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Abstract 

In the incentive mechanism of the logistics service supply chain, integrators neglect to 
encourage providers to improve their service capabilities, which is an important reason 
for poor incentive effects. In order to solve this problem, considering the multi-agent 
competitive relationship, the learning effect is taken as a factor affecting the 
improvement of the provider’s ability, and constructing a principal-agent model to study 
the impact of learning effects on the incentive mechanism of logistics service supply 
chains. The results show that the learning effect can urge providers to take more risks, 
improve their efforts level and service capabilities, and increase the integrator's 
expected income; the greater the degree of competition between providers, the more 
obvious the incentive effect brought by the learning effect. 
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1. Introduction 

The logistics service supply chain includes logistics customers, logistics service integrators, and 
logistics service providers. It takes the needs of logistics customers as the starting point, with 
logistics service integrators as the core, and realizes service value-added by integrating the 
logistics resources and logistics service capabilities of logistics service providers. This is of 
great significance to the logistics industry to reduce logistics costs and improve logistics 
efficiency. In order to better integrate logistics services and ensure that service providers 
complete service tasks efficiently, integrators sign various incentive contracts with providers. 
Thus, established the principal-agent relationship between the integrator and the provider. 

At present, most scholars use the principal-agent model to study the incentive problems of the 
logistics service supply chain. Gao Zhijun, Liu Wei, etc. (2012) used entrusted agent to design 
the customer's dual entrusted agent incentive model for the safety and quality of the logistics 
service supply chain to motivate integrators and providers to work hard in their respective 
tasks [1]. Lu Anwen, Jing Wenjun (2015) studied under the two-way moral hazard, the impact of 
customer service quality evaluation on the effort level of integrators and providers [2]. Ge 
Caihong, Ji Bifa (2018) explored the multi-task principal-agent cooperation mechanism of the 
logistics service supply chain, and proposed that the introduction of the supervision of 
integrators can effectively motivate service providers to work hard on various tasks [3]. Lu 
Anwen, Liu Jiaqi (2019) constructed a multi-task principal-agent model of information 
technology and information sharing to encourage providers to achieve logistics information 
technology standardization and strengthen information exchange [4]. The above-mentioned 
literatures are all discussing how integrators can motivate providers to improve their effort 
level. But in fact, the provider’s output is not only affected by the level of effort, but also related 
to its own capabilities [5]. For providers with the same degree of effort, the higher the ability, 
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the more output will be. However, there are still few researches on encourage improve the 
capabilities of providers in the logistics service supply chain. 

The learning effect is a common phenomenon in social production. Wright (1936) proposed the 
learning effect function for the first time by studying the impact of human behavior on the 
production efficiency of the aviation manufacturing industry [6]. Bai Qingguo, Xu Haoxian (2015) 
studied the dual-channel supply chain with learning behavior and pointed out that the learning 
effect can make the supply chain system obtain more profits [7]. Ma Guowang, Meng Weidong 
(2017) believe that the learning effect will improve the agent's ability and lead to a change in 
its utility function, which in turn affects the final incentive effect [8]. Because the learning effect 
includes the enterprise's digestion and absorption of advanced technology, as well as the 
optimization of operating procedures [9]. In the logistics service supply chain, the provider can 
improve the operation process by continuously familiarizing with the advanced technology and 
equipment in the agency process, and then improve the logistics ability. Therefore, it is feasible 
to construct a principal-agent model with learning effect as a factor that affects the ability of 
providers to improve. 

In summary, in the logistics service supply chain incentive research, there is a lack of incentives 
providers (agents) to improve their capabilities, thereby increasing the output of logistics 
services. The learning effect is an important factor that changes the agent's ability and affects 
the output. Therefore, adding the learning effect of the provider into the incentive mechanism 
is of great significance to the study of the incentive problem of the logistics service co-supply 
chain. In order to be more realistic, consider the existence of multiple providers (multi-agents). 

2. Model construction 

2.1. Model assumptions 

Assumption 1: The logistics service supply chain includes one integrator and two providers. 
The integrator is the principal, which is risk-neutral. The provider is an agent, showing a risk 
aversion type, that is 𝑢 = −𝑒−𝜌𝑤, where 𝜌 are the absolute risk aversion coefficient and 𝑤 is the 
actual income of the provider. 

Assumption 2: The ability of the provider is composed of two parts, one is the initial ability 
before the contract is signed, and the other is the capacity improvement obtained due to the 
learning effect during the agency process. The initial capability can be reflected by the 
enterprise scale, equipment technology, and personnel structure. The level of effort of the 
provider and the increase in capacity obtained due to the learning effect cannot be observed by 
the integrator. 

