supply in the balance of supply and demand, while

3 The money discussed here is the one in an ideal
state. That is to say, as value symbol, when it is precious
metal money, the ratio of its value to the commodity
value is the price; when it is a simple paper money, it
brings a linear mapping between the value and price of
the commodity, like mirror imaging, where the value is
the original image, money is the mirror, and the price is
the mirror image. In order to simplify the discussion, the
velocity of money circulation is assumed to be constant.
Therefore, the money supply here is a scalar. Clearly,
the price formula for precious metal money also applies
to paper money. Different from precious metal money,
paper money is only a value symbol, without any value.
Therefore, changes in the supply of paper money will
lead to inflation or deflation, and change the distribution
ratio of social wealth, which is more complicated, left for
further discussion.

4 Obviously, this conclusion has similarity with the
law of diminishing marginal utility, yet differently, for the
new theory of value, the diminishing marginal utility is
just a phenomenon due to the market price deviating from
the value of commodities particularly under oversupply,
which happens to bring about overcapacity and overstock
of commodities in the market. Nevertheless, marginalism
regards the diminishing marginal utility as a basic axiom
that as long as prices can be spontaneously adjusted, the
market will never experience overproduction.

320



Russian Journal of Industrial Economics. 2023;16(3):312-326

Wu J., Wu Z. Price equilibrium analysis based on the new theory of value

depends on the diminishing unit value and the
money supply together in unbalanced supply and
demand.

(3) The price is a convex function, where there
must be a fixed point of equilibrium price [26].

3. Price equilibrium of commaodities

After the discussion on value equilibrium of
commodities, we further study the balance of mar-
ket supply-demand for various commodities realized
through the spontaneous regulation mechanism of
price (hereafter price equilibrium). In this paper,
price equilibrium refers to how to maximize of the
commodity value and at the same time maintain
the market balance between supply and demand by
adjusting the quantity of each product under the
market price mechanism in commodity exchange,
given the rational demand for each product and all
commodities circulating in the market satisfying
the provisions of value equilibrium in a process of
production and circulation of various commodities?
Here, it is assumed that the value and price of any
commodity discussed below has completed the di-
mensional analysis and established homogeneous
dimensions, that is, satisfying the value and price of
commodities defined in (2.5.1).

3.1. Stability of mapping and zero solution
to equations of commodity price

First, we examine the mathematical definition
of economic concepts related to the stability of mar-
ket price of n commodities. In order to simplify the
discussion, we focus on the price of commodities
with constant quality and the equilibrium price on
the hyperplane of commodity price.

Definition 3.1.1. If the quality of commodities
is constant quantity, and the price of commodi-
ties is the product of the exchange value of com-
modity per unit quantity and the money supply,
let B"xH +— P" be the mapping of hyperplane of
n + 1-dimensional vector space of commodity and
money with homogenized value dimension, where
b=@®,b,...,b,) € B is the vector in the vector
space of commodity quantity with homogenized di-
mension, h € H is the money supply expressed by
one-dimensional real numbers, given the unit value
of each commodity w=(w,, W,, ..., w ), the rational
demand b” = (b;, b, ..., b;) and the money supply H,
then the mapping of commodity price will be ex-
pressed as

p:B"xH~ P"

(bla bza ) bn’ h)H(Pp pz’ Y pn)’

where P"is called the n-dimensional Euclidean space
of commodity price with constant quality, and p(b, h)
is the mapping of commodity price, that is

p(b7 h):(pl(b)r pz(b)7 ) pn(b))

- Wl %h’ 'Ifllx)2 b_;h’ > n W" b_:h
biw, ™t Y bw, b,w, ™
a=1 a=1 a=1
= (7\'1’ }‘*2’ ) 7“”)

=\
In particular, under the condition of supply-de-
mand balance, b, =b], let x, =b], the mapping of
commodity equilibrium price is expressed as

p"(b)=(p;(b),p,(D),---p,(D))

=| = w, Zh, - w, ﬂh,.. ,— W, Eh
a=1 a=1 a=1
:pw’

which is the equilibrium price of commodities.

