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REPEATED GAME BEHAVIOR BETWEEN BIDDER AND REGULATORY
AGENCY OF CONSTRUCTION ENGINEERING WITH INTERTEMPORAL

CHOICE

Qian Zhang1,2,3,4, Lianghai Jin1,2,3,*, Ying Chen2,3 and Guilian Jiang2,3

Abstract. The traditional theory of bidder and regulatory agency of construction engineering does
not take into account the repeated periodicity of the game between the regulator and regulated party, so
that the mathematical point of game equilibrium deviates from actual behavioral expression. According
to the intertemporal nature of bidder and regulatory agency, this paper analyzed the payoff matrix of
the subject of bidder and regulatory agency, constructed the repeated game behavior model of bidder
and regulatory agency, and explored the game conditions of the behavioral expression (steady state and
unsteady state) between the two game parties of construction engineering. The results shows that: (1)
The administrative triggers are adopted in the normalized regulation, which could make both parties
between bidder and regulatory agency reach Pareto Optimality; (2) The intertemporal choice behavior
of the bidder is related to the economic punishments, extraneous benefits and legitimate benefits.
The increase of economic punishments and legitimate benefits could reduce the illegal behaviors; (3)
The larger the discounted function, the easier it is for the bidder to choose long-term legal behavior.
Our work indicated that the key to establishing a long-term market mechanism between bidder and
regulatory agency is to increase the future impact on the present, and construct the administrative
trigger measures of infinitely repeated game.
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1. Introduction

In the bidding process, bidders and government regulatory departments often encounter a game situation:
how to choose the game strategy? Whether a large amount of fraud will immediately generate profits, or focus
on being honest with each other in order to obtain greater profits in the future? This kind of game needs
to weigh the results at different time points, which is called repeated game behavior based on intertemporal
choice [1]. The project bidding system is influenced by multiple complex factors, which leads to the frequent

Keywords. Project bidding, regulation, repeated game, intertemporal choice, discounted function.

1 College of Economics and Management, Three Gorges University, Yichang, Hubei 443002, P.R. China.
2 Hubei Key Laboratory of Construction and Management in Hydropower Engineering, Three Gorges University, Yichang,
P.R. China.
3 College of Hydraulic and Environmental Engineering, Three Gorges University, Yichang, Hubei 443002, P.R. China.
4 Guangxi Energy Co., LTD, Hezhou, Guangxi 542800, P.R. China.
*Corresponding author: 2954126074@qq.com

c○ The authors. Published by EDP Sciences, ROADEF, SMAI 2024

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

https://doi.org/10.1051/ro/2023177
https://www.rairo-ro.org
mailto:2954126074@qq.com
https://creativecommons.org/licenses/by/4.0


2002 Q. ZHANG ET AL.

occurrence of non-healthy repeated game behaviors such as together-conspired bidding, colluding behavior,
using deception and so on [2–4]. The repeated game behavior between bidding supervision agencies and bid-
ders aims to maximize the utility of the combination between “current gains/losses” and “future gains/losses”
[5–12]. Therefore, the engineering bidding and tendering regulatory behavior is a repeated game behavior prob-
lem that faces the intertemporal choice. However, the traditional game model can not explain the frequent illegal
behaviors in bidding and tendering. With the continuous evolution of game behavior of bidding and tendering,
a large number of regulatory policies also can not completely contain the occurrence of illegal behaviors, so it
is in urgent need of new theoretical guidance.

