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Abstract: Technical service platform exerts a strong effect on supporting the innovation of the high-tech industry as a critical constituent of the modern service industry, and 
it can effectively enhance the development potential of technological innovation, but the degree of separation from technical service chain to high-tech industry chain is 
currently high. To explore how to improve the utilization efficiency of scientific and technological resources and facilitate the sustainable development of the high-tech industry 
by relying on technical service platform,a high-tech service platform was constructed by using Lotka-Volterra (L-V) model on the basis of ecosystem theory, the evolution 
path and stability conditions of high-tech service platform were analyzed followed by numerical simulation by Matlab computing. Results show that the development of high-
tech service platform follows the evolution path of "bilateral platform → core platform → platform ecosystem"; population evolution pattern in high-tech service platform 
ecosystem is decided by interdependence coefficient between populations; populations inside high-tech service platform ecosystem generate natural selection and 
synergistic effect and realize ecological balance among populations through evolution. Evolution of high-tech service platform system in this study provides a new theoretical 
framework for effective fusion and collaboration of science and technology service and industry, which is significant for elevating scientific and technological innovation level 
and improving technical service system construction. 
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1 INTRODUCTION 
 

With the global scientific and technological 
development and the increasingly fierce science and 
technology competition, scientific and technological 
innovation is progressively exerting prominent influences 
on economic growth, structural upgrading, and 
competitiveness improvement. On the basis of high 
technology, the high-tech industry is characterized by 
strong driving power, association, permeability, and plays 
a significant role in promoting rapid and healthy social and 
economic development, thereby attracting extensive 
attention [1]. Various countries globally are driving and 
supporting the development of their high-tech industries 
through all countless means. The high-tech industry 
development in China had a late start. Although the central 
and local governments have always taken the development 
of high-tech industry as an important development 
direction in policy formulation, the high-tech industry has 
been presenting a rapid growth trend in aspects of 
enterprise quantity, R&D input, technology input, and so 
on. According to the 2017 China Statistical Yearbook of 
High-Tech Industry, the quantity of high-tech enterprises 
in 2016 reached 30,800, doubling that in 2005. The R&D 
expenditure of large- and medium-sized high-tech 
enterprises was RMB 243.76 billion, equivalent to 6.72 
times of that in 2005. China still has a long way to go to 
gain on innovative countries, such as America, Germany, 
and Japan in high-tech innovation ability and 
transformation efficiency of scientific and technological 
resources. For example, the patent transfer rate of colleges 
and universities in developed countries, such as America, 
reached 50% [2], but it was only 6% in China. The high-
tech industry is a knowledge and technology double-
intensive industry. China has realized considerable growth 
of R&D input, but its technology content does not enjoy 
the corresponding remarkable elevation, in that the science 
and technology competitiveness has remained at a low 
international status, and the root cause lies in low 
technological innovation efficiency [3]. Therefore, how to 

realize more scientific and reasonable configuration of 
scientific and technological resources and improve 
innovation efficiency have become problems needing 
urgent solutions in high-tech industry development. 

As a type of organization, which integrates scientific 
and technological resources and provides scientific and 
technological innovation activities with various technology 
services, technical service platforms can promote open 
sharing and efficient utilization of scientific and 
technological resources and provide high-level and 
professional science and technology services for 
enterprises and the whole society. In addition, it has 
attracted extensive attention from scholars. From the 
macro-perspective, scholars have mainly conducted 
mechanism studies regarding platform design principle, 
system architecture, service collaboration, and so on. From 
the micro-perspective, they have mainly explored the 
concrete strategies or measures from profit model, service 
chain, and so on. In addition, various countries have 
conducted numerous practices to enhance their scientific 
and technological innovation capabilities and support the 
development of the high-tech industry, e.g. American 
Federal Laboratory Technology Transfer Consortium and 
National Technology Information Centre established a 
scientific and technological resource database to provide 
information inquiry services for relevant industry 
organizations by integrating national scientific and 
technological resources [4]. Semiconductor Manufacturing 
Technology Consortium improved American 
semiconductor manufacturing by integrating business 
capital resources in the consortium and sharing 
development technology research and financial risks [5].  

