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ABSTRACT

Human society is evolving toward the future network information society. In this paper, we identify the interconnected level as the
key factor driving the evolution of human society and incorporate it into our proposed evolutionary model of social formation. We
show the entire process of social formation evolution at the interconnected level through theoretical analysis and simulation. Our
result is consistent with what human beings have gone through. By contrast, the result presents the following four characteristics of
the future network information society: the personalization of goods or services, the downsizing of enterprises or organizations, the
decentralization of production or life, and the sharing of production or living tools. We regard the future network information society

as a deeply interconnected “primitive society”.
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cooperation among human beings"®. The way how

economic activities are conducted, including the
production, exchange, and consumption of goods or services, can
be exploited to distinguish different social forms. These social
forms correspond to different characteristics, such as the
production of goods or services and the way people live, which are
shown in Table 1.

T he functioning of society is based on interconnection and

1 Related Work

Since the industrial society, a series of highly-centralized
phenomena have emerged with the continuous enrichment of our
living foundations in industrial society, such as megacities, mega
communities, and mega factories*”. These phenomena have
introduced various problems, such as climate change®’,
environmental pollution™", resource depletion™", traffic
congestion, the spread of diseases"”, and the imbalance of urban
and rural development". To make matters worse, the status quo
is still deteriorating. The ways of industrialization are challenging
the sustainable development of human society.

A new round of technological revolution has been emerging
since the 21st century. Various technologies, such as cloud
computing, Internet of things, big data, blockchain, and artificial
intelligence, deepen the interconnection of everything in human
society, thereby bringing human beings into the networked

information society. How will the future of networked
information society change the characteristics of goods or services,
the scale of production organizations, the distribution of
production and life, and the acquisition and usage mode of
production and living tools? Is there some enlightenment for
exploring the sustainable development model of human society?

Looking back in history, human beings are in a state of highly
fragmented tribal life in hunter—gatherer societies. The contact
between different ethnic groups is minimal due to the lack of
roads and communication tools. Considering the production and
consumption of goods or services, self-sufficiency was the
mainstream mode, and no exchange behavior was observed yet.
At that time, the scale of production organizations was small,
goods or services were highly personalized, and production and
the sharing of living tools were prevalent™.

After entering the agricultural society, the contact between
different ethnic groups increased due to the appearance of roads.
With the formation of villages, towns, and city-states of varying
sizes, the highly dispersed state of production and life in
hunter—gatherer societies evolved toward a centralized direction.
Although the self-sufficient small farmer economy is still the
mainstream, small-scale and face-to-face exchanges of
personalized agricultural products began to appear, which
gradually developed toward a large-scale and standardized
direction afterward. Purchases became increasingly common
despite self-made production and living tools.

Table1 Review of the evolution of human society.

Characteristics of human society

Hunter-gatherer society

Agricultural society Industrial society

Products or services Personalized
Scale of production organizations Very small
Distribution of production and life Extremely dispersed

Acquisition and usage mode of production
and living tools

Self-made, public-owned

Partly standardized Standardized
Small Large
Dispersed Concentrated

Purchased or partly rented,
privately owned

Self-made or purchased,
private-owned
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With the establishment of transportation networks, such as
highways, railways, and aviation, together with the invention of
communication technologies, such as telegraph and telephone, the
closeness of human social connection and communication has
been significantly promoted in industrial society. Consequently,
the production, exchange, and consumption of products or
services have begun to evolve in a standardized, large-scale, and
centralized manner.

The previous discussion revealed that the closeness of the
connections and communications between people, people and
organizations, and organizations and other behavioral subjects in
a society is one of the essential reasons for the evolution of the
human social form.