Assumption 3: Competitive relationship between providers. The expression of the competitive 
relationship between agents in Reference [10], that is, the provider’s service output function is 
𝜋𝑖 = 𝐸 + 𝑎𝑖 + 𝑒𝑖 + 𝑘[(𝑎𝑖 − 𝑎𝑗) + (𝑒𝑖 − 𝑒𝑗)] + 𝜃 . Among them, 𝐸  is the initial capability, 

assuming that the initial capability of the provider is equivalent; 𝑎 is the effort level; 𝑒 is the 
amount of ability improvement gained through learning; 𝑘 is the income transfer coefficient, 
which has the effect of reflecting the degree of competition; 𝜃 represents the market's random 
factors and obeys the normal distribution 𝑁(0, 𝛿2). This function indicates that the output of 
the agent is affected by the level of effort and learning of himself and other agents at the same 
time. If the level of effort or learning of other agents increases, part of the output will be 
transferred to other agents. In the same way, the service output function of another provider is 
𝜋𝑗 = 𝐸 + 𝑎𝑗 + 𝑒𝑗 + 𝑘[(𝑎𝑗 − 𝑎𝑖) + (𝑒𝑗 − 𝑒𝑖)] + 𝜃. 

Assumption 4: Integrators provide linear incentive contracts to providers𝑠𝑚 = 𝛼 + 𝛽𝜋𝑚(𝑚 =
𝑖, 𝑗) . Where 𝛼  is the fixed payment from the integrator to the provider; 𝛽  is the incentive 
coefficient, indicates that the economic remuneration paid by the integrator is positively 
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related to the service output of the provider. The greater the 𝛽, the greater the risk the provider 
bears, and 0 < 𝛽 < 1. 

Assumption 5: The provider’s effort cost function is 𝑐(𝑎𝑚) =
1

2
𝑏𝑎𝑚

2 (𝑚 = 𝑖, 𝑗); The learning cost 

function is 𝑐(𝑒𝑚) =
1

2
𝐵𝑒𝑚

2 (𝑚 = 𝑖, 𝑗). Among them, 𝑏(𝑏 > 0) is the effort cost coefficient; 𝐵(𝐵 >

0) is the learning cost coefficient. 

Assumption 6: The principal-agent relationship between the integrator and the provider 
includes two phases, the short-term and the long-term. Reference [11] research, In the first 
phase (recent), the provider introduces technical equipment, digests and absorbs, bears the 
corresponding learning costs, and cash out the proceeds at the end of the first phase (recent); 
At the beginning of the second period (future), the provider continues to enjoy the benefits of 
previous learning. In the same way, integrators can obtain additional revenue sharing due to 
the improvement of the provider's capabilities in the short term and in the long term. 

Assumption 7: The provider’s income includes short-term income and forward income. The 
recent income is the linear payment provided by the integrator in the current period 𝑠𝑚 = 𝛼 +
𝛽𝜋𝑚(𝑚 = 𝑖, 𝑗); The forward income is the discount value of the increase in forward income due 

to the improvement of capacity 
𝛽𝑒𝑚

1+𝛾
(𝑚 = 𝑖, 𝑗), Where 𝛾 is the discount rate. The income of the 

integrator comes from the output of the provider, including the short-term and long-term parts. 
The recent income is the current income minus the expenses paid to the provider; The forward 
income is the discount of the additional output added in the second period due to the 

improvement of the provider's ability 
(1−𝛽)𝑒𝑚

1+𝛾
(𝑚 = 𝑖, 𝑗). 

2.2. Model construction and solution 

2.2.1. Incentive model considering learning effect 

According to the above assumptions, the income of the integrator is the sum of the short-term 
income and the long-term income. Since integrator is risk-neutral, it expected benefits are: 

𝐸(𝑤) = (1 − 𝛽𝑖)[𝐸 + 𝑎𝑖 + 𝑒𝑖 + 𝑘(𝑎𝑖 + 𝑒𝑖 − 𝑎𝑗 − 𝑒𝑗)] 

+(1 − 𝛽𝑗)[𝐸 + 𝑎𝑗 + 𝑒𝑗 + 𝑘(𝑎𝑗 + 𝑒𝑗 − 𝑎𝑖 − 𝑒𝑖)] − 𝛼𝑖 − 𝛼𝑗 +
(1 − 𝛽𝑖)𝑒𝑖

1 + 𝛾
+

(1 − 𝛽𝑗)𝑒𝑗

1 + 𝛾
 

The provider’s income is the sum of short-term and long-term income. Since the provider is a 
risk aversion type, its expected return is: 