However, high-tech service platforms in China have 
enjoyed certain developments, e.g., Shanghai 
Bioengineering and Pharmaceutical Industry Platform and 
Shenzhen Energy Emission and New Energy Low-Carbon 
Public Technology Platform, and so on. However, the 
theoretical exploration of platform development lags 
behind and most are still centering on simple scientific and 
technological intermediary service mode with insufficient 
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recognition of evolution path of technical service 
platforms, and a lack exists of the optimal long-term 
planning layout for positioning technical service platforms. 
The government-dominated single development pattern 
cannot be changed and platforms are short of development 
motivation, failing to realize their due roles in improving 
innovation efficiency. Under this background, on the basis 
of the concept of ecological development and orienting at 
demands, this study investigated the evolution path for 
high-tech service platform ecosystem and explored their 
sustainable development problems to improve the resource 
integration efficiency of high-tech service platforms and to 
solve the fused development issues between the high-tech 
industry and technical service platforms. 

The remainder of this study is arranged as follows. 
Section 2 combs the existing literature relating to high-tech 
industry and technical service platforms and puts forward 
the research thought of using the Lotka-Volterra (L-V) 
model to analyze high-tech service platforms. Section 3 
analyzes the high-tech service platform ecosystem 
structure and evolution process. Section 4 constructs a 
high-tech service platform L-V model, conducts stability 
and simulation analyses, and discusses the above analysis 
results. Section 5 finally presents the conclusions. 
 
2 LITERATURE REVIEW 
 

The enormous promoting effect of high-tech industry 
development on economic growth has become a consensus 
among scholars [6, 7]. Therefore, how to facilitate the 
development of high-tech industry has become the main 
research content at home and abroad. By combing relevant 
literature, this study found that scholars have investigated 
how to promote the development of the high-tech industry 
mainly from four aspects, namely, financial support, 
industrial clustering, technological innovation, and 
governmental support. Woolley deemed that for the high-
tech industry, risk capital market was its best direct 
financing channel, and the construction of American risk 
capital market exerted important effects on the 
development of American high-tech industry [8]. Through 
an empirical analysis, Liu et al. unveiled that increasing 
scientific research input can improve the technological 
innovation performance of the high-tech industry to boost 
its development [9]. Ren et al. probed the influence of 
clustering of different industry types on technological 
innovation and found that the difference of cluster type 
would influence enterprise participation to influence 
enterprise cooperation in innovation [10]. Dmitriev et al. 
thought that high-tech industry clustering could accelerate 
the technological innovation of the high-tech industry and 
lower product cost [11]. By constructing a combing model, 
Amitrano et al. found that the higher the market 
competition level, the higher the enterprises' technological 
innovation level [12]. Li et al. thought that excess 
governmental invention would obstruct the improvement 
of total factor productivity of the high-tech industry [13].  

With the deepening of high-tech industry studies, the 
high-tech industry fails to satisfy the requirements for 
innovation activities by only relying on its own restricted 
resources, but instead, it needs to actively acquire external 
innovation resources to solve resource bottlenecks in the 
innovation process [14]. As an important constituent of 

science and technology innovation system, technical 
service platform can gather knowledge, effectively 
integrate all kinds of science and technology innovation 
resources, and establish close relations between enterprises 
and factor market to provide great support for high-tech 
enterprises to improve innovation efficiency. In the 
relationship research between technical service platform 
and high-tech industry, Sangamuang believed that 
technical service platform was only occupied in simple 
professional information transfer service at the beginning 
and survived on innovation subjects [15]. Kakaomerlioglu 
et al. pointed out that without developed science and 
technology services as the support, for high-tech 
enterprises to own strong innovation ability and market 
competitiveness was difficult [16]. As believed by Uribe-
Echeberra et al., technical service platforms played roles of 
innovation promoters, innovation platforms, and 
innovation sources in innovation activities [17]. Science 
and technology services are closely integrated with high-
tech innovation activities, technical service platforms 
facilitate innovation ability of the high-tech industry, and 
meanwhile, the improvement of innovation ability of the 
high-tech industry also boosts the development of technical 
service platforms [18].  