We refer to the closeness degree of the connections and
communications between various behavioral subjects in society as
the interconnected level. This level is positively related to the
development of transportation, communication, and other
infrastructures in society. The main factors affecting the
interconnected level can be summarized as the dimensions of
space and time. Among them, the space factor reflects the
coverage of the connection, determining the breadth of
interconnections. An extensive coverage indicates the potential
connection of additional objects. The time factor reflects the
efficiency of connection, determining the depth of
interconnections. A high efficiency leads to additional connections
or interactive information per unit time.

If we use Sand T to represent the space and time factors,
respectively, then the interconnected level (ICL) k is a function of
S and T, and k is positively proportional to S and T.

k=f(S,T),k€[0,1],ko< S, ko< T (1)

Based on the previous discussion, we measured the
interconnected level for China according to the historical data of
total railway mileage, total highway mileage, total aviation mileage,
network coverage, and network speed from 1884 to 2020 and
provided the predicted interconnected level until 2050, as shown
in Fig. 1.

2 Method
The time fitting function of the interconnected level is shown in
Eq. (1). Herein, ¢ is the normalized value of the year variable ¢
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Fig.1 Measurement and prediction of the interconnected level for China.
The black solid circles and connecting lines on the left side of the red vertical
line (2020) are the measured interconnected levels in history, and the black
solid triangles and connecting lines on the right are the predictions of the
interconnected levels based on logistic function fitting. The black dashed line
is the fitting logistic function (Eq. (1)) based on the measured and predicted
values of the interconnected level.
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Figure 1 shows that the interconnected level for China
conforms to the logistic growth model (the interconnected level in
other regions should also conform to the logistic growth model).
The interconnected level for China increased remarkably slowly
from 1894 to 2000 in Fig. 1. The growth rate of the interconnected
level after 2000 rapidly accelerated (the main reason is the
application and popularization of Internet-based technologies). If
the development trend of the interconnected level remains
unchanged, then it will reach 0.83, 0.91, and 0.94 in 2030, 2040,
and 2050, respectively, whose current value is 0.55 in 2020.

Human beings are gradually stepping into the networked
information society with an increasingly interconnected level. The
future of networked information society will evolve toward the
personalization of goods or services, the downsizing of enterprises
or organizations, the decentralization of production or life, and
the sharing of production or living tools. The theoretical
discussion is as follows.

From the perspective of demand, the American psychologist
Maslow summarized human needs from low to high into five
levels, namely physiological, safety, social, respect, and self-
realization needs™. A high level of demand requires increased
personalization. The level of demand will gradually increase with
the improvement of people’s living standards. In other words,
human needs will develop toward a personalized direction. From
the perspective of supply, with the gradual increase in
interconnected level and the development of the economy and
society, the specialized division of labor, the collaboration degree,
and the diversity of products in society will become increasingly
higher, and the cost of producing or providing personalized
products or services will become lower. Thus, the ability to meet
the individual needs of people will increase. Supply and demand
will promote each other and jointly push the development of
products or services toward a personalized direction.

The scale of an enterprise or an organization refers to its
physical size, which is represented by the number of employees.
Small-scale family or manual workshop was the main mode of
production organization in the early stage of primitive
hunter—gatherer and agricultural societies. Enterprises are born
with the development of industry and commerce. Coase™ thinks
that the best scale or boundary for an enterprise lies at the point
where the transaction cost of the internal organization (including
management cost) is equal to that of the market organization. In
industrial society, the transaction cost of market organizations is
quite high due to the interconnected level; thus, the average scale
of enterprises is relatively large. Large-scale centralized production
organizations were quite common during that time. With the
increase in the interconnected level, the transaction cost of market
organizations will decrease, and the boundary of enterprises will
gradually shrink inward, leading to the downsizing of enterprises.
By contrast, with the rise in the interconnected level, enterprises
are becoming increasingly inclined to outsource labor or sign
order-type labor contracts with employees. As a competitive way
to obtain human resources, contracted employment will gradually
become the conventional way of employment™’, thus accelerating
the downsizing process of enterprises or organizations.
Simultaneously, the advantages of small and medium enterprises
in innovation® and the reduction of the income gap with large
companies™ are also boosting the downsizing process due to the
rapid development of information technology and Internet
technology.

