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Abstract
Purpose – The division of labor of e-commerce transaction system is an important research topic. However,
there is a certain disparity between the current mainstream research model and the reality, which leads to a
biased result. This paper aims to ﬁnd the effects of transaction efﬁciency on the evolution of e-commerce
transaction system’s division of labor and the relationships between the results and other parameters.
Design/methodology/approach – This paper puts forward a deﬁnition of transaction efﬁciency based
on transaction services and establishes a model of middleman’s specialized production decision of transaction
services on this basis.
Findings – The research results show that the transaction efﬁciency plays an important role on the change
of middlemen’s division of labor level. The degree of economic specialization, price of commodities and
transaction services and other associated factors also affect middlemen’s division of labor.
Originality/value – This paper is of great signiﬁcance for evaluating the development level and forecast
the development direction of e-commerce.
Keywords Simulation, E-commerce, Optimization model, Division of labor, Transaction efﬁciency
Paper type Research paper

1. Introduction
In recent years, with the deepening application of information technology, e-commerce
became a more important role in the world economic system and gradually became the new
economic growth of many countries. At present, there are many different kinds of models of
e-commerce, and the corresponding transaction system structures are also varied. In
addition to the producers and consumers, the third-party transaction platforms, logistics
service providers, payment middlemen are also important in these e-commerce models.
They provide commodity circulation services to realize the trade of commodities, and we call
them middlemen. Different kinds of middlemen constitute the e-commerce transaction
systems (Figure 1).
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Middlemen could be divided into two types. The ﬁrst type of middlemen does not
have the ownership of commodities. They provide transaction services and earn a proﬁt
by selling the services to others, such as e-commerce platforms providing information
services, logistics companies providing logistics services, banks and other payment
companies providing payment services and so on. The second type of middlemen have
the ownership of commodities and earn a proﬁt by selling the commodities to others.
They organize the transaction themselves and use the information services, logistics
services and payment services provided by the ﬁrst type of middlemen to ﬁnish the
transaction. Chandler (1978) called the former commission middlemen and the latter
markup middlemen.
This makes us curious about the evolution of the division of labor in e-commerce
transaction system. How many types of middlemen would exist in the future? What services
would they provide? We study the decisions of middlemen about the division of labor in ecommerce transaction system to solve these problems in this paper.
The study on the division of labor started in eighteenth century. Smith (2015) put
forward the origin of the division of labor in an Inquiry into the Nature and Causes of the
Wealth of Nations. He believed that different producers have different production
efﬁciencies to produce different products, which forms the absolute advantages of
producers. Producers would produce the products in which they have an absolute
advantage, thus the division of labor appears. Ricardo (1913) proposed the theory of
comparative advantage. He thought absolute advantage is not the necessary condition for
trade. Producers could just produce the commodities with more advantages than other
commodities to beneﬁt from the division of labor and trade. Heckscher and Ohlin came up
with Heckscher–Ohlin Theorem (Krugman, 2008). They thought the differences between the
abundance and the price of production factors in different countries lead to different prices
of commodities before trade, resulting in the generation of division of labor and trade
between different countries. Yang (2003) deemed that the level of the division of labor is
determined by the conﬂict between incomes and transaction costs brought by the division of
labor. As long as the increased beneﬁts outweigh the transaction costs, the level of division
of labor will improve.
In this paper, transaction efﬁciency is regarded as the dynamic of the evolution of
specialized production in e-commerce transaction system.
2. Transaction eﬃciency
2.1 An overview of transaction costs and transaction eﬃciency
Transaction efﬁciency is evolved from transaction costs. The idea of transaction costs
was ﬁrst come up with by Coase (1937). He thought transaction costs include the cost of