Although many scholars have investigated technical 
service platforms, most of them have focused on concrete 
professional science and technology services, such as 
technology transfer [19-22], business incubation [23], 
intellectual property [24, 25], and science and technology 
financial platforms [26-28]. However, few full-chain 
technical service platforms established for specific 
industrial cluster mode exist. Studies regarding technical 
service platforms are carried out mainly from aspects of 
platform connotation [29-31], platform construction and 
operation [32, 33], platform service [34, 35], and so on. 
Centering platform and relying on networks, service and 
technical service platform associates several organizations 
and individuals according to certain rules with ecosystem 
features. Therefore, some scholars have investigated 
technical service platforms combining ecosystem theory. 
According to the individualized demands of innovation 
subjects in technological innovation ecosystem in different 
innovation phases, Qian modularized scientific and 
technological information services and explored into the 
path for providing accurate services. By analyzing 
constitutive factors of scientific and technological 
innovation ecosystem [36], Fan et al. thought that 
information, platform, and service were three important 
factors for sustainable development of Chinese scientific 
and technological periodicals [37]. Jacobides deemed that 
the collaboration degree between core platform and 
subjects was deepened with gradual improvement of the 
whole platform ecosystem in service pattern and function 
[38]. Wang et al. analyzed four typical scientific and 
technological financial platform cases from ecosystem 
architecture and operating mechanism, and discussed 
concrete measures for constructing regional scientific and 
technological financial platforms [28]. Inoue et al. deemed 
that multiple platform ecosystems, if collaborated, could 
effectively realize functional complementation and 
facilitate sustainable development of platform ecosystem 
[39]. 
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L-V model was only applied to studies relating to 
species competition in ecosystem in the early development 
phase, and then it was introduced into the economic field 
as a suitable model explaining the competition and 
cooperation relationship between enterprises. In the classic 
thesis Predator and Prey: A New Ecological Competition, 
Moore described the evolutionary phases of industrial 
ecosystem birth, expansion, predominance, and self-
renewal as well as cooperation and competition features 
in each phase [40]. Taking technical index as an important 
dimensionality, Pan et al. used L-V model to study the 
evolution of innovation ecosystem, thus providing a basis 
for the future scientific and technological development 
trend and decision formulation [41]. Li et al. investigated 
knowledge creation mechanism of industrial technology 
innovation network via L-V model [42]. Wei et al. used the 
L-V model to analyze competitive and collaborative 
innovation evolutions between innovation subjects [43].

From the existing literature, the abovementioned 
studies have provided substantial reference for 
descendants' studies on technical service platforms, but the 
following problems still exist. First, studies on the 
collaborative innovation problem between technical 
service platform and high-tech industry remain limited, 
lacking fusion and failing to realize accurate orientation of 
science and technology services at high-tech industrial 
demands with low integration efficiency of scientific and 
technological resources. Based on studies regarding 
technical service platform ecosystem, most of the existing 
literature has concentrated on structural framework, 

service pattern, and business model, but research on 
evolutionary stability of the whole ecosystem and relevant 
simulation studies are insufficient.  

Given this, under the background of development 
trend and demand of the high-tech industry, this study 
constructed a high-tech service platform ecosystem. This 
study used the L-V model to investigate the stability of 
system evolution to provide a theoretical basis for opening 
the "black box"—how high-tech service platforms can 
promote the development of the high-tech industry, enrich 
research results of high-tech service platforms, and further 
improve sustainable development ability of high-tech 
service platforms. 

3 METHODOLOGY 
3.1 System Structure 

The composition of a high-tech service platform 
ecosystem can be divided into four layers according to 
natural ecosystem elements, that is, individual, population, 
community, and ecosystem, and complex organic 
connection exists between ecological units at different 
layers. Similarly, members in high-tech service platform 
systems complete one another's advantages with resource 
sharing and collaborative evolution. Under coordination 
and integration of core platforms, other platforms with 
competitive and symbiotic relationships jointly form an 
ecosphere with abundant layers and complex relationships 
through circular flow of scientific and technological 
resources as shown in Tab. 1. 

