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Abstract:

With development of 5G, information economy era marked by IoT has come rapidly and it is
the objective always pursued by logistics industry to improve informatization level. During
the process of logistics informatization, all levels of governments and enterprises have taken
construction of public logistics information level as the main direction of logistics
informatization investment. How to build a set of effective information incentive mechanism
Is the joint pursuit of many logistics information platform administrators. On the basis of
principal-agent model, information incentive mechanism is designed in the Paper. At the same
time, necessary analysis of information incentive factors is carried out. The research indicates
that, with traditional incentive measures, logistics information platform administrators can
better stimulate logistics information providers and improve precision of logistics information
by virtue of information incentive measures; during the process of informatization, logistics
information platform administrators also need to build a supervision system on the basis of
certain punitive measures.

Keywords: Logistics informatization; Principal-agent model; Information incentive

I. INTRODUCTION

With development of 5G technology, information economy era marked by 10T has come
rapidly and the state has made more efforts in investment of logistics informatization™. The
management information system and public logistics information platform of logistics
enterprises are main contents for investment and construction of logistics informatization.
During the “13th Five-Year Plan” period, many public logistics information platforms had been
built in many places. However, administrators of these public logistics information platforms
were too superficial and focused on construction and neglected operation!?.

As for the logistics information platform, the capacity to acquire, discriminate, analyze and
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transmit information constitutes the core competitivenesst®. One of key factors to decide
information precision is incentive degree of personnel or organization responsible for
information extraction, transmission and processing. Hence, logistics information platform
administrators need to build a performance measurement mechanism suitable for their own
characteristics to implement the information incentive for logistics information providers!*l.

Il. DESIGN OF INFORMATION INCENTIVE MECHANISM IN LOGISTICS
INFORMATIZATION

The design of incentive mechanism for logistics information providers by the logistics
information platform administrators can be regarded as the game process between the logistics
information platform administrators and the logistics information providers™. The actions and
decisions of economic activity subjects “rational people” will have mutual effect. The utility
function of one subject may be influenced by other behavior subjects, so as to adjust its own
actions and decisions, and affect the decisions and equilibrium of others at the same time.

Incentive and restraint are dialectically unified and inseparable. Therefore, the establishment
of logistics information incentive mechanism must be based on the establishment of
corresponding management control mechanism, and the latter is the core problem of logistics
information incentive mechanism®"!. The logistics information platform administrators must
optimize the assessment and supervision system and give corresponding punishment to the
non-compliant behaviors. At the same time, the incentives to logistics information providers are
also very important. The needs of logistics information providers can be roughly divided into
material and non-material needs, so incentives can be divided into material and non-material
incentives, which jointly affect the behavior of logistics information providers and stimulate their
effortst®),

2.1 Hypotheses

Each item of work for logistics information providers is divided into two tasks. It is assumed
that the logistics information providers must divide their efforts into two tasks A and B to finish
each item of work for simply research, in which A represents the effort to provide direct quantity
and quality of logistics information, B represents the effort of logistics information sharing and
collaborative efforts with other logistics information providers. In addition, the effort level of A

_al . al? . ) :
is 77 ,and the effort level of Bis ™ , making i ). Output function

€ ~N(0,>) represents exogenous uncertain factors, where

a, :(ai(l) a mo=a+¢

and
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ré‘lZ r2§222

Here r (0<r<1) is the information incentive factor, representing the information incentive of
logistics information platform administrators to logistics information providers who are willing
to share and work cooperatively. According to the form of above variance matrix, the smaller the
information incentive factor is, the higher the information incentive intensity is. Information
incentive is of great importance because it will enhance the information communication between
logistics information platform administrators and logistics information providers[m].

It is assumed that both logistics information platform administrators and logistics
information providers are rational, and logistics information platform administrators pursue
utility maximization, which is manifested as their economic interests maximization. Logistics
information providers pursue the personal income maximization. Logistics information
providers can benefit from effort or low effort (i.e., slacking).The effort level of logistics
information providers can be improved by the increase of incentive of logistics information
platform administrators™®.