𝐸(𝑥𝑖) = 𝛼𝑖 + 𝛽𝑖[𝐸 + 𝑎𝑖 + 𝑒𝑖 + 𝑘(𝑎𝑖 + 𝑒𝑖 − 𝑎𝑗 − 𝑒𝑗)] +
𝛽𝑖𝑒𝑖

1+𝛾
−

𝑏𝑎𝑖
2

2
−

𝐵𝑒𝑖
2

2
−

𝜌𝛽𝑖
2𝛿2

2
; 

𝐸(𝑥𝑗) = 𝛼𝑗 + 𝛽𝑗[𝐸 + 𝑎𝑗 + 𝑒𝑗 + 𝑘(𝑎𝑗 + 𝑒𝑗 − 𝑎𝑖 − 𝑒𝑖)] +
𝛽𝑗𝑒𝑗

1+𝛾
−

𝑏𝑎𝑗
2

2
−

𝐵𝑒𝑗
2

2
−

𝜌𝛽𝑗
2𝛿2

2
. 

Among them, 𝜌 is the absolute risk aversion degree; 
𝜌𝛽𝑖

2𝛿2

2
, 

𝜌𝛽𝑗
2𝛿2

2
 are the risk cost of the agents; 

𝜌𝛿2 is the risk factor, which indicates the degree of risk aversion of the providers. Therefore, 
the logistics service supply chain incentive mechanism considering the learning effect is as 
follows: 

𝑚𝑎𝑥
𝛼,𝛽

𝐸(𝑤) = (1 − 𝛽𝑖)[𝐸 + 𝑎𝑖 + 𝑒𝑖 + 𝑘(𝑎𝑖 + 𝑒𝑖 − 𝑎𝑗 − 𝑒𝑗)] − 𝛼𝑖 +
(1 − 𝛽𝑖)𝑒𝑖

1 + 𝛾
 

+(1 − 𝛽𝑗)[𝐸 + 𝑎𝑗 + 𝑒𝑗 + 𝑘(𝑎𝑗 + 𝑒𝑗 − 𝑎𝑖 − 𝑒𝑖)] − 𝛼𝑗 +
(1−𝛽𝑗)𝑒𝑗

1+𝛾
                   (1) 

𝑠. 𝑡. 

max
𝑎𝑖,𝑒𝑖

𝐸(𝑥𝑖) = 𝛼𝑖 + 𝛽𝑖[𝐸 + 𝑎𝑖 + 𝑒𝑖 + 𝑘(𝑎𝑖 + 𝑒𝑖 − 𝑎𝑗 − 𝑒𝑗)] +
𝛽𝑖𝑒𝑖

1+𝛾
−

𝑏𝑎𝑖
2

2
−

𝐵𝑒𝑖
2

2
−

𝜌𝛽𝑖
2𝛿2

2
        (2) 
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𝑚𝑎𝑥
𝑎𝑗,𝑒𝑗

𝐸(𝑥𝑗) = 𝛼𝑗 + 𝛽𝑗[𝐸 + 𝑎𝑗 + 𝑒𝑗 + 𝑘(𝑎𝑗 + 𝑒𝑗 − 𝑎𝑖 − 𝑒𝑖)] +
𝛽𝑗𝑒𝑗

1+𝛾
−

𝑏𝑎𝑗
2

2
−

𝐵𝑒𝑗
2

2
−

𝜌𝛽𝑗
2𝛿2

2
        (3) 

𝛼𝑖 + 𝛽𝑖[𝐸 + 𝑎𝑖 + 𝑒𝑖 + 𝑘(𝑎𝑖 + 𝑒𝑖 − 𝑎𝑗 − 𝑒𝑗)] +
𝛽𝑖𝑒𝑖

1+𝛾
−

𝑏𝑎𝑖
2

2
−

𝐵𝑒𝑖
2

2
−

𝜌𝛽𝑖
2𝛿2

2
≥ 𝑥0               (4) 

𝛼𝑗 + 𝛽𝑗[𝐸 + 𝑎𝑗 + 𝑒𝑗 + 𝑘(𝑎𝑗 + 𝑒𝑗 − 𝑎𝑖 − 𝑒𝑖)] +
𝛽𝑗𝑒𝑗

1+𝛾
−

𝑏𝑎𝑗
2

2
−

𝐵𝑒𝑗
2

2
−

𝜌𝛽𝑗
2𝛿2

2
≥ 𝑥0               (5) 

Among them, formula (1) is the objective function, which means that the integrator can 
maximize the profit by designing different 𝛼  and 𝛽 ; Formulas (2) and (3) are incentive 
compatibility constraints, which indicate that the provider pursues the maximization of its own 
interests in the contract execution process and adopts different 𝑎 and 𝑒; Equations (4) and (5) 
are participation constraints, which means that the provider's income from participating in 
contract execution cannot be lower than its retained income 𝑥0. 