Table 1 Factor comparison between natural ecosystem and high-tech service platform ecosystem 
Definition Natural ecosystem High-tech service platform ecosystem 

Individual 
Organic individuals of organisms with growth, development, and 
reproduction functions 

High-tech enterprises and science and technology service-oriented 
enterprises constituting the high-tech service platform ecosystem 

Population 
Set of biological individuals with the same gene frequency, 
morphologies, and physiological characteristics 

Enterprise set with similar abilities and characteristics on a high-
tech service platform 

Community 
Set of different biological populations Constituted by all populations with different characteristics in a 

high-tech service platform 

Ecosystem 
Organic body composed of different biological communities and 
natural environment 

Organic unified whole composed of different high-tech service 
platforms and external environment 

Different types of high-tech enterprises such as 
advanced manufacturing companies, bio-pharmaceutical 
companies, etc. are the basic units in the high-tech service 
platform ecosystem, similar to the biological individuals in 
the natural ecosystem. They also belong to the subdivided 
industry belonging to the high-tech service platform 
formed by the industrial population. Different types of 
industrial groups formed some high-tech service 
communities. Finally, all high-tech enterprises in the high-
tech service platform and its radiation range constitute the 
entire high-tech service platform ecosystem. 

3.2 Evolution Path 

Moore was the first one who applied ecology to the 
management field [44]. He divided the development of 
business ecosystem into four phases. The first phase was 
foundation of business ecosystem. In the second phase, 
business ecosystem attracted new members to expand the 
platform boundary by providing relevant high value-added 
products and services. With the development of business 
ecosystem, ecological niches of population members 

would be re-divided in the third phase. The fourth phase 
was sustainable innovation phase of business ecosystem.  

Just as evolution and development of a single 
organization, the growth of high-tech service platforms is 
also a process of continuously realizing value 
maximization with the evolution of their life cycle. 
According to analysis theory of business ecosystem, this 
study defined the evolution path of high-tech service 
platform ecosystem and it was divided into bilateral 
platform, core platform, and platform ecosystem phases as 
shown in Fig. 1. 

3.3  Modelling 

Jointly proposed by American ecologist Lotka and 
Italian mathematician Volterra, the L-V model is a 
theoretical model used to describe competitive 
relationships between species. Based on population 
dynamics Logistic model, this model extends the study 
objects from single species to interaction between multiple 
species and it lays the theoretical foundation for studying 
interpopulation competitive relationships. As ecology is 
introduced into the management field, L-V model has also 
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been used to study relationships between enterprises and 
has achieved significant effect. Therefore, this study 
attempts to analyze the stability of interpopulation 

evolution in high-tech service platform ecosystem via L-V 
model.  

 

 
Figure 1 Evolution path of high-tech service platform ecosystem 

 
As the interpopulation evolution model where 

population quantity in high-tech service platform 
ecosystem exceeds two is totally similar to the model 
where the population quantity is two. For the convenience 
of analysis, assume that the high-tech service platform 
ecosystem consists of two populations, and that population 
growth is restricted by environmental factors similar to the 
growth process of ecosystem in nature, and moreover, it 
needs to undergo the development process from childhood 
to adulthood.  

Assume that the resources in the high-tech service 
platform ecosystem in operation and growth phase (phase 
t) are restricted, scales of two populations grow with time, 
the evolution scales of the two populations are set as v1(t) 
and v2(t), their growth rates are r1 and r2, respectively. 
k1and k2 denote maximum scales of the two populations 
under given resources in the community. Hence, the 

evolutionary L-V model between the two populations in 
the high-tech service platform ecosystem is constructed as 
below:  
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α1 and α2 are interdependence coefficients between two 

populations, namely, the influence of interpopulation 
relationship of the two populations on their evolutions. The 
value ranges of α1 and α2 decide interpopulation 
relationship between the two populations as seen in Tab. 2. 