Pursuing a beautiful, comfortable, and low-cost living
environment is natural for human beings. In industrial society,
people gathered in large cities to pursue a convenient and
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comfortable living environment and seek additional and
satisfactory job opportunities®. With the increase in the
interconnected level, obtaining means of living, services, job
opportunities, and telecommuting is possible through the
Internet. People will then spread to places with improved natural
environments and choose areas with satisfactory ecological
environments to live and work. Simultaneously, enterprises will
gradually decentralize the layout of production sites to comply
with the decentralization of life; that is, the decentralization of life
will, in turn, promote the decentralization of production.

Production and living tools will present a sharing state with the
gradually increasing interconnected level due to the following. (1)
With the production and life tools becoming increasingly complex
and intelligent, the cost of owning and maintaining these tools is
also becoming increasingly high. (2) The gradual improvement of
various digital and intelligent infrastructures has markedly
reduced the cost of discovering and using production and living
tools. The habit of not asking for everything but only using it is
emerging. As a new way to conduct economic activities, the
sharing economy currently provides a new idea for human beings
to build a resource-saving and environment-friendly society™,
such as the booming car and housing sharing.

2.1 Interconnected level

We measure the ICL in China from spatial and temporal
perspectives. Considering spatial factors, we use road, rail, air, and
network coverage to reflect the coverage of connectivity.
Meanwhile, considering temporal factors, we use the average rate
of roads, rail, air, and networks to reflect the response and
transmission rates of the connection. The formula of ICL can be
expressed as follows:

4 4
k=ws Y wseri+wr Y wrrt;
j=1 j=1
where ws and w, are the weights of spatial and temporal factors,
respectively (ws + wy = 1); ws, and w, are the weights of road, rail,
air, and network within the spatial and temporal factors

4 4

(Z ws, =1, ) wp = 1>; cr;and rt; are the scoring values of each
i1 =

indicator; cr; is the coverage rate; rt; is the respense and

transmission rate; cr, rt; € [0,1].

First, we conducted a principal component analysis on the
annual data of the five indicators for China for the past 20 years to
obtain the weights of each indicator. The coefficients of each
indicator in the first principal component are used as the weights
of each indicator. Then, we fit the historical data of each indicator
due to the availability of records (as early as 1884) with a logistic
regression function to predict the development trend and limit the
state of each indicator. Finally, we combined the weights with the
scores of each indicator (normalized to the 0 and 1 interval) to
measure the current ICL in China and give predicted values.

We performed a series of simulation experiments to verify the
evolution history of human society, considering the production,
exchange, and consumption characteristics of products and
services based on our theoretical analysis results and predict the
basic characteristics of the future networked information society.

The basic assumptions of the simulation experiment are
presented as follows. (1) Enterprise and individuals in an
enterprise are producers and consumers of products and services,
respectively. (2) A specialized economic effect exists in enterprise
production. (3) The per capita management cost in enterprises
increases with the expansion of the scale; that is, a large-scale
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enterprise indicates a high per capita management cost.

2.2 Decision-making model

As the basic decision-making unit, the firm in our evolutionary
model autonomously decides on the number of personnel inputs
on several products, the pattern and volume of product exchanges
with other firms, and the location where production is performed.
We observe the evolutionary behavior of many firms considering
product production and exchange when the external environment
(ie., the ICL) changes.

2.2.1 Production

The production strategy of firm i is denoted as

.
M, = (my,mo,..., my, o my,), my; >0, m; < Z, where m,; is
j=1

the number of workers producing the j-th product in firm i. S is
the maximum size of the firm: when the total number of people in
the firm is Z, the labor time of all people is spent on management.
Each worker has 1 unit of labor time. A management cost, which
increases with firm size, exists within the firm. The management

n (1-k)-y
Y omy,
j=1

cost of firm i is ¢, = ~

, where y is the management

cost coefficient and y > 0. Therefore, ¢; obtains a maximum value

of 1 when Z m,; = Z. A large y indicates the rapid increase of ¢,
j=1

with the firm size of the enterprise, and a large k indicates a small

management cost. For firm i, the labor time of each worker is

I, = 1—¢,. An economic effect of specialization is also observed in

product production.