From the first-order conditions of equations (2) and (3), we get: 𝑎𝑖
∗ =

(1+𝑘)𝛽𝑖

𝑏
; 𝑎𝑗

∗ =
(1+𝑘)𝛽𝑗

𝑏
; 

𝑒𝑖
∗ =

[(1+𝑘)(1+𝛾)+1]𝛽𝑖

𝐵(1+𝛾)
; 𝑒𝑗

∗ =
[(1+𝑘)(1+𝛾)+1]𝛽𝑗

𝐵(1+𝛾)
. 

Take the equal sign to formula (4) and formula (5) respectively, and get the fixed payout 𝛼𝑖 , 

𝛼𝑗expressions, and bring them into the objective function, we can get: 

𝐸(𝜉) = 2𝐸 +
(1 + 𝑘)(𝛽𝑖 + 𝛽𝑗)

𝑏
+

[(1 + 𝑘)(1 + 𝛾) + 1](2 + 𝛾)(𝛽𝑖 + 𝛽𝑗)

𝐵(1 + 𝛾)2
−

(1 + 𝑘)2(𝛽𝑖
2 + 𝛽𝑗

2)

2𝑏
 

−
[(1 + 𝑘)(1 + 𝛾) + 1]2(𝛽𝑖

2 + 𝛽𝑗
2)

2𝐵(1 + 𝛾)2
−

𝜌𝛿2(𝛽𝑖
2 + 𝛽𝑗

2)

2
− 2𝑥0 

∂𝐸(𝜉)

∂𝛽𝑖
=

1 + 𝑘

𝑏
+

[(1 + 𝑘)(1 + 𝑏) + 1](2 + 𝛾)

𝐵(1 + 𝛾)2
−

(1 + 𝑘)2𝛽𝑖

𝑏
−

[(1 + 𝑘)(1 + 𝑏) + 1]2𝛽𝑖

𝐵(1 + 𝛾)2
− 𝜌𝛿2𝛽𝑖 = 0 

∂𝐸2(𝜉)

∂𝛽𝑖
2 = −

(1 + 𝑘)2

𝑏
−

[(1 + 𝑘)(1 + 𝛾) + 1]2

𝐵(1 + 𝛾)2
− 𝜌𝛿2 < 0 

Therefore, there is a maximum value for 𝐸(𝜉), and when 𝐸(𝜉) takes the maximum value, let 𝑟 =
1 + 𝛾, there are: 

𝛽𝑖
∗ = 𝛽𝑗

∗ =
𝐵(1+𝑘)𝑟2+𝑏[(1+𝑘)𝑟+1](1+𝑟)

𝐵(1+𝑘)2𝑟2+𝑏[(1+𝑘)𝑟+1]2+𝑏𝐵𝜌𝛿2𝑟2
                                        (6) 

Therefore: 

𝑎𝑖
∗ = 𝑎𝑗

∗ =
𝐵(1+𝑘)2𝑟2+𝑏[(1+𝑘)𝑟+1](1+𝑘)(1+𝑟)

𝑏𝐵(1+𝑘)2𝑟2+𝑏2[(1+𝑘)𝑟+1]2+𝑏2𝐵𝜌𝛿2𝑟2
                                    (7) 

𝑒𝑖
∗ = 𝑒𝑗

∗ =
𝐵(1+𝑘)[(1+𝑘)𝑟+1]𝑟2+𝑏[(1+𝑘)𝑟+1]2(1+𝑟)

𝐵2(1+𝑘)2𝑟3+𝑏𝐵𝑟[(1+𝑘)𝑟+1]2+𝑏𝐵2𝜌𝛿2𝑟3
                                  (8) 

From this, the expected utility of the integrator is: 

𝐸(𝑤)∗ =
[𝐵(1+𝑘)𝑟2+𝑏(𝑟+𝑘𝑟+1)(1+𝑟)]2

𝑏𝐵𝑟2[𝐵(1+𝑘)2𝑟2+𝑏(𝑟+𝑘𝑟+1)2+𝑏𝐵𝜌𝛿2𝑟2]
+ 2𝐸 − 2𝑥0                         (9) 

So far, the key value of the logistics service supply chain incentive mechanism considering the 
learning effect has been obtained: The integrator’s optimal revenue 𝐸(𝑤)∗ , revenue sharing 
coefficient 𝛽∗, And the provider's optimal effort level 𝑎∗ and optimal learning level (capacity 
improvement) 𝑒∗. In order to study the impact of learning effect on the incentive mechanism, 
the following will establish a logistics service supply chain incentive model that does not 
consider the learning effect. And compare and analyze with the incentive model considering the 
learning effect, and get the incentive effect of the learning effect. 
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2.2.2. Incentive model that does not consider learning effect 