 
 

Table 2 Value ranges of interdependency coefficients α1, α2, and corresponding interpopulation relationship 
Value range Interpopulation relationship Main features 
α1 = 0, α2 = 0 Neutral relationship Do not generate mutual effect and develop independently  
α1 > 0, α2 > 0 Competitive relationship Inhibit each other 
α1 < 0, α2 = 0 or α1 = 0, α2 < 0 
α1 < 0, α2 = 0 or α1 = 0, α2 < 0 

Commensalism relationship One party in the population benefits whereas the other party does not 

α1 > 0, α2 = 0 or α1 = 0, α2 > 0 
α1 > 0, α2 = 0 or α1 = 0, α2 > 0 

Amensalism relationship One party in the population suffers loss whereas the other party does not 

α1 < 0, α2 < 0 Mutually beneficial relationship Generate beneficial effect on each other 
α1 < 0, α2 > 0 or α1 > 0, α2 < 0 
α1 < 0, α2 > 0 or α1 > 0, α2 < 0 

Parasitic relationship One party in the population can survive and develop only by relying on the other 
party  

 
The evolution result of populations in the high-tech 

service platform ecosystem depends on values of 
interdependence coefficients α1 and α2. Therefore, to better 
explore the internal population evolution in high-tech 
service platform ecosystem, this study used the simulation 
software Matlab 2018b to conduct systematic stability 
analysis and simulation of collaborative evolution of two 
populations in high-tech service platform ecosystem.  

Set upper limits of development scale of populations 1 
and 2 as k1 = 1,000 and k2 = 800, respectively, their growth 
rates as r1 = 0.05 and r2 = 0.02, respectively, and number 
of iterations as 500. By adjusting the values of 
interdependence coefficients, the evolution trends under 
different relationships between populations are acquired 
accordingly. 

 



Jingdong YAN et al.: High-Tech Service Platform Ecosystem Evolution: A Simulation Analysis using Lotka-Volterra Model 

Tehnički vjesnik 27, 5(2020), 1509-1518                                                                                                                                                                                                       1513 

4 RESUILT ANALYSIS AND DISCUSSION 
4.1 Stability Analysis 
  

First, equilibrium point analysis of Eq. (1) is 
performed. 
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Four local equilibrium points of interpopulation 

evolution in high-tech service platform ecosystem can be 
obtained as A(0, 0), B(k1, 0), C(0, k2) and 
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According to the interpopulation evolution process in 
high-tech service platform ecosystem as described by 
differential equations, the stability of its equilibrium points 
can be acquired through local stability analysis of the 
Jacobian matrix. Therefore, partial derivatives of v1 and v2 

are solved for the differential equations to obtain the 

Jacobian matrix of interpopulation evolution in the high-
tech service platform ecosystem:   
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Therefore, the determinants of this Jacobian matrix is 
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The method of using Jacobian matrix to judge whether 
equilibrium point is under local stable state is: when system 
equilibrium satisfies det(J) > 0 and tr(J) < 0, equilibrium 
point is then under local asymptotic stability state, so the 
equilibrium conditions for interpopulation evolution in the 
high-tech service platform ecosystem are det(J) > 0 and 
tr(J) < 0. The concrete analysis results are shown in Tab. 3. 

 
Table 3 Equilibrium point for interpopulation evolution in high-tech service platform ecosystem and stability analysis 

Equilibrium point det(J) −tr(J) Stability condition 
A(0, 0) r1r2 −(r1 + r2) Unstable 
B(k1, 0) −r1r2(1 − α2) r1 − r2(1− α2) α1 < 1, α2 > 1 
C(0, k2) −r1r2(1 − α1) r2 − r1(1− α1) α1 > 1, α2 < 1 
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α1 < 1, α2 < 1 

 
After equilibrium points and stability conditions are 

obtained, the evolution process between two populations in 
the high-tech service platform ecosystem can be described 
through phase trajectory analysis method to investigate the 
evolution trend and some characteristics, and the following 
is set:  
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where the positions of g1(v1, v2) = 0 and g2(v1, v2) = 0 

on the phase plane are decided by value ranges of α1 and 
α2. For different interdependence coefficients, the 
evolution trajectory will tend to be different equilibrium 
points.  