Logistics information platform administrators have multiple incentives, and the
corresponding effort forms of logistics information providers are also diverset?. It is assumed
that logistics information platform administrators motivate logistics information providers to
work hard through two ways of monetary and non-monetary incentives. Monetary incentives
mainly refer to material incentives, which are used to motivate logistics information providers in
the form of allowances, subsidies, rewards, welfare funds, and etc. Non-monetary incentives
mainly refer to spiritual rewards, such as certificates of merit, certificates, rises in rank,
promotion and so on. Logistics information providers have two kinds of efforts, namely
monetary efforts En and non-monetary efforts Em. For simple analysis, it is assumed that the
benefits from both efforts can be monetized, that is, can be measured by currency (i.e.
substitution of mind to material); The incentive coefficients of the enterprise to the two kinds of
efforts are S and Sm respectively, that is, the benefits brought by the two efforts to logistics
information providers are SnEn and &nEn respectively. The effort cost of logistics
C =1/2(0,E; +6, E"ZW), O, and On are cost coefficients for two
6 _ 6

n=Yn =60 can be assumed, and we can get

information providers is

kinds of efforts, for simple analysis,
C=0(EZ+E>)I2
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Output Q of the logistics information platform administrators is determined by the two efforts
of the logistics information providers. The form of Cobb-Douglas production function is adopted

Q=KE E,”

here. We assume the following model O<A<D For simple analysis, K=1 is

Q — EﬂElfﬂv .
assumed, then n=mIn the formula, # represents the importance level of monetary

efforts in the output of logistics information platform, that is, the preference of logistics
information platform to monetary efforts; 1-4 represents the importance level of non-monetary

efforts in the output of logistics information platform. 4>0.5 indicates that the preference of
logistics information platform to monetary efforts is greater than that to non-monetary efforts,
and vice versa.

Supervision input of logistics information platform administrators: namely, It is supervision
cost, and p is efficiency of supervision. When logistics information providers are in low effort,
the probability that logistics information platform administrators find logistics information
providers in low effort is p, and obviously 1-p is the probability that logistics information
providers are not found for slacking. Here, P is determined by the cost and efficiency of

supervision, that is, P=P(l,p), and oP/0l >0,0P1op>0 g jg the punishment given to logistics
information providers by the logistics information platform administrators after finding their
slacking.

2.2 Model

Logistics information platform administrator determines the payment to the logistics
information provider according to the observation of the logistics information provider’s efforts,

that is, to determine the incentive coefficient & and "tm; based on the incentive coefficient,
logistics information provider determines its own efforts. In accordance with the hypothesis
above, it clearly shows that, by determining the incentive coefficient related to efforts, the
logistics information platform administrator stimulates efforts of the logistics information
provider. Thus, the objective utility of the enterprise is:

}U :Eln El_zm —1-Wo =GB =SB

max {fn ! gm (1)

Assuming that the basic income (i.e. fixed income) of logistics information provider is WO,
the objective utility of the logistics information provider is:
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W =Wy +&,E,+&nEn—1/20(E2+E2)
max{E,,E,} @

Assuming that W is the minimum retained income, which is determined by the social average
level. Therefore, participation constraint (IR) of the logistics information provider is:

W =W, +&,E, +&,E —C2W

En’ refers to the low monetary efforts of logistics information providers and Em’ refers to
non-monetary efforts of logistics information providers. If the logistics information provider is in
a state of low efforts and fails to be noticed by the logistics information platform administrator
(probability is 1-P), then the income of the logistics information provider is showed as

' C_ 2 2
Wo +¢6,Bq + 0By —C , among which C =0(, +E, ), that means the cost of the logistics

information provider in the state of low efforts. Relatively, the income of the logistics
information provider, after logistics information platform administrator notice that logistics

information provider is in a state of low efforts, is referred to as Wo + ¢,y + o, —C —d .

Thus, we can obtain incentive compatibility constraint which is:
W +EE +&EE —C>A-P)W, +&EE, +E E —C)+PW, +&EE, +& E —C —d)° 3)

—£,16

After the first-order partial derivatives of formula (2) is calculated, E, as well as

Ep=Cnl0 can be obtained. At this time, the problem of logistics information platform
administrator is altered to:

}U = E/ln El%m —1-Wy—,Er =S Enm

max (<., o

111 ANALYSIS OF INFORMATION INCENTIVE FACTOR BASED ON MODEL

Formulas, Ok, 10, =1/6>0 and Ok, [0c, =116 > 0, are easy to be obtained. Thus, as

the incentive coefficient increases, efforts of logistics information providers increase
accordingly. That is to say, the more reward logistics information provider gets from logistics
information platform administrator, the greater efforts logistics information providers are willing

OE, 100 =-£,10° <0 4 OE 100 ==&, 107 <0

to pay. Formulas, , are also clearly to be
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obtained, showing that efforts of logistics information providers are inversely proportional to the
cost coefficient of efforts. Adequate understanding and respect shall be given to logistics
information providers for their contribution by logistics information platform administrators who
shall also create an appropriate ecological environment for logistics information provider, which
means reducing the cost of logistics information providers™?.