When the provider does not have a learning effect, the provider’s ability remains unchanged 
during the principal-agent process, that is, the ability increase due to the learning effect is 0. 
Providers no longer enjoy the benefits brought about by the learning effect. The output function 
becomes 𝜋𝑖 = 𝐸 + 𝑎𝑖 + 𝑘(𝑎𝑖 − 𝑎𝑗) + 𝜃 and 𝜋𝑗 = 𝐸 + 𝑎𝑗 + 𝑘(𝑎𝑗 − 𝑎𝑖) + 𝜃. Since the provider is a 

risk aversion type, its deterministic equivalent income is: 

𝐸(𝑥𝑖) = 𝛼𝑖 + 𝛽𝑖[𝐸 + 𝑎𝑖 + 𝑘(𝑎𝑖 − 𝑎𝑗)] −
𝑏𝑎𝑖

2

2
−

𝜌𝛽𝑖
2𝛿2

2
; 

𝐸(𝑥𝑗) = 𝛼𝑗 + 𝛽𝑗[𝐸 + 𝑎𝑗 + 𝑘(𝑎𝑗 − 𝑎𝑖)] −
𝑏𝑎𝑗

2

2
−

𝜌𝛽𝑗
2𝛿2

2
. 

Since there is no learning effect, the integrator cannot obtain the additional income generated 
by the improvement of ability, that is, the income of the integrator is the current income minus 
the current cost. The integrator is risk-neutral, and its expected benefits are: 

𝐸(𝜉) = (1 − 𝛽𝑖)[𝐸 + 𝑎𝑖 + 𝑘(𝑎𝑖 − 𝑎𝑗)] + (1 − 𝛽𝑗)[𝐸 + 𝑎𝑗 + 𝑘(𝑎𝑗 − 𝑎𝑖)] − 𝛼𝑖 − 𝛼𝑗 

Therefore, the logistics service supply chain incentive mechanism that does not consider the 
learning effect is as follows: 

𝑚𝑎𝑥
𝛼,𝛽

𝐸(𝜉) = (1 − 𝛽𝑖)[𝐸 + 𝑎𝑖 + 𝑘(𝑎𝑖 − 𝑎𝑗)] + (1 − 𝛽𝑗)[𝐸 + 𝑎𝑗 + 𝑘(𝑎𝑗 − 𝑎𝑖)] − 𝛼𝑖 − 𝛼𝑗   (10) 

𝑠. 𝑡. 

max
𝑎𝑖

𝐸(𝑥𝑖) = 𝛼𝑖 + 𝛽𝑖[𝐸 + 𝑎𝑖 + 𝑘(𝑎𝑖 − 𝑎𝑗)] −
𝑏𝑎𝑖

2

2
−

𝜌𝛽𝑖
2𝛿2

2
                               (11) 

𝑚𝑎𝑥
𝑎𝑗

𝐸(𝑥𝑗) = 𝛼𝑗 + 𝛽𝑗[𝐸 + 𝑎𝑗 + 𝑘(𝑎𝑗 − 𝑎𝑖)] −
𝑏𝑎𝑗

2

2
−

𝜌𝛽𝑗
2𝛿2

2
                              (12) 

𝛼𝑖 + 𝛽𝑖[𝐸 + 𝑎𝑖 + 𝑘(𝑎𝑖 − 𝑎𝑗)] −
𝑏𝑎𝑖

2

2
−

𝜌𝛽𝑖
2𝛿2

2
≥ 𝑥0                                     (13) 

𝛼𝑗 + 𝛽𝑗[𝐸 + 𝑎𝑗 + 𝑘(𝑎𝑗 − 𝑎𝑖)] −
𝑏𝑎𝑗

2

2
−

𝜌𝛽𝑗
2𝛿2

2
≥ 𝑥0                                     (14) 

Using the previous solution method, we can get: 

𝛽𝑖
∗∗ = 𝛽𝑗

∗∗ =
1+𝑘

(1+𝑘)2+𝑏𝜌𝛿2
                                                      (15) 

𝑎𝑖
∗∗ = 𝑎𝑗

∗∗ =
(1+𝑘)2

𝑏(1+𝑘)2+𝑏2𝜌𝛿2
                                                    (16) 

𝐸(𝑤)∗∗ = 2𝐸 +
(1+𝑘)2

𝑏(1+𝑘)2+𝑏2𝜌𝛿2
− 2𝑥0                                         (17) 

Because the expressions of parameters 𝛽𝑖  and 𝛽𝑗 , 𝑎𝑖  and 𝑎𝑗 , 𝑒𝑖  and 𝑒𝑗  are the same, the 

subscripts are omitted in the formula, which will not affect the analysis later. So far, the key 
values of the incentive mechanism that consider learning effects and those that do not consider 
learning effects have been obtained respectively. Next, we will combine numerical simulation 
to analyze the influence of learning effect on the incentive mechanism of logistics service supply 
chain. 