When α1 < 1 and α2 > 1, then the equilibrium point 
B(k1, 0) is the stable point. Two straight lines g1(v1, v2) = 0 
and g2(v1, v2) = 0 divide the phase plane into three regions 
S1, S2, and S3, specifically as shown in Fig. 2a. 
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Fig. 2a shows that S1 region is located at the lower 

overlapping part of oblique lines g1 = 0 and g2 = 0, where 
scale growth rates of Populations 1 and 2 are greater than 
zero. S2 region is below oblique line g1=1 and above 
oblique line g2 = 0, where the scale growth rate of 
Population 1 is greater than zero but that of Population 2 is 
smaller than zero. S3 region is located at the upper 
overlapping part of oblique lines g1 = 0 and g2 = 0, where 
the scale growth rates of Populations 1 and 2 are smaller 
than zero.  

If the initial phase point is in S1 region, it can be found 
according to Eq. (6) that growth rates of Population 1 and 
2 are greater than zero, and the phase point will move 
toward the upper right with time, and then enter S2 region. 
If the initial phase point is located in S2 region, it can be 
found through Eq. (7) that the scale growth rate of 
Population 1 is greater than zero whereas that of Population 
2 is smaller than zero and the phase point will move toward 
the lower right with time, and finally tend to equilibrium 
stability point B. If the initial phase point is in S3 region, it 
can be found through Eq. (8) that the scale growth rates of 
Populations 1 and 2 are smaller than zero, and phase point 
will move toward the lower left with time, and finally tend 
to equilibrium stability point B.  

Through the above analysis, when α1 < 1 and α2 > 1, 
equilibrium point for evolution of the two populations is 
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B(k1, 0), namely, no matter which region the initial phase 
point is located, the scale of Population 1 will continuously 
grow whereas Population 2 will disappear, finally realizing 
stable development at equilibrium stability point B.  

Similarly, it can be proven that when α1 > 1 and α2 < 1, 
C(0, k2) is the equilibrium point for evolution, namely, the 
scale of Population 2 will continuously grow whereas 
Population 1 will disappear. Under α1 < 1 and α2 < 1, 
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 is the equilibrium point for 

evolution, and the two populations can realize stable 
coexistence in the ecosystem. When α1 > 1 and α2 > 1, no 
global stability point exists. Moreover, the phase trajectory 
analysis process under the three circumstances is similar to 
the analysis process of equilibrium point B. Therefore, the 
final evolution results are shown in Figs. 2b, 2c, and 2d. 

 

v1

v2

A

S1

S2

S3
k2

k2/α1

k1k1/α2

B

v1

v2

A

S1

S2

S3

k2

k2/α1

k1 k1/α2

C

 
               (a) When α1 < 1 and α2 > 1, point B is stable              (b) When α1 > 1 and α2 < 1, point C is stable 
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Figure 2 Phase diagram of interpopulation evolution in high-tech service platform 
 
Based on the above analysis, only when α1 < 1 and α2 

< 1 will a stable coexistence state exist in the high-tech 
service platform ecosystem. Therefore, interpopulation 
relationships and setting of simulation values in Section 3.3 
were combined to conduct a simulation of possible neutral, 
competitive, commensalism, amensalism relationship, 
mutually beneficial, and parasitic relationships under α1 < 
1 and α2 < 1 conditions.  

(1) Neutral relationship  
Under neutral relationship, no mutual effect will be 

generated between two populations in ecosystem, so α1 = 0 
and α2 = 0 are set. The simulation results are shown in Fig. 
3 and it can be found that the development speeds of two 
populations do not influence each other in the high-tech 
service platform ecosystem, both of which are decided by 
their inherent growth rates, and moreover, after a certain 
time, their scales reach upper limits. 

(2) Competitive relationship 
Under competitive relationship, two populations in the 

ecosystem can inhibit each other, so α1 = 0.3 and α2 = 0.3 
are set. The simulation results are shown in Fig. 4 and it 
can be found that the development speeds of two 
populations in the high-tech service platform ecosystem 
will be lower than their inherent growth rates. Furthermore, 
their scales do not reach upper limits due to the influence 
of competition.  