The engineering bidding markets have many fierce competitions. The success of winning the bidding is
extremely significant for the survival and development of construction enterprises. In order to win the bidding,
the tender even takes risks at any cost and there are more diversified and hidden illegal forms. In order to
maintain the fairness and justice of engineering bidding and tendering, regulatory agency often carries out
the game behavior to the bidder. The game focus is that the bidder attempts to violate the national and
local laws and regulations by unlawful means to obtain excess profits [13–15], while regulatory agency tries
to eliminate and punish this illegal behavior to make a profit. The traditional regulatory game is mostly the
incomplete information static game [16–19]. If a regulation and inspection process is regarded as a sub-game
process, the long-term regulation shall be a repeated game, that is, the regulatory game is a repeated game
between regulator and regulatee [20]. The repeated game is a game in which participants repeat the “stage
game” with the same structure for many times, and all the participants can observe the history of the repeated
game before carrying out the next game. The total benefits of the participants are the simple summation of the
game benefits at all stages [21–23]. The Folk Theorem of repeated game [24] believed that if the participants
had enough patience, the specific sub-game, perfect Nash Equilibrium of repeated game is the rational feasible
benefit vector [25]. Behavioral economics interprets “patience” as the time discount rate of the intertemporal
choice, i.e. the “benefits/loss” at different time points. The decision makers adopt different time discount rates
for discounting and make trade-offs and choices [26, 27]. The time of obtaining benefits obviously affects the
selection preference of the gamer – The subjective value of the delayed benefit decreases with the increase of
the delay time, that is, the time discounting phenomenon of intertemporal choice. The regulation of engineering
bidding and tendering is carried out frequently for a long time, and the repeated game for many times makes
the gamer face the intertemporal choice problem-tradeoffs of gain and loss at different stages are carried out
in the repeated game of regulation, thus making strategic choices [28–30]. The basic rule of intertemporal
choice in the repeated game between bidder and regulatory agency is that the gamer tends to underestimate
the forward utility and overestimate the current utility, such as ignoring laws and regulations of engineering
bidding and tendering due to current excess earnings, carrying out illegal bidding due to immediate interests
while ignoring the engineering quality, carrying out bid ringing, colluding behavior in bidding, collusion and
other illegal behaviors due to short-term benefits [31]. The cognitive mechanism of intertemporal choice simplifies
psychological motivation to time discount rate [32,33]. The phenomenon of intertemporal choice can be explained
by using hyperbolic discounting model to reflect time inconsistency [34,35]. The research results of intertemporal
choice can provide enlightenment for improving the rational level of decision makers in bidders and optimizing
the regulatory policies of regulatory agency.

The above results can provide a reference for the study of repeated game behavior between bidder and
regulatory agency, but the intertemporal nature and time discounting of repeated regulation are not considered,
nor is the change of discount rate, which is difficult to explain the abnormal behavior of engineering bidding
and tendering market. Based on the intertemporal characteristics of normalization and infinite times between
regulator and regulatee, this paper analyzed the repeated game conditions of infinite regulation, constructed the
repeated game behavior model between bidder and regulatory agency, assumed the equilibrium conditions that
could make the two parties between bidder and regulatory agency achieve the steady state, and revealed the
intertemporal behavior decision-making mechanism between bidder and regulatory agency. The research results
can provide theoretical basis for the establishment and improvement of engineering bidding and tendering
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regulatory system. Therefore, this paper fully considered the influence of the intertemporal nature and time
discount on the decision-making of both sides of the game.

Based on the intertemporal nature of engineering bidding supervision, this paper analyzed the income matrix
of engineering bidding supervision entities, constructed a repeated game behavior model for engineering bidding
supervision, and explored the game conditions for the behavior of both parties (steady-state and non-stationary)
in the engineering bidding supervision game. The remainder of this article is organized as follows. Section 2 is
the description of the problem. Section 3 is the problem analysis. Section 4 is the method analysis. Section 5
is to establish a model and quantify the steady-state equilibrium conditions of the two players. Section 6 is to
discuss the results and put forward useful regulatory recommendations. Section 7 summarizes the full text.

2. Utility function of intertemporal choice of repeated game in supervision
of project bidding

In the repeated game process between bidder and regulatory agency, the gamer is faced with the intertem-
poral choice problem-the tradeoffs of immediate and long-term interests. For regular and irregular supervision,
the two gamers need to carry out tradeoffs of the gain and loss occurring at different time points and make
various judgments and choices. The supervision process of project bidding shows typical intertemporal choice
characteristics: Participants may sacrifice immediate interests for the sake of the long-term interests, or may also
abandon long-term interests for the sake of the immediate interests. Therefore, in the process between bidder
and regulatory agency, the gamer faces the intertemporal choice problem [36], and the repeated game behavior
has a typical intertemporal nature.

The repeated game between bidder and regulatory agency has the intertemporal nature, which makes the
two parties carry on judgement, comparison and choice for the benefits at different time points, so as to form
the discount factor that affects the subjective benefit value of the gamer. From the perspective of behavioral
economics, the discount factor represents the patience of decision makers to the future and is an irrational
variable [37], which will have an impact on the intertemporal choice and strategic choice of repeated gamer
[25, 38]: (1) In measuring the value of future benefits, intertemporal decision makers tend to adopt the higher
discount rate for further period, and show the finite rationality and time preference inconsistency of decision
makers [33]; (2) The “patience” of bidder determines whether it chooses long-term legitimate earnings while
abandoning short-term illegal proceeds. Based on the irrational discounting phenomenon of intertemporal choice,
the intertemporal hyperbolic discount rate is introduced:

𝛽 =
1

1 + ℓ𝑑
(1)

where 𝛽 is the discount rate 0 < 𝛽 ≤ 1 between bidder and regulatory agency at 𝑡 stage and 𝑑 is the time
between bidder and regulatory agency. ℓ represents the parameter of the degree of discount. It is assumed that
𝛿 is the tolerance coefficient of time consistency (0 < 𝛿 < 1). The interaction time preference at 𝑡 stage can be
represented by the following utility function:

𝑈 = 𝛿 ∙ 𝑢𝑡 + 𝛽 ∙
𝑇∑︁

𝜏=𝑡+1

𝛿𝜏𝑢𝜏 (2)

where 𝑢𝑡 is the cardinal instant utility of decision maker at 𝑡 stage. When 𝛽 = 1, it shows that the utility
function is exponentially discounted in the time of repeated game; When 0 < 𝛽 < 1, there is a preference type
of “time inconsistency”.

3. Anomaly analysis of game behavior between bidder and regulatory agency

For convenience, this paper analyzed the repeated game behavior between bidder and regulatory agency. It
is assumed that the game information between bidder and regulatory agency is completely symmetric, bode
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Table 1. Game matrix between bidder and regulatory agency.

Bidder

Violation 𝑝
No violation

(1− 𝑝)

Regulatory Efficient regulation 𝑞 (𝑅− 𝐶1 + 𝑉,−𝐴) (𝑅− 𝐶1, 𝐸)
agency Inefficient regulation (1− 𝑞) (𝑅− 𝐶2 −𝐷, 𝐸 + 𝐹 ) (𝑅− 𝐶2, 𝐸)

parties know the following information: The bidder can obtain illegal benefits through various illegal behaviors.
If the regulation of regulatory agency is inefficient, the bidder can “go smoothly”; If the regulatory agency has
efficient regulation, the illegal behaviors of bidder will definitely be investigated and the bidder will be punished.

It is assumed that the strategy sets of the regulatory agency and the bidder are 𝑆1 = {Efficient regulation,
inefficient regulation} and 𝑆2 = {violation, no violation}, respectively. The normal utility of the regulatory
agency is 𝑅 (calculated in currency). The cost of efficient regulation by the regulatory agency is 𝐶1 and the
cost of inefficient regulation is 𝐶2(0 < 𝐶2 < 𝐶1). The administrative benefits of the regulatory agency for the
successful investigation and punishment of illegal behaviors are 𝑉 and the administrative loss of the failure to
investigate illegal behaviors is 𝐷. The lawful proceeds of the bidder are 𝐸, and the extraneous earnings of the
unlawful transactions of the bidder are 𝐹 . If the illegal behavior of the bidder is investigated, the economic
punishment 𝐴 shall be imposed and the legitimate benefits can not be obtained. The regulatory game matrix
is shown in Table 1.

As shown in Table 1, for the rational gamer with single regulation: (1) When the supervision agency conducts
efficient supervision, the best strategy for bidders is not to violate regulations; (2) When the regulatory agency
adopts inefficient regulation, the optimal strategy of bidder is to violate the rules; (3) When the bidder chooses
not to violate the rules, the optimal strategy of regulatory agency is inefficient regulation; (4) When the bidder
chooses to violate the rules, the optimal strategy of regulatory agency depends on the size of 𝑅− 𝐶1 + 𝑉 and
𝑅− 𝐶2 −𝐷. When 𝑅− 𝐶1 + 𝑉 < 𝑅− 𝐶2 −𝐷, that is, 𝐶1 > 𝐶2 + 𝐷 + 𝑉 , the optimal strategy of regulatory
agency is inefficient regulation and vice versa. It can be seen that {inefficient regulation, violation} is the only
Nash Equilibrium between bidder and regulatory agency game, and is the game theory principle of engineering
bidding and tendering game behavior anomalies. It is not difficult to see that the reason for this condition is
that the cost of efficient regulation is too high, and the sum of rewards for efficient regulation and penalties
for inefficient regulation is less than the cost of efficient regulation, which makes the regulatory agency lack the
impetus for efficient regulation. The reasons are that: (1) The experience, technology and means between bidder
and regulatory agency are in the stage of continuous exploration and improvement, and the regulation cost of
regulatory agency is high; (2) The administrative benefits of regulatory agency by the successful investigation
for the illegal behaviors can not significantly improve the efficiency of bidding and tendering market.