Definition 3.1.2. The function of commodi-
ty price difference refers to the difference between
the market price and the equilibrium price (3.1.1) of
commodities, that is

Apa :pa(b)_p;(b)’ a = 1; 2; P (A
then Vp(b)eU < P", U is a bounded closed set, let
y=bw, +bw, +---b,w , if it satisfies the differential
equation of commodity price difference

dAp, _dp, _dp, =0, a=12..,n-1 (3.1.2)
d  dt dt
then
dp. df_ b _ b
o - = h = — h’ :1, 2, ceey )
dt dt[wabay] e Y "

dp. d|_ -b _ b
&= _—|Ww —%yh|=w —%yh, a=1,2,..,n,
db db( "X yJ e

-w b’ -w b’ .
Let[ b‘; - yhj—( X‘; - yhj=0, max x,=b =b,
here Uis a bounded closed set in the Euclidean space
of commodity price corresponding to n-dimensio-
nal commodity quantity under equivalent exchange.
Then, the differential equation of commodity
price defined in the bounded closed set U is called
the equation of commodity equivalent exchange
satisfying the constraints of exchange value.

o

o
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Definition 3.1.3. Let U be a bounded closed
set in the Euclidean space of commodity price cor-
responding to n-dimensional commodity quantity
satisfying equivalent exchange, if the value function
of any a" commodity in (3.1.2) has the properties of
differential equation of value equilibrium, that is the
differential equation (3.1.2) with implicit solution
(3.1.3), then Vp(b) e U — P, there is

p, d d w b
“=—00,)=—| 77+ |=0
dt dt dt i W b,
a=1
dw, d
it —dt(W(fm,fz(,))
d (3.1.3)
== (M £ =N f.)5,)
ow ow
:_d1&+_d a2
o7, o,
=0,

a=12 ..,n

which is called the n-dimensional differential equa-
tion of commodity price corresponding to quantity
satisfying the constraints of exchange value.

Definition 3.1.4. Let Vp(b) be a differential
equation of n-dimensional commodity price defined
on U and satisfying (3.1.3), if p(b) is also the one with
global stability, then p(b) is a differential equation
of n-dimensional commodity price satisfying the law
of exchange value. In particular, if p(b) defined on U
satisfies (3.1.3) and global stability, then U is the re-
gion where the law of exchange value is valid.

Here, we define the differential equation with
global stability as below: for the vector differential
equation p(b) of any o' commodity price,a = 1, 2, ..., n,
given ¢ > 0, there is & > 0 (generally related to e and ¢,
when any b, satisfies ||b || < §, the solution b(t) deter-
mined by the initial value condition b_(t,) = b, of the
equations (3.1.3), for all t > ¢, there always be

Ibc)| <,

then the zero solution ||b | =0 to (3.1.3) is stable,
where ||b|| is the scalar product of commodity value.
If the zero solution b, =0 to (3.1.3) is stable, and
there is §,> 0, so that when ||b|| < 3,, the solution b,
satisfying the initial value condition b (t) = b , will be

}iﬁb(t)zo’ a=1,2,..n, (3.1.4)

then the zero solution b, = 0 is asymptotically sta-
ble. Therefore, if the vector ordinary differential
equation b(t) of commodity unit value defined in U
satisfies the conditions (3.1.3) and (3.1.4), then U is
the region where the law of exchange value is valid.

3.2. Law of exchange value'®

The law of exchange value refers to the eco-
nomic logic relationship satisfying the conditions
of (3.1.3) and (3.1.4). Specifically, in the real com-
modity economy system, the law of exchange value
is represented through the instinctive and spontane-
ous economic behaviors by a large population of in-
dividuals with intelligence and subjective initiative
in the process of market transactions, which can be
illustrated as below:

In a certain industry, a certain kinds of pro-
ducts are spontaneously produced with certain
quality assumed as constant, the unit value w, and
the rational demand b, of the product are known,
while whether the total production quantity aggre-
gated by various producers in the industry is con-
sistent with the rational demand is unknown until
a certain period of production completes. That is, if
all producers are seeking to maximize the value of
individual wealth, according to the formula of com-
modity price, it is necessary to minimize the value
difference Aw, of the a™ product, mathematically
expressed as follows:

Awoc = W(pu) = bap(x _bap:c’ (3'2'1)

which indicates that the value difference Aw_ of the
oM product depends on the product of the market
price and the actual production quantity minus
the product of the equilibrium price and the actual
production quantity, where b p_ is the product of
the actual market price and the actual production
quantity of the commodity, b p; is the product of
the equilibrium price and the actual production
quantity.