Figure 1.
The structure of
transaction systems

discovering what the relevant prices are and the costs of negotiating and concluding a
separate contract for each exchange transaction which takes place on a market.
Williamson (1977) developed transaction costs theory based on Coase’s work. He
proposed three key concepts in transaction cost theory: assets speciﬁcity in the
technical issues, bounded rationality hypothesis about the human nature and
opportunism on the behavior aspect to explain what causes transaction costs. Up till
now, researchers’ views about transaction costs are not uniﬁed. Different researchers
came up with different deﬁnitions of transaction costs from different perspectives. The
transaction cost is a comprehensive concept, which makes it difﬁcult to quantify when
analyzing economic problems. In this background, the economists represented by Yang
(2003) put forward the concept of transaction efﬁciency.
Yang used Samuelson’s Iceberg Transport Cost model to deﬁnite transaction efﬁciency.
When a buyer purchases 1 unit of product, he can only get k unit of product, where 1k unit
of product melts as ice during transaction process. The 1k unit of product could be called
transaction costs, which include the costs of transportation, implementation of transaction,
storage, payment and so on. Thus, k could be considered as the transaction efﬁciency. Sheng
(1992) deﬁned transaction efﬁciency – the ratio of transaction gains and transaction
expenses. Ma (2014) believed transaction efﬁciency refers to the volume or number of
transactions implemented when inputting certain transaction essential factors in the
constraints of existing system and other technical conditions. Gao (2007) thought
transaction efﬁciency is the contrast between the revenue of division of labor and
transaction costs.
2.2 Transaction eﬃciency based on essential services quantity
The above deﬁnitions of transaction efﬁciency are all associated with prices and costs of
commodities. Although the transaction efﬁciency is related to the characters of commodities,
making such an idea could express the level of transaction to some extent, and there are still
some problems. The prices of commodities are inﬂuenced by supply and demand in the
market. For one kind of commodities, the price changes in different periods, and the
transaction efﬁciency should change at the same time. However, the transaction efﬁciency of
one kind of commodities does not change, which leads to a contradiction. Therefore,
transaction efﬁciency should be measured by the quantity of transaction services instead of
the price of transaction services.
To deﬁne transaction efﬁciency, we put forward to a concept, which is essential services
quantity.
Deﬁnition 2.1. Essential services quantity is the quantity of services need to use when
completing a transaction.
Essential services quantity is a real number no less than 1.
Based on the deﬁnition of essential services quantity, we deﬁne transaction efﬁciency as
follows.
Deﬁnition 2.2. Transaction efﬁciency is the reciprocal of essential services quantity.
Let s be essential services quantity and k be transaction efﬁciency, then we have:
k¼
Because s ≥ 1, we have 0 < k # 1, i.e.:

1
s

k 2 ½0; 1

(1)
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3. Model building
3.1 Problem description
In this paper, we study the decision problem about the production and trade of transaction
services of a middleman with constant resources. Assume there is one kind of commodity
trade in the market. The supply of commodity is unlimited. To complete a transaction, there
are four kinds of transaction services needed: organizing transaction services, information
services, logistics services and payment services. The quantities demanded of the services
above are the same in a transaction, i.e. the ratio is 1:1:1:1.
A middleman chooses one to four kinds of transaction services to provide. If a
middleman wants to sell the commodities as a distribution middleman, he has to produce
organizing transaction services which are not allowed to trade. The quantity of the
commodities sold by a middleman depends only on the quantity of organizing transaction
services produced by the middleman. However, information services, logistics services and
payment services are allowed to trade. When a middleman sells commodities, he should
ensure the quantity of information services, logistics services and payment services are no
less than one of the organizing transaction services. Thus, if any kind of the three kinds of
services above produced by the middleman are less than the organization transaction
services, he has to buy the corresponding kind of services to meet the requirements. On the
contrary, if any of the three kinds of services above produced by the middleman is more
than the organization transaction services, he could sell the surpluses.
3.2 Model
Let w, x, y and z be the production of organizing transaction services, information services,
logistics services and payment services, respectively. The production functions of
transaction services are as follows:
w ¼ lwa x ¼ lxb y ¼ lyc z ¼ lzd

(2)

where a, b, c and d are the degree of specialization economy of organizing transaction
services, information services, logistics services and payment services, respectively. We
believe that there are increasing returns to scale in the production of transaction services.
Thus, we have:
a>1 b>1 c>1 d>1

(3)

Let li 2 ½0; 1ði ¼ w; x; y; zÞ be the resource used to produce the service i. We think the total
resource of a middleman is constant, and we let it be 10, so we have:
lw þ lx þ ly þ lz # 10

(4)

Let N be the quantity of commodity sold by a middleman, then:
N¼

w
¼ wk
s

(5)

where s is essential services quantity, and k is transaction efﬁciency.
If i > w (i = x, y, z), the middleman has i  w units of transaction services to sell. If i <
w (i = x, y, z), the middleman has to buy w  i units of transaction services. The proﬁt
function is:

P ¼ pg N þ px ðx  wÞ þ py ð y  wÞ þ pz ð z  wÞ

(6)

where pc, px, py and pz are the prices of commodity, information services, logistics services
and payment services, respectively.
The optimal specialized production mode decision problems of a middleman are as
follows:
max P ¼ pg N þ px ðx  wÞ þ py ð y  wÞ þ pz ð z  wÞ