3. Analysis of model results 

3.1. Logistics service provider 

3.1.1. Ability of logistics service providers 

From formula (8), it can be seen that the provider’s ability to improve due to the learning effect 
is: 𝛥𝑒 = 𝑒∗ > 0. This leads to conclusion one. 

Conclusion 1: After considering the learning effect of the provider for incentives, the ability of 
the provider is improved. This conclusion shows that the learning effect is an effective way to 
motivate providers to improve their capabilities. And the improvement of ability is conducive 
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to improving the efficiency of logistics operations, improving the quality of logistics services, 
and increasing the competitiveness of the logistics service supply chain. Therefore, in the case 
of long-term cooperation between logistics service supply chain integrators and providers, In 
order to avoid a situation where the supplier is willing to be content and not enterprising, 
making the supply chain uncompetitive, Integrators can add learning effects to the incentive 
mechanism to encourage providers to learn actively, thereby improving the competitiveness of 
the supply chain. 

3.1.2. The level of effort of the provider 

1. Analysis of relevant indicators of effort level 

It can be seen from 𝑎 
∗ =

𝐵(1+𝑘)2𝑟2+𝑏[(1+𝑘)𝑟+1](1+𝑘)(1+𝑟)

𝑏𝐵(1+𝑘)2𝑟2+𝑏2[(1+𝑘)𝑟+1]2+𝑏2𝐵𝜌𝛿2𝑟2 and 𝑎 
∗∗ =

(1+𝑘)2

𝑏(1+𝑘)2+𝑏2𝜌𝛿2 that 

the provider’s effort level (𝑎) is negatively correlated with the effort cost (𝑏) and the risk factor 
(𝜌𝜎2). Find the first-order partial derivative of the degree of competition (𝑘) from 𝑎 

∗and 𝑎 
∗∗, 

having 
𝜕𝑎

𝜕𝑘
> 0. This leads to conclusion two.  

Conclusion 2: The level of effort of a provider is positively correlated with the intensity of 
competition, and negatively correlated with its effort cost and risk aversion degree. That is, the 
fiercer the competition among providers, the higher their level of effort; The higher the cost of 
the provider’s effort and the greater the degree of risk aversion, the lower the level of effort. 

This conclusion shows that regardless of whether the learning effect is considered, the 
enthusiasm of the provider to work hard will be affected by the degree of competition, effort 
cost and risk aversion. For integrators, they should try their best to choose providers with high 
competition and low risk aversion. Because such providers will be willing to put in more effort, 
which is conducive to increase the output of logistics services. 

2. The influence of learning effect on effort level 

From equation (7) minus equation (16), we get:  

𝛥𝑎 =
(1+𝑘)(𝑟+𝑘𝑟+1)[𝑘+𝑘2+(1+𝑟)𝑏𝜌𝛿2]

[𝐵(1+𝑘)2𝑟2+𝑏(𝑟+𝑘𝑟+1)2+𝑏𝐵𝜌𝛿2][(1+𝑘)2+𝑏𝜌𝛿2]
> 0. This leads to conclusion three. 

Conclusion 3: Compared with not considering the learning effect, the provider's effort level is 
improved after considering the learning effect. 

This conclusion shows that the incentive mechanism that considers the learning effect is 
another effective way to motivate providers to work hard. The significance is that the provider 
can improve its technical level, fully utilize the equipment, and improve the operation process 
through learning. As the ability has been improved, it has a higher work enthusiasm. Therefore, 
the integrator should appropriately motivate the provider's learning effect to further 
encourage the provider to produce positively. 

3.1.3. Incentive coefficient 

1. Analysis of relevant indicators of incentive coefficient 

It can be directly seen from 𝛽 
∗ =

𝐵(1+𝑘)𝑟2+𝑏[(1+𝑘)𝑟+1](1+𝑟)

𝐵(1+𝑘)2𝑟2+𝑏[(1+𝑘)𝑟+1]2+𝑏𝐵𝜌𝛿2𝑟2
 and 𝛽 

∗∗ =
1+𝑘

(1+𝑘)2+𝑏𝜌𝛿2 

that the risk factor (𝜌𝜎2) is negatively correlated with the benefit sharing coefficient (𝛽). Find 

the first-order partial derivative of the degree of competition (𝑘) for 𝛽 
∗, and get 

𝜕𝛽∗

𝜕𝑘
< 0. Get in 

the same way, we can get 
𝜕𝛽**

𝜕𝑘
=

𝑏𝜌𝛿2−(1+𝑘)2

[(1+𝑘2)+𝑏𝜌𝛿2]2
, when 𝑏𝜌𝛿2 > (1 + 𝑘)2 , 

𝜕𝛽**

𝜕𝑘
> 0 ; when 

𝑏𝜌𝛿2 = (1 + 𝑘)2,
𝜕𝛽**

𝜕𝑘
= 0. When 𝑏𝜌𝛿2 < (1 + 𝑘)2, 

𝜕𝛽**

𝜕𝑘
< 0. This leads to conclusion four. 