Obviously, in order to make the production
plan, each producer should know the actual market
demand quantity D =b, —b]. After countless trials
and errors, the vast majority of producers in a ma-
ture market have recognized the law of value, that
is, to expand production if making profits, and to
reduce production if losing money, so that the ac-
tual production quantity will close to the rational
demand quantity. Therefore, the actual market de-
mand quantity D is a function of the real price p_ of
commodities,

5 It is actually a strict mathematical expression of
Smith’s “invisible hand” [28] and Marx’s “law of value”
[25]. According to Smith [28], “by directing that industry in
such a manner as its produce may be of the greatest value,
he intends only his own gain, and he is in this, as in many
other cases, led by an invisible hand to promote an end which
was no part of his intention. Nor is it always the worse for the
society that it was no part of it. By pursuing his own interest he
frequently promotes that of the society more effectually than
when he really intends to promote it”.
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D, =D(p,). (3.2.2)

Clearly, the supply quantity Q, in the market
should be equal to the actual demand quantity D,
that is

=D(p,), (3.2.3)
then, substitute (3.2.2) and (3.2.3) into (3.2.1), and get

Aw, =w(p,)=p,D(p,)-p,D(D,)-

According to the extremum solution theory of
calculus, the market price p can be obtained from the
following equation when the price difference Aw is
minimum

(3.2.4)

dw(p,) _
dp,

In real economic management activities, if pro-
ducers want to achieve the maximum value, they
must “know themselves and know their opponents”.
However, the real market economy is a spontane-
ous production process, where most producers only
“know themselves”, but know few about their op-
ponents. In this case, can they find an effective way
to realize the market price when the value is maxi-
mum? The answer is YES. Now we analyze this pro-
duction strategy.

Assuming that every producer pursues value
maximization, the market regulation mechanism
will force every producer to obey the law of va-
lue: producing the same quantity will reduce the
revenue or even suffer a loss in oversupply, and
obtain excess value in short supply. Therefore,
in the process of commodity production, in or-
der to pursue profit maximization, the production
quantity should be reduced in oversupply, and in-
creased in short supply. Then, the supply and de-
mand of every commodity will return to balance.
That is, under the law of value, the market regu-
lation mechanism roughly can be divided into four
situations:

(1) To increase the price if both the price and the
revenue increase.

Supposing at the t-th period, p (t) is the price
of a product with a revenue w,(t). After a cer-
tain period At, the price of the product changes to
p(t+ At), and the revenue changes to w (f + At). In
this case, the price increases, p (t+At) - p (t) >0,
the revenue also increases, w (t+At) - w,(t) > 0.
Then continue to increase the price at one more
period At, p (t+ 2At) > p (t+At), if the change in
price per unit time [p (t+At) - p_ (t)]/At has di-
rect ratio with the change in revenue per unit price
[w, (@t + At -w, (D)]/[p,(t+ At) - p ()], there will be

(3.2.5)

p,t+A)-p, ) w (t+At)-w, (1)
At U p A -p, )]

Where y > 0. When At is small enough, the above
equation will be

(3.2.6)

dp, _ oW,

a op,
where the partial derivatives is used to show that
the change in revenue is only caused by the change
in price.

(2) To decrease the price if the price increases,
while the revenue decreases.

In this case, the price increases, p (t + At) > p (t),
the revenue decreases, w_(t + At) <w (), and then
p,(t+ 2At) < p_(t + At). If the change in price per unit
time has direct ratio with the change in revenue per
unit price, the corresponding mathematical model
will be the same with (3.2.6).

If ow,/dp, <0, then the price should be de-
creased dp / dt < 0, and the change in price is in line
with the same ratio, i.e. dp, /dt =yow, /c’;’p

(3) To decrease the price if the price decreases,
while the revenue increases.

As the price decreases, Ap, < 0, the revenue in-
creases, w, > 0, i.e. ow /ap <0, then the decrease
in price should be continued, dp, /dt <0, the mathe-
matical model for price regulation will be the same
with (3.2.6) and (3.2.7).

(4) To increase the price if both the price and the
revenue decrease.

As the price decreases, Ap, < 0, the revenue
decreases, Aw, < 0, i.e. ow / op, >0, then the price
should be mcreased dp, / dt >0, the mathemati-
cal model for price regulation will be the same with
(3.2.6) and (3.2.7).

The above strategies for market regulation
mechanism is called the function w(p ) of commodi-
ty exchange value!®.