(7)

8
a
b
>
>
> x ¼ lx ; y ¼ ly
>
>
c
< z ¼ lz ; w ¼ lwd
s:t:
lx þ ly þ lz þ lw # 10
>
>
>
N ¼ wk
>
>
:0 # k # 1

(8)

To simplify the model, we think that the degree of specialization economy of information
service, payment service and logistics service economy are the same, i.e.:
a¼b¼c¼ d

(9)

Thus, the decision problem could be rewritten as follows:
max P ¼ pg N þ px ðx  wÞ þ py ð y  wÞ þ pz ð z  wÞ

(10)

8
x ¼ lxa ; y ¼ lya
>
>
>
>
z
< ¼ lza ; w ¼ lwa
s:t:
lx þ ly þ lz þ lw # 10
>
>
N ¼ wk
>
>
:
0#k#1

(11)

4. Simulation and analysis
We consider a transaction system with 100 middlemen. Every middleman has to decide how
much resource should be distributed to four kinds of services. The prices of commodities,
information services, logistics services and payment services are determined by the
relationships between supplies and demands of the services in the system. The higher the
supply is, the lower the price is. The higher the demand is, the higher the price is. The price
functions of commodity are as follows:
pg ¼ gg  hg Nt

(12)

The price functions of transaction services are as follows:
pi ¼ gi  hi ðits  itd Þ ; i ¼ x; y; z

(13)

where Nt is the total quantity of commodities sold in the system, its (i = x, y, z) is the total supply
of service i in the system and itd (i = x, y, z) is the total demand of service i in the system.
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To simplify the model, we think that the price functions of information services, logistics
services and payment services are the same. The gradients of transaction services price
functions and commodity price function are the same, i.e.:
gx ¼ gy ¼ gz

(14)

hx ¼ hy ¼ hz ¼ hw

(15)

The rules of simulation:
If the total supply its (i = x, y, z) of service i is less than the total demand itd (i = x, y, z), then
every demander can get itsimd/itd, where imd (i = x, y, z) is the demand of the middleman.
If the total supply its (i = x, y, z) of service i is more than the total demand itd (i = x, y, z),
then every supplier can sell itd ims/its, where ims (i = x, y, z) is the supply of the middleman.
The quantity of commodities sold by a middleman is determined by the minimum
service.
When every circulation ends, every middleman decreases a constant quantity of resource
used to produce the service with the minimum proﬁt and use the resource to produce the
service with the maximum price.
The promotion of transaction efﬁciency is the dynamic of middlemen’s specialized
production evolution. And other parameters of the model have different effects on the
evolution.
We use the uncorrected sample standard deviation of the resource used to produce four
kinds of services to measure the levels of division of labor. A higher sample standard
deviation means a higher level of division of labor.
4.1 The eﬀect of degree of economic specialization
The degree of economic specialization reﬂects the middlemen’ production level of
transaction services. Take the other parameters as follows:
Commodity equilibrium price e = 1000
Transaction services equilibrium price g = 500
Price gradient h = 1
Different degrees of economic specialization’s effects on the distribution of middlemen’s
resource are shown from Figure 2 to Figure 4, and the uncorrected sample standard
deviations of the resource are shown in Figure 5.
Through the above results, we can see that with the improvement of transaction
efﬁciency, the level of division of labor ﬁrst ascends and then descends. Because the
improvement of transaction efﬁciency decreases the costs of buying transaction
services, which makes middlemen are able to put more resource to produce the service
with highest proﬁt. However, with the further improvement of transaction efﬁciency,
there is no need to buy service from the market for middlemen. The services they
produce themselves can satisfy their demand. Thus, the level of division of labor
descends.
With the higher degree of economic specialization, the level of the division of labor is
lower. With the high degree of economic specialization, middlemen’s production capacity is
much greater than the demand of the market. Thus, there is no need for middlemen to
specialize in the production.
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Figure 2.
Degree of economic
specialization a = 3

Figure 3.
Degree of economic
specialization a = 2

4.2 The eﬀect of price gradient
The price gradient reﬂects the level of the price affected by the supply and demand. Take
the other parameters as follows:
Degree of economic specialization a = 3
Commodity equilibrium price e = 2000
Transaction services equilibrium price g = 500
Different price gradients’ effects on the distribution of middlemen’s resource are shown from
Figures 6 to 8, and the uncorrected sample standard deviations of the resource are shown in
Figure 9.
Through the above results, we can see that with the improvement of transaction
efﬁciency, the level of division of labor ﬁrst ascends, then descends and ﬁnally ascends
again. Because the improvement of transaction efﬁciency decreases the costs of buying
transaction services, which makes middlemen are able to put more resource to produce
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Figure 4.
Degree of economic
specialization a = 1.5