(3) Commensalism relationship  
Under commensalism relationship, one between two 

populations in the ecosystem will benefit whereas the other 
party will not, so α1 = 0 and α2 = −0.3 are set. The 
simulation results are shown in Fig. 5. It can be found that 
one party (Population 1 with zero interdependence 
coefficients) in the high-tech service platform ecosystem is 
not influenced whereas the development scale of the other 
party (Population 2 with negative interdependence 
coefficient) breaks through the original upper limit as it is 
benefited.  

(4) Amensalism relationship  
Under amensalism relationship, one between two 

populations in ecosystem will suffer loss whereas the other 
one will not, so α1 = 0.3 and α2 = 0 are set. The simulation 
results are presented in Fig. 6, and that one party 
(Population 2 with zero interdependence coefficient) is not 
influenced and under normal development whereas the 
upper limit of development scale of the other one 
(Population 1 with positive interdependence coefficient) is 
lowered somehow due to loss. 

(5) Mutually beneficial relationship  
Under mutually beneficial relationship, two 

populations in ecosystem promote each other's 
development, so α1 = −0.3 and α2 = −0.3 are set. The 
simulation results are shown in Fig. 7. It can be found that 
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under mutually beneficial relationship, symbiotic effect is 
generated between two populations. When the evolution 
reaches stable state, the development scales of both 
populations break through their original upper limits.  

(6) Parasitic relationship  
Under parasitic relationship, interdependence 

coefficient of one between two populations in the 
ecosystem is greater than zero whereas that of the other one 
is smaller than zero, so α1 = 0.3 and α2 = −0.3 are set. The 
simulation results are displayed in Fig. 8, from which it can 
be observed that the upper limit of development scale of 
parasitic Population 1 (interdependence coefficient is 
positive) in the high-tech service platform ecosystem is 
lowered to a certain degree as it is consumed by the other 
party, but the upper limit of development scale of 
Population 2 (interdependence coefficient is positive) is 
enlarged as it is benefited.  

 

 
Figure 3 Interpopulation evolution patterns under neutral relationship 

 

 
Figure 4 Interpopulation evolution patterns under competitive relationship  

 

 
Figure 5 Interpopulation evolution patterns under commensalism relationship 

 
Figure 6 Interpopulation evolution patterns under amensalism relationship 

 

 
Figure 7 Interpopulation evolution patterns under mutually beneficial 

relationship 
 

 
Figure 8 Interpopulation evolution patterns under parasitic pattern 

 
4.3 Discussion 
  

The above analysis indicates that the evolution result 
of high-tech service platform ecosystem depends on 
interdependence coefficients between populations in the 
platform, and different interpopulation relationships result 
in different evolution results, mainly manifested by the 
following features and laws:  

(1) According to the results in Fig. 3, when the 
interpopulation interdependence coefficient is 0, the 
population evolution process in high-tech service platform 
ecosystem is influenced by their environmental capacity 
and their own growth speed; they develop independently 
and have no mutual relationship. Fan et al. [45] and Nestor 
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et al. [46] empirically studied the development efficiencies 
of the high-tech and science and technology service 
industries, but they ignored their mutual relationship. This 
mutually independent coexistence pattern in practice is not 
a normal existence and it does not conform to the 
sustainable development goal of high-tech service platform 
ecosystem.  

(2) Based on the results in Fig. 4, when interpopulation 
interdependence coefficients are both greater than 0, the 
interpopulation competition for resources in the high-tech 
service platform ecosystem is fierce and they inhibit each 
other's development. The party with greater 
interdependence coefficient will tend to decay or perish as 
other populations occupy resources while the other party 
can survive and develop. Under this circumstance, due to 
special restriction of population survival resources and 
influence of their mutual competition, the sum of overall 
development scales of populations in the high-tech service 
platform ecosystem will be smaller than the sum of 
maximum development scales they can originally reach.  