The production function of the j-th product of firm iis
p.; = L}, where p,; is the output of product j and L;; is the amount
of labor time invested in production. L;=m;;-I, «; is the
technicality factor of the production, and «; > 1, which indicates
that productivity rises with increasing inputs. For simplicity,
&, =&, =--- = a; = . The firm can obtain high productivity by
focusing on a few product categories, which is denoted as
p;y=Li*". B is the specialization factor of the production
function, >0, and n; is the degree of focus of the firm’s

production mode, n, =Y I,(m,). When m,; =0, I,(m,)=1

otherwise, I;;(m;;) = 0. O)\:Iera]l, the production volume of the j-th

product of firm i is expressed as follows:
iy = [myy- (1=c)) "

(1=k)-y

)

.
Z m
j=1

where ¢, = and n, = Zli_j(m,-_j).
j=1
2.2.2 Product exchange

Driven by the per capita fitness evaluation function

F, = 8(r;)=——, p,; is the quantity of the j-th product held by

.
Lmy

j=1
firm i. Firm i must exchange products with other firms to

improve its per capita fitness. [Jp,;, in the fitness evaluation

1
function indicates that increasiné the holdings of one or a few
products does not lead to an increase in fitness provided that the
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total number of holdings remains constant. Firms seek a balance
of holdings among all product categories; thus, product exchange
is necessary.

When exchanging products with others, firms have two
optional exchange modes for each product: the buy-sell and rent
modes. The product exchange mode for firm i is denoted as
E ={ey,e,..., €, where ¢; =0 indicates that the exchange
mode of enterprise i on the j-th product is the buy-sell mode, and
e;; = 1 for the rent mode.

In the buy-sell mode, the firm exchanges out or obtains
ownership of a certain type of product with a certain amount.
Meanwhile, in the rent mode, the firm offers or obtains the right
to use a certain type of product with a certain amount. The
contribution of the product’s ownership and use is the same
during the evaluation of the firm’s fitness. However, a product
with the right to use would be unavailable for subsequent product
exchanges.

The use of durable products (including end-use consumer
goods and manufacturing and processing equipment) introduces
wear and tear. The durability factor d assumes the depreciation
rate of the product for one use. The remaining amount of the
product with a total amount of m after being used once is u(1— d),
and the product usage amount obtained by the renter is u.

Product exchange follows the principle of maximum variety
and minimum quantity. That is, when two firms match supply
and demand, these firms exchange all products that can be
matched, and the exchange amount is equal to the minimum
supply of these products. Suppose that the exchange demand of
firms iand j on the m and n, products is matched, firm i
exchanges product », to obtain product n, and vice versa, and the
amount of exchanged products is m. Owing to the
interconnection costs between firms (k < 1), the actual gain
between two firms after the production exchange is affected by the
k, and the remaining amount of products with a total amount of v
after the exchange is vk. For simplicity, we assume that the
product exchange cost introduced by the ICL is fully supported by
the demand side (the assumption of exchange costs does not affect
the simulation results of this paper).