Figure 5.
Uncorrected sample
standard deviations

the service with highest proﬁt. However, with the further improvement of transaction
efﬁciency, there is no need to buy service from the market for middlemen. The services
they produced themselves can satisfy their demands. Thus, the level of division of labor
descends. When transaction efﬁciency reaches a higher value, a higher price gradient
makes middlemen to start specialized product again that can help them make more
proﬁt.
With low price gradient, middlemen’s specialized production level is higher. The
service price is not affected much by production. The mass production led by
specialization still can make middlemen maintain a higher level of proﬁt. On the
contrary, with high price gradient, middlemen’s specialized production level reduces.
Because the mass production leads to the unit price’s fall, the overall proﬁts reduce. At
the same time, middlemen’s demand of other services increase, leading to the rising of
other services’ price as well as the costs of middlemen in purchasing other services.
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Figure 6.
Price gradient h = 1

Figure 7.
Price gradient h = 2

4.3 The eﬀect of relative equilibrium price
Relative equilibrium prices refer to the ratio of goods equilibrium price and transaction services
equilibrium price e/g. Here, we ﬁx services equilibrium price and change commodity price to
change the relative equilibrium price. Take the other parameters as follows:
Degree of specialization economy a = 3
Price gradient h = 2
Transaction services equilibrium price g = 500
Different relative equilibrium prices’ effects on the distribution of middlemen’s resource are
shown from Figures 10 to 12, and the uncorrected sample standard deviations of the
resource are shown in Figure 13.
Through the above results, we can see that with the improvement of transaction
efﬁciency, the level of division of labor ﬁrst ascends, then descends and ﬁnally ascends
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Figure 8.
Price gradient h = 3

Figure 9.
Uncorrected sample
standard deviations

again. The improvement of transaction efﬁciency decreases the costs of buying
transaction services, which makes middlemen able to put more resource to produce the
service with highest proﬁt. However, with the further improvement of transaction
efﬁciency, there is no need to buy service from the market for middlemen. The services
they produce themselves can satisfy their demand. Thus, the level of division of labor
descends. When transaction efﬁciency reaches a higher value, a lower commodity
equilibrium price makes middlemen to start specialized product again for that can help
them make more proﬁt.
The higher relative equilibrium price makes the proﬁt of selling commodities greater
than that of selling transaction services. There is a re-improvement of division of labor level
with lower relative equilibrium price because the transaction services they produce
themselves satisfy their need to sell commodities, and they decide to sell more transaction
services to make more money.
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Figure 10.
Commodity
equilibrium price
e = 1,000

Figure 11.
Commodity
equilibrium price
e = 2,000

5. Conclusion
In this paper, according to the characteristics of the transaction system, we put forward the
concept of essential services quantity and come up with a new deﬁnition of transaction
efﬁciency. On this basis, we set up a decision model of middlemen’s transaction services
specialized production. Meanwhile we consider the inﬂuence of services’ total supply and
demand in the market on the prices, which makes the model more real. We simulate the
middlemen’s decisions to explore the effect of transaction efﬁciency on middlemen’s division
of labor and the effect of the degree of specialization economy, the price gradient and the
relative equilibrium price on the results.
The results show that with the improvement of transaction efﬁciency, the level of
division of labor ﬁrst ascends, then descends and may ﬁnally ascends again. The
improvement of transaction efﬁciency decreases the costs of buying transaction services,
which makes middlemen able to put more resource to produce the service with highest
proﬁt. However, with the further improvement of transaction efﬁciency, there is no need to
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Figure 12.
Commodity
equilibrium price
e = 3,000

Figure 13.
Uncorrected sample
standard deviations

buy service from the market for middlemen. The services they produce themselves can
satisfy their demand. Thus, the level of division of labor descends. When transaction
efﬁciency reaches a higher value, a lower commodity equilibrium price or a higher price
gradient may make middlemen to start specialized product again for that can help them
make more proﬁt.
This research provides a theoretical basis for the evolution of e-commerce transaction
system. In the future, the division of labor’s level of e-commerce system will ﬂuctuate. Ecommerce middlemen will explore the diversiﬁed production models combined with the market
situation. The future e-commerce model will be a balance of specialization and diversiﬁcation.
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