Conclusion 4: The incentive coefficient decreases as the provider's risk aversion degree 
increases. The learning effect will change the tendency of the incentive coefficient to change 
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with the intensity of competition. Without considering the learning effect, the incentive 
coefficient first increases and then decreases as the degree of competition increases; 
Considering the learning effect, the incentive coefficient decreases unidirectionally as the 
degree of competition increases. 

Because the incentive coefficient reflects the provider's willingness to take risks to a certain 
extent. This conclusion shows that providers with a high degree of risk aversion and a high 
degree of competition are willing to take lower risks. If integrators want providers to take more 
risks, they should try their best to choose providers with low risk aversion or low competition. 
In addition, the incentive mechanism that considers the learning effect can simplify the 
provision of incentive coefficients. For providers with a high degree of competition, it is only 
necessary to appropriately reduce the incentive coefficient. 

2. Analysis of the influence on the incentive coefficient after considering the learning effect 

From equation (6) minus equation (15), we get: 

𝛥𝛽 =
𝑏(𝑟+𝑘𝑟+1)[𝑘+𝑘2+(1+𝑟)𝑏𝜌𝛿2]

[𝐵(1+𝑘)2𝑟2+𝑏(𝑟+𝑘𝑟+1)2+𝑏𝐵𝜌𝛿2𝑟2][(1+𝑘)2+𝑏𝜌𝛿2]
> 0 , Find the first-order partial 

derivative of the degree of competition (𝑘), and get 
𝜕(𝛥𝛽)

𝜕𝑘
< 0. This leads to conclusion five. 

Conclusion 5: After adding the learning effect, the incentive coefficient increases, but the 
increased incentive coefficient decreases as the degree of competition increases. 

Conclusion 5 shows that after considering the learning effect, the provider is willing to take 
more risks, but as the degree of competition increases, the provider’s willingness to take risks 
will gradually weaken. Therefore, for the incentive mechanism that considers the learning 
effect, the integrator can appropriately allow the provider to take more risks under the 
condition of ensuring the maximum return. 

3.2. Logistics Service Integrator 

3.2.1. Analysis of relevant indicators of expected benefits of integrators 

From Equation 𝐸(𝑤)∗ =
[𝐵(1+𝑘)𝑟2+𝑏(𝑟+𝑘𝑟+1)(1+𝑟)]2

𝑏𝐵𝑟2[𝐵(1+𝑘)2𝑟2+𝑏(𝑟+𝑘𝑟+1)2+𝑏𝐵𝜌𝛿2𝑟2]
+ 2𝐸 − 2𝑥0  and Equation 

𝐸(𝑤)∗∗ = 2𝐸 +
(1+𝑘)2

𝑏(1+𝑘)2+𝑏2𝜌𝛿2
− 2𝑥0 , it can be seen that the expected return of the 

integrator 𝐸(𝑤) is negatively related to the provider's effort cost (𝑏) and risk factor (𝜌𝜎2), and 
positively related to the provider's initial capability ( )E . Find the first-order partial derivative 

of the degree of competition (𝑘)  from 𝐸(𝑤)∗ and 𝐸(𝑤)∗∗ , having 
𝜕𝐸(𝑤)

𝜕𝑘
> 0 .This leads to 

conclusion six. 

Conclusion 6: The expected benefit of the integrator decreases with the increase of the 
provider's effort cost and risk aversion, and increases with the increase of the provider's initial 
capability and degree of competition. 

This conclusion shows that regardless of whether the learning effect is considered, in order to 
obtain higher expected benefits, integrators should choose providers with low risk aversion, 
strong initial strength, and strong cross-cutting and competitive business. 

3.2.2. The impact of learning effect on the expected benefit of integrator 

From equation (9) minus equation (17), we get 
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Find the first-order partial derivative of the degree of competition (𝑘), and get 
𝜕(𝛥𝐸)

𝜕𝑘
> 0. This 

leads to conclusion seven. 

Conclusion Seven: When the provider has a learning effect, the integrator will obtain a higher 
expected return, and the increased expected return will increase with the increase in the degree 
of competition among the providers. 