E,=&10 and En =&l are substituted into the formula (4) and the following formula
can be obtained:

0 0 0 (5)

After the first-order partial derivatives of formula (5) are calculated, the following formulas

can be obtained:
Al a1
ézz{itz}

(6)
A2
2 |V1-4
(7)
After substitution, the optimal solution can be obtained as follows:
" i ﬂ( A-1
ﬂ:%:gﬁrz}
(8)
a2
a=%:%N;7}
)

It can be see that, under equilibrium state, the incentive coefficient of the logistics

information platform administrator is a function of A the preference of monetary efforts by
logistics information platform administrator .This shows that the incentive mode of logistics
information platform administrators to logistics information providers is related to which form of
efforts logistics information platform administrators prefer. While, under equilibrium state,

effort of logistics information providers is a function of A | the preference of logistics
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information platform administrator, and ¢, the cost coefficient of efforts, which determine the
effort level of logistics information provider.

After formula (6), formula (7), formula (8) and formula (9) are substituted into formula (1)
and formula (2), utilities of logistics information platform administrators and logistics
information providers under equilibrium state are relatively as follows:

A-l -1
U*:i L -W, -1 W*:W0+i L
40 (1-1 and 80 (1-4

The following formulas can also be obtained:

au” /1{/1}*‘1 y)
SIS JECLIN G T

or  40l1-2) T 1-2 (10)
aw*_i{ A }“m A
or  80l1-2) T 1-2 (11)

A
In—>0
Formula (10) and Formula (11) indicate that when 4 >05, ~ 1-4 and then
AU /0A>04s well as OW /94 >0 can be obtained. This shows that when preference of
monetary incentive is greater than non-monetary incentive, the utility of both logistics
information platform administrators and logistics information providers increases with increase

of 4, preference of En, monetary efforts, by logistics information platform administrator. In
other words, logistics information providers would prefer logistics information platform
administrators. That is, if the logistics information platform administrators attach more
importance to monetary incentive, logistics information providers will be more willing to pay

monetary efforts to get rewards. On the contrary, 4 <0.5 indicates that logistics information
platform administrators prefer non-monetary incentive, and logistics information providers are
more willing to pay monetary efforts at this time.

Here it should be noticed that many logistics information platform administrators focus on
material incentive, namely monetary incentive. However, people have various needs, and
spiritual incentive can also play an important role in the utility of logistics information platform
administratorst. 1t is not completely their economic interests that affect the behavior of
logistics information provider. Therefore, logistics information platform administrators should
not only consider issues from the material aspect when designing incentive mechanism,
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otherwise it will be quite one-sided. What logistics information providers need is not only
material incentive, but also various characteristic spiritual incentives™. It should also be noticed
that non-monetary incentive can effectively reduce the cost of logistics information platform
administrators, promote the enthusiasm of logistics information providers, and advance the
utility of logistics information platform administrators at a relatively low cost.

Further observation on the utility function of logistics information platform administrators

_ Apl-4 1 _ _ _ R
U=EEn" —T-Wo —cnEy —cnEn easily shows that:

D _ereroe Y pEEs g,
O, and 9En
B _aereree Yo pEES ¢
OE, and En

Logistics information platform administrators hope that ou/ ok, > 0and U /oE, >0 can

be obtained so that the utility of logistics information platform administrators will increase with
increase of logistics information provider’s efforts. Therefore, we can draw derivations as

follows:

A-1
Y _JEFES £50- {E—} > %(> 0)

OE, m (12)
A
S?U =(1-2)E'E," -¢&,>0=> {%} > 15”‘/1 (>0)
m m B (13)
Using formula (13) to divide formula (12), we can obtain the following:
_[ 5, 1o, ) E A/1-2
= 22 | =2