(3) As shown in Figs. 5 and 6, when the 
interdependence coefficient of one party is 0 whereas that 
of the other party is not 0, their relationship belongs to 
commensalism or amensalism patterns. Namely, symbiosis 
is unilateral, it is only beneficial for one party, and this 
"good to none but worse to oneself" or "good to others but 
bad to oneself" pattern is not suitable to exist for a long 
time.  

(4) The results in Fig. 7 show that when the 
interdependence coefficients are both negative, the 
population evolution in the high-tech service platform 
ecosystem forms a mutually beneficial relationship, 
generates reciprocal symbiosis, and enhances development 
potentials. The existing studies have basically ascertained 
the interdependent relationship between high-tech and 
service industries, which are connected through innovation 
activities. The high-tech industry generates demands for 
the service industry while the service industry relies upon 
market and technology provided by the manufacturing 
industry [47, 48], but there lacks deep mechanism and 
trend studies regarding their collaborative innovation. This 
study reveals the evolution mechanism of high-tech service 
platform ecosystem and further expounds the path for high-
tech and service industries to realize benign interactive 
development. Given the cooperative promoting effect 
between populations, the sum of the overall development 
scales of populations in the high-tech service platform 
ecosystem will be greater than the sum of maximum 
development scales that they can reach by relying on their 
own growth, so it is an ideal symbiosis pattern.  

(5) As shown in Fig. 8, when one interdependence 
coefficient is positive whereas the other is negative, the 
resources of one party will be transferred to the other party, 
so this party will benefit whereas the other party will suffer 
loss. This asynchronous evolution is of high instability and 
it goes against value creation.  

Through the above discussion results, the key factor 
for healthy evolution of high-tech service platform 
ecosystem lies in the formation of mutually beneficial 
relationship between populations. By constructing a high-
tech service platform ecosystem, the evolution path of this 
platform is investigated from a systematic level in this 
study, the coordinating ability of core platform to handle 

the relationship with population set is taken as an important 
influence factor of value creation, and then integration 
efficiency of innovation resources is effectively improved. 
In the meantime, it is obtained through the analysis of 
evolution trend of the high-tech service platform 
ecosystem that competition and cooperation between 
populations drive system evolution, so only when two 
restriction factors interest driving and ecological 
equilibrium in the high-tech service platform ecosystem 
are well coordinated can we extend space of ecological 
niches and realize symbiotic evolution.  

Therefore, to improve the overall collaborative service 
ability of the high-tech service platform ecosystem, on the 
one hand, the importance should be attached to labor 
division between populations, namely, population 
symbiosis should be realized through cooperation. On the 
other hand, the development environment should be 
optimized to construct benign competitive order between 
populations. The sustainable development of the high-tech 
service platform ecosystem can be realized by coordinating 
the relationship between population benefits and overall 
ecological equilibrium. 
 
5 CONCLUSION 
 

By establishing a collaborative evolution model 
between populations in the high-tech service platform 
ecosystem, a simulation analysis was carried out after the 
equilibrium points and stability conditions for the 
symbiotic evolution model were given, followed by an in-
depth discussion about the evolution process of the high-
tech service platform ecosystem. The conclusions can be 
drawn as follows:  

(1) The high-tech service platform ecosystem follows 
the evolution path of "bilateral platform → core platform 
→ platform ecosystem". The platform ecosystem phase is 
an advanced phase of the development of high-tech service 
platform, which improves the utilization efficiency of 
scientific and technological resources. 

(2) During the internal population evolution process of 
the high-tech service platform ecosystem, competition and 
cooperation between populations are internal driving 
forces for their evolution, and interdependence coefficient 
is a critical factor influencing system evolution.  

(3) The essence of evolution of the high-tech service 
platform ecosystem is a complex system of interaction 
between populations, and to maintain its healthy and 
sustainable development cannot be separated from 
symbiotic evolution between populations under their 
mutually beneficial relationship.  

The limitation of this study mainly lies in that only the 
evolution between populations was analyzed. However, 
the evolutionary development between communities is also 
important as a constituent of the high-tech service platform 
ecosystem, and this will also be our further explore 
direction so that the study on high-tech service platform 
ecosystem would become more comprehensive. 
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