This conclusion explains the reason why some integrators currently provide technical support 
to providers, the purpose of which is to increase the logistics service output of the providers by 
improving the logistics service capabilities of the providers, so as to obtain more benefits. In 
addition, this conclusion is of great enlightening significance for integrators. If the integrator 
chooses to incentivize the learning effect of the provider, it will gain additional benefits, and if 
the integrator chooses a provider with strong cross-cutting and competitive service capabilities, 
it will Makes the motivation effect of the learning effect better. 

4. Simulation analysis 

Based on the solution analysis of the model, using MATLAB software to simulate the provider’s 
effort level, ability, incentive coefficient and the integrator’s expected return. Analyze the 
influence of the degree of competition (𝑘) among providers on the effect of incentives. In order 
to facilitate the analysis, the relevant parameters are assigned, and the specific conditions are 
shown in Table 1. 

 

Table 1 Related parameters and their values 
parameter 𝑏 𝐵 𝜌𝜎2 𝐸 𝑥0 𝑟 𝑘 

Numerical value 1 1 2 2 2 1.1 0.1.….10 

 

Bring the parameters into MATLAB software for simulation, and the simulation results are 
shown in Figure 1 to Figure 3. 

 
Figure 1. The influence of the degree of competition (𝑘) on the provider's effort level and 

ability 
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It can be seen from Figure 1 that when the learning effect is not considered, the provider's 
ability is a fixed value, which is not affected by the fierce competition. After considering the 
learning effect, the provider's ability has been significantly improved. Regardless of whether 
the learning effect is considered, the provider’s level of effort increases with the increase in the 
degree of competition. After considering the learning effect, the provider’s level of effort 
increases significantly. The above verifies conclusion one, conclusion two and conclusion three 
very well. Therefore, the integrator considers the learning effect of the provider when 
formulating the incentive contract, which is conducive to motivating the provider to work hard 
and learn actively, which has a positive effect on improving the efficiency of logistics operation 
and the competitiveness of the logistics service supply chain. 

 
Figure 2. The influence of the degree of competition (𝑘) on the incentive coefficient 

 
Figure 3. The influence of the degree of competition (𝑘) on the expected return of the 

integrator 
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It can be seen from Figure 2 that when the learning effect is not considered, the incentive 
coefficient first rises and then decreases with the increase of the degree of competition, while 
the incentive coefficient after considering the learning effect decreases monotonically with the 
increase of the competition degree. Compared with not considering the learning effect, after 
considering the learning effect, the incentive coefficient increases significantly, and the 
increased value decreases monotonously with the increase of the degree of competition, which 
verifies the fifth conclusion. Since the incentive coefficient reflects the agent’s willingness to 
take risks to a certain extent, the integrator should appropriately increase the provider’s risk 
apportionment when adopting an incentive mechanism that considers the learning effect, but 
it should appropriately reduce the provider’s risk apportionment for highly competitive 
providers.  

It can be seen from Figure 3 that regardless of whether the learning effect is considered, the 
income of the integrator increases as the degree of competition increases. After considering the 
learning effect, the expected income of the integrator increases significantly, and the increased 
value also increases with the increase in the degree of competition. This has greater 
enlightening significance for integrator. If the integrator considers the learning effect of the 
provider in the designed incentive contract, it will bring additional benefits to the integrator; 
In addition, if integrators want the learning effect to bring more additional benefits, they should 
choose providers with greater cross-cutting and competitive business as much as possible in 
the selection of providers. Therefore, the incentive mechanism that considers the learning 
effect is an important way to increase the expected benefits of the integrator. In the long-term 
logistics service cooperation, the integrator should not only encourage the provider to work 
hard, but also encourage the provider to continuously improve the logistics service capability. 

5. Conclusion 

In the logistics service supply chain, the integrator can effectively integrate the capabilities of 
the provider. The key is that the integrator can provide the provider with a reasonable incentive 
mechanism. Most of the current research on incentive mechanism ignores the incentive 
research on the provider’s capabilities. Therefore, the learning effect is taken as a factor that 
affects the improvement of the provider’s capabilities, combined with the multi-agent 
competition in the logistics service supply chain. Considering the influence of the provider's 
effort level and learning level on logistics output, a principal-agent model considering the 
learning effect is established, and the model results are compared and analyzed with the model 
results without learning effects. The results show that the learning effect can effectively 
improve the provider’s level of effort and learning, increase the provider’s willingness to take 
risks, and promote the increase of the integrator’s expected return; The increase in the level of 
learning and effort of the provider is positively correlated with the degree of competition, and 
the increase in willingness to take risks is negatively correlated with the degree of competition; 
The increase in expected revenue of integrators is positively correlated with the degree of 
competition among providers, that is, the more incentive the competition between providers is, 
the more obvious the incentive effect brought by the learning effect. This study provides a 
reference for integrators in the logistics service supply chain to design efficient incentive 
contracts. 
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