I’512 r 522 Em é:n /étm (14)

In the formula above, 4/1-4 refers to the proportion between preference of monetary
efforts and preference of non-monetary efforts by logistics information platform administrator,

and Snlm refers to the proportion of earning made through two kinds of efforts, which shall be
in accordance with the formula (14) so that the utility of logistics information platform
administrators will increase with increase of logistics information providers’ monetary efforts
and non-monetary efforts. Two formulas can also be obtained:
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2 2
00 = a(a-1)E B (<) d S —-A(1-2)E, (<)
n an m
2 2
Y a(a-nEE (<0) d =21~ A)EE (<0)
n an m

It shows that the growth speed of utility of logistics information platform administrators
gradually slows down as efforts of logistics information providers are increasing. It is in line with
the utility function of logistics information platform administrator.

W +EE, +EE —C>(1L-P)W,+&E, +EE, —C)+PW,+&E, +&E, —C —d)

-C> _CI - Pé:n(En - En) - Pém(Em - Em) —Pd

After rearrangement: , hamely

AC <P(&AE, +¢,AE, +d) (15)

Where:

ACZC—CI AEn =En_Er‘m AEm =Em_Er‘n

AC represents effort costs that are saved under low efforts of logistics information
AE, .4 AE

£,AE

providers, which can be regarded as advantages brought by low efforts. m are

respectively varying inexertion degrees of logistics information providers. Thus, n and

EmAE, are lost profits under low efforts of logistics information providers. CnAE, +EnAE,

can be marked as AY | then the formula can turn to P>AC/(AY +d) |n this way, AC can be
regarded as advantages brought by low efforts while AY + d s the loss under low efforts. It can

be seen that P is at least required to equal AC/(AY +d) it it is needed that logistics information
providers shall not work under low efforts, that is, the probability that logistics information
platform administrators find logistics information providers are under low efforts is at least the
ratio of benefits and loss when logistics information providers are under low efforts. Actually P
cannot be greater than 1 because if P is greater than 1, it is significantly found that AC s greater
than AY +d  which is to say that the benefits under low efforts are greater than that under hard
work. If so, who will work hard? Therefore, it is not allowed for logistics information platform
administrators. Seeing that logistics information platform administrators cannot find all
low-effort phenomena, if effective monitoring also works when P is lower, through the formula it
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is found that P can be allowed to be less as b is more. That is to say, logistics information
platform administrators shall strengthen punishment if they want to reduce the price of low
monitoring.

It is can be seen from formula (3) that the right side of formula is expected utilities when
logistics information providers are under low efforts, which is represented by E(W). It is easy to

find that: FEW)/op<0 JEW)/al <O OEW)/Ad <O ¢ jljystrates that E (W) is a

decreasing function related to p,1,d, which explicitly suggests that logistics information platform
administrators try to improve the efficiency of this part and strengthen the investigation together
punishment through increase investment in monitoring and supervision, reducing the expected
profits of those logistics information providers who are under inexertion. Hence, in this way,
logistics information providers can be forced to increase their efforts degree in a bid to gain more
profits. It is proved by the model that logistics information platform administrators must improve
supervision mechanisms and they need not only incentive factors but also perfect supervision
mechanisms!®.

IV CONCLUSION

The use of monetary incentive by logistics information platform administrators will enable
information incentive costs to increase and subsequently influence utilities of logistics
information platforms. Furthermore, this situation may produce side effects: force logistics
information providers to work simply for gaining bonuses. Thus, this kind of incentive way does
not boost logistics information providers’ passion from the subjectivity. From the above model,
it is seen that only through non-monetary incentives can logistics information platform
administrators effectively stimulate logistics information providers!”.

From the analysis of model, there is a great correlation between the preference of logistics
information platform administrators on incentive mode together with effort costs of logistics
information providers and the utility change as logistics information platform administrators and
logistics information providers are under mutual balance while the income of the logistics
information providers has no impact on their effort levels, which is largely because the effort
levels of the logistics information providers have no impact on their fixed income!*®!. Thus, with
traditional incentive measures, logistics information platform administrators can better stimulate
logistics information providers. Finally, logistics information platform administrators also need
to build a supervision system on the basis of certain punitive measures.
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