2.2.3 Site selection for production and life

We constructed a two-dimensional map and divided it into
several regions based on the topographical environment and
natural resource distribution in northern China. For each region
(denoted as s, = (x;,y,)), we evaluate the possession of high-
quality resources (denoted as r;) considering the geographical
environment and natural resources required for production and
living, which reflects the livability of the region. Specifically,
livability includes a total of four indicators: average regional
elevation, average annual temperature, freshwater resource
retention, and vegetation cover™. The site selection strategy of firm

[1pi

j=1

i is denoted as [, = (x;,y;). The fitness function F, = §(1,)

;
Y m,

=1
evaluates the competitiveness of the firm from the perspec’éive of
per capita revenue, where p,; is the occupancy of firm i on the j-th
product, )" m,, is the total number of people in firm i, §(1,) = I

— nl
is the per capita share of quality resources in enterprise i, 7, is the
total number of people in the region where firm 7 is located, and r,
is the possession of high-quality resources in the i-th region. k
changes with the distance of the two firms. k at which firms i and

*Data are available from the corresponding author upon reasonable request.
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d,
j exchange products is k;;, = min <max <k +g- <1 72%) ,

0 ,12, where d,, is the Euclidean distance between areas /; and I,

L is half of the side length of the two-dimensional plane, and g
represents the degree to which k is affected by the distance. Thus,
the average k between each firm and all regions is k. However, k is
high when the connected firm is close to itself.

2.2.4 Simulation

Each company i randomly generates a product production
strategy M, a product exchange strategy E,, and a location strategy
O, before the simulation. Firms are distributed on a two-
dimensional plane in northern China according to a siting
strategy, after which they produce products and hold different
numbers of product combinations. When exchanging products,
company i will match the supply and demand of products with
other companies according to the principle of distance priority
and then exchange products due to the high interconnection level
of product exchange with companies close to the distance. The
matching is completed until firm i has successfully exchanged
products for a certain number of times or the matches with all
other firms fail. The fitness function is then used to calculate the
fitness of each firm. We rank all firms from high to low and
introduce newborn firms with randomly generated strategies to
replace the firms with the lowest fitness ranking. The second
lowest-ranked firm would learn the strategy from the highest-
ranked firm and then proceed to the next round of the
“production—exchange-evaluation-learning” process.

The whole simulation continues in this manner until stable
product production, product exchange, and site selection
strategies are developed. The developed strategies are the most
competitive strategy under the current parameter setting.

The parameters of the simulation experiment are set as follows:
the two-dimensional plane is divided into 16 square regions of
equal area. The total number of firms N = 200, the number of
product types n = 4, and the economic coefficients of production
specialization « are 1.1, 1.2, and 1.3. The management cost y = 2,
the maximum size of firm S$=10, the factor of specialized
production 8 = 0.3, the depreciation rate of the product d = 0.5,
and the degree of interconnection level affected by distance
g=0.2. We take values of k from [0, 1] at equal intervals and
conduct one simulation for eachk value. One simulation runs
until the competitive strategy evolves, and the average of the
results of the last 10 steps is taken as the final result of this
simulation. For each parameter setting, the simulation is repeated
50 times, and the average of the results is taken as the final result
under this parameter setting.

2.2.5 Animation

We chose the map of northern China corresponding to the
regional distribution in the decision model of this paper as the
background and created an animation of population migration
based on the simulation results to demonstrate the overall
evolution process of the development trend of “decentralization of
production or life” dynamically. In the simulation, the k values are
set to 0, 0.2, 0.4, 0.6, 0.8, and 1, and the simulation is repeated 200
times at each k. The strategies are randomly generated before the
experiment starts. The enterprise directly inherits the strategies
from the previous round when the k changes. We use the solid
blue dot to represent a person and draw the distribution of the
crowd on the 2D plane once every four simulation rounds. The
resulting pictures are used to create an animation of crowd
migration.
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3 Result and Dissussion

The simulation results in Fig.2 show that with the increasing
interconnected level from 0 to 0.55 (the current value of the
interconnected level China is shown in Fig. 1), the personalization
degree of goods and services (or consumption individuation
degree) is initially high and then becomes lower, the size of
enterprises grows from small to large, the distribution of
enterprises changes from a highly dispersed state to a high degree
of concentration, and the sharing degree of production and living
tools gradually decreases. These simulation results coincide with
the historical development of human society through
hunter-gatherer,  agricultural, and industrial  societies.
Additionally, the simulation results inFig.2 indicate that the
future networked information society (with an interconnected
level from 0.55 to 1) is evolving toward the personalization of
goods and services, the downsizing of enterprises and
organizations, the decentralization of production and life, and the
sharing of production and living tools. The four evolution trends
are referred to as the “Four Directions” in the following sections.
The evolution trends of the “Four Directions” are consistent with
the previous theoretical analysis of the basic characteristics of the
future networked information society.