(3.2.7)

16 Through the above analysis, we can see that the
function of commodity exchange value has the property
of diminishing marginal revenue. On the surface, this
conclusion is consistent with the law of diminishing
marginal utility by marginalism. However, this is not the
case. In terms of economic meaning, there is fundamental
difference that the diminishing marginal revenue of
commodity exchange value is one important theorem
deduced from the basic axiomatic system in the new
theory of value, which shows a special case of the law
of value when commodity oversupply in the market,
but regarded as a basic axiom, and used to explain all
economic phenomena by marginalism. Consequently, the
theory of marginal utility has the error of taking a part for
the whole, failing to explain all kinds of disequilibrium
phenomena.
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Definition 3.2.1. Let U be a bounded closed
set in the Euclidean space of commodity price cor-
responding to n-dimensional quantity under barter
exchange, if the differential functions of commodity
value defined in Usatisfy the constraints of exchange
value, that is, w(p,) is a concave function, objectively
there is an equilibrium price p* so that

limp, (t)=p,,
then the function w(p,) of commodity exchange
value that plays a dominant role in the regulation
mechanism for supply-demand balance in the pro-
cess of commodity production is called the function
of commodity value that satisfies the constraints of
the law of exchange value.

Theorem 3.1. Let U be a bounded closed set
in the Euclidean space of commodity price corre-
sponding to n-dimensional quantity under equi-
valent exchange, if the law of exchange value plays
a dominant role in U, for the function p(t) of price of
any o commodity, there must be a maximum, when

dp,

7_ )
so that the market supply and demand of the com-
modity are in a balance, that is

b(t):@:v, vt=b,.
dt

Proof: If w(p, ) is a concave function, there is an
equilibrium price A" to minimize the value difference
Aw, then according to the above pricing strategy, so
that

limp_ (t)=p;.
t—o©
Define a Lyapunov energy function V(t) of value

[p.®-p.)
20,

(3.2.8)
V.(t)= (3.2.9)

Let V(t) be derived by time t, and put (3.2.7), i.e.
dp, /dt =y(ow, /dp,) into (3.2.9), then

av o oW
—=(p()-p)y—.
0 (p®)-p )y o (3.2.10)

According to (3.1.2):

dp, d(_ b - b,
a _ o h = — h, :1,2’-"7 )
" dt(w‘*b y ] W, B yh, o n

a

dp, d(_- b _ b
¢ = — “yh |= “yh, a=12,..
dt dt[wa y} Wu ¥ yn, o ydyeeny 1,

o

Let(_W“b“ th— e “yhj=0, max x,=b =b,
X

when b =x =b’,
o o a

dv, 0oV dp,

dt  op, dt

. dp

= t)— —a

(p,()-p.) it (3.2.11)

b’ -b* -b’

= (W, -~ yh— W, —= yh)w, —= yh

(w, bay w, . yhw, B y

then
limp, (t) = p,-

The commodity exchange market is an eco-
nomic system dominated by the law of exchange
value'’.

Furthermore, if there are n types of products
in the whole society, where the product prices are
P, ..., D, respectively, then the value of each product
is the function of its price respectively,

w(p,), w(p,), ..., W(D,)-

Then it is assumed that the production of each
product is linearly independent'®, when Vw(p,k),
a=1,2, ..., n, from (3.2.11), there must be a corre-
sponding optimal product supply quantity b; to
maximize the revenue w(p,). By the above produc-
tion strategy, there must be

ltimpa(t)zp;, a=12,..,n

and a balance between supply and demand for all
commodities

lim(ba(t)—b;) =0, a=12,..n

4. Conclusion
The law of exchange value of commodities rep-
resents human’s pursuit of an ideal state. In real life,
the pursuit of ideal is a kind of spontaneous and in-
completely rational behaviors with a large number
of blind spots by accessing to local information. The
general expression of these behaviors is a piecewise

7 The economic system governed by the law of
exchange value does not exist forever. On the contrary, it is
the product of modernhuman civilization. Here, the political
foundation for market economy lies in legal systems such
as free trade, monetary and etc., without which, in an era
full of violence, “Free Trade and Equivalence Exchange” of
the market economy can only be an illusion in such an era
of violence under the law of the jungle.

8 The situation will be more complicated if the
productions of different products are linearly related, where
it is necessary to figure out the solution to differential
equations of multivariate functions. Interested readers can
discuss it by themselves.
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function: in the state of supply-demand balance,
the price of commodities is dominated by the ex-
change value; in the state of unbalanced supply and
demand, the price deviates from the value. Never-
theless, in the human society governed by rational
people, the vast majority follow objective economic
laws, pursue the maximization of individual inter-
ests, so that the supply and demand of commodi-
ties are balanced in the market, that is, the law of

exchange value has become a force that dominates
human society, which is the so-called “invisible
hand”, guiding mankind to pursue the ideal state
of supply-demand balance. In this case, the unit ex-
change value of each commodity is the ratio of its
unit value to the total value of all commodities in
the society, where it is assumed that every rational
person conducts his economic behaviors according
to the law of exchange value.
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