The simulation results in Fig. 2 indicate that the development
status of China is as follows.

Considering products and services, Chinese society has only
crossed the stage of large-scale standardized production and is
evolving toward personalization. Considering enterprise-scale,
Chinese society is currently at an inflection point where large-scale
begins to evolve toward downsizing. Chinese society is currently at
the apex of a high concentration of people considering the
distribution of production and life. In terms of production and
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living tools, the trend of sharing is emerging, which is about to
enter a stage of rapid ascent. The above conclusion is consistent
with the status quo in China. Notably, the status quo and
evolutionary trend of Chinese society are universal. The status quo
of society presents differentiated characteristics due to the
differences in the interconnected level in different regions, but the
evolution trend is the same.

The future of a networked information society with extremely
high interconnected levels and the primitive hunter-gathering
society with extremely low interconnected levels shares similar
characteristics. Thus, we call the future of networked information
society the deeply interconnected “primitive society”, which is an
advanced return to the primitive hunter-gatherer society. The
advanced point is as follows. The personalization of goods or
services will substantially meet various personalized needs of
people and significantly improve their living quality. The
downsizing of enterprises or organizations and the
decentralization of production and life are expected to solve
fundamentally the traffic congestion, environmental pollution,
and many other common problems caused by the excessive
gathering of people in industrialized society. The sharing of
production tools will maximize various resources, promote
societies to embark on a road of intensive development, and help
the sustainable development of human society.

4 Conclusion

Overall, the simulation results are consistent with the social status
quo in China and the theoretical discussion of the basic
characteristics of the future of a networked information society.
Notably, the conclusions of this article are based on the absence of
human intervention.
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Fig.2 Evolution trend of the“ Four Directions”. The change curve of the personalization of goods or services (a), the downsizing of organizations or
institutions (b), the decentralization of production or life (c), and the sharing of production or living tools (d) with the interconnected level. We use the total
number of people whose need is met by products of a single enterprise as an indicator of the personalization of goods or services. A large indicator denotes a
low degree of personalization. The average number of employees in the enterprise is used as the indicator of the downsizing of organizations or institutions. A
large indicator denotes small organizations or institutions. The largest number of people gathered in the geographical distribution is used as the indicator of the
decentralization of production or life: a large indicator denotes a low degree of decentralization. The proportion of rental behavior in the exchange of goods or
services is used as the indicator of the sharing of production or living tools. A higher indicator denotes a high degree of sharing. The green, blue, and red dotted
lines in the figure represent the indicator changes when the specialization economic coefficient s = 1.1, 1.2, and 1.3, respectively. A large specialization economic
coefficient indicates a small corresponding interconnected level when the indicator starts to change (a)—(d), and the change is substantial (a)—(c). The black
dotted line corresponds to the current measured value of 0.55 for the interconnected level in China.
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The development of human society has currently reached a
critical “crossroads” on whether to continue the development
model and path of industrialization or conform to the evolution
trend of the future of networked information society, thereby
opening up the development mode or path of the personalization
of goods or services, the downsizing of enterprises or
organizations, the decentralization of production or life, and the
sharing of production or living tools. The conclusions in this
paper indicate that the latter should be chosen, and suitable
policies should be adopted to accelerate the future evolution of a
networked information society to achieve the sustainable
development of human society. Therefore, governments, non-
governmental organizations, enterprises, and citizens must work
together according to the basic logic and methodology of
openness, interconnection, cooperation, and sharing.
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