For the rational gamer with multiple regulation, when 𝐶1 < 𝐶2 + 𝐷 + 𝑉 , the repeated regulation game will
be caught in an invalid regulatory cycle as shown in Figure 1. At this point, there is no pure strategy Nash
Equilibrium in supervision of project bidding game, but only mixed strategy equilibrium. It is assumed that
the probability of violating the rules by the bidder is 𝑝 and the probability of efficient regulation of regulatory
agency is 𝑞. At this point.

The expected return of efficient regulation of regulatory agency is:

𝑝(𝑅− 𝐶1 + 𝑉 ) + (1− 𝑝)(𝑅− 𝐶1) = 𝑝𝑉 + 𝑅− 𝐶1. (3)

The expected return of inefficient regulation of regulatory agency is:

𝑝(𝑅− 𝐶2 −𝐷) + (1− 𝑝)(𝑅− 𝐶2) = 𝑅− 𝐶2 − 𝑝𝐷. (4)
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Figure 1. Ineffective regulatory cycle: “efficient regulation of regulatory agency → the bidder
does not violate the rules → inefficient regulation of regulatory agency → the bidder violates
the rules → efficient regulation of regulatory agency. . . ”.

The expected return of violating the rules by the bidder is:

𝑞(−𝐴) + (1− 𝑞)(𝐸 + 𝐹 ) = 𝐸 + 𝐹 − 𝑞(𝐴 + 𝐸 + 𝐹 ). (5)

The expected return of not violating the rules by the bidder is 𝐸.
The condition that the regulatory agency chooses the efficient regulation is:

𝑝𝑉 + 𝑅− 𝐶1 > 𝑅− 𝐶2 − 𝑝𝐷. (6)

That is, when 𝑝 > (𝐶1 − 𝐶2)/(𝑉 + 𝐷), the regulatory agency chooses the efficient regulation.
The condition for the legal tendering by the bidder is:

𝐸 > 𝐸 + 𝐹 − 𝑞(𝐴 + 𝐸 + 𝐹 ). (7)

That is, when 𝑞 > 𝐹/𝐴 + 𝐸 + 𝐹 , the bidder chooses the legal tendering.
To sum up, the mixed strategy Nash Equilibrium of the game is {𝑝 = (𝐶1−𝐶2)/(𝑉 +𝐷), 𝑞 = 𝐹/𝐴+𝐸 +𝐹},

that is, the bidder will choose to violate the rules with the probability of 𝑞 = 𝐹/𝐴 + 𝐸 + 𝐹 . The regulatory
agency will choose the efficient regulation with the probability of 𝑝 = (𝐶1 − 𝐶2)/(𝑉 + 𝐷) and can not realize
the ideal state of Pareto Optimality.

4. Administrative trigger mechanism of repeated game for infinite
regulation between bidder and regulatory agency

The repeated game of finite supervision of project bidding can not realize the ideal Pareto Efficiency improve-
ment [37]. Therefore, when the game termination stage is not set up, the influence of the one-off game equilibrium
on the repeated game results at the last stage can be avoided, and the bidder will give up the immediate earnings
and choose the long-term benefits, which facilitates both parties between bidder and regulatory agency to adopt
the steady-state strategy of {inefficient regulation, no violation}.

The normalized supervision of project bidding makes the participants become ignorant of the last game, which
is in line with the characteristics of the infinitely repeated game [21]. The decision-making behavior between
bidder and regulatory agency can be analyzed from the angle of infinitely repeated game. At the same time,
when setting up a set of administrative trigger measures of bidding and tendering regulation, there is infinitely



2006 Q. ZHANG ET AL.

Table 2. Game probability matrix between bidder and regulatory agency.

Bidder
Violation No violation

Regulatory
agency

Efficient regulation
(𝑝1(𝐷 + 𝑉 ) + 𝑅− 𝐶1 −𝐷,
𝐸2 + 𝐹 − 𝑝1(𝐸2 + 𝐹 + 𝐴))

(𝑅− 𝐶1, 𝐸2)

Inefficient regulation
(𝑝2(𝐷 + 𝑉 ) + 𝑅− 𝐶2 −𝐷,
𝐸1 + 𝐹 − 𝑝2(𝐸1 + 𝐹 + 𝐴))

(𝑅− 𝐶2, 𝐸1)

repeated game between the bidder and regulatory agency: It is assumed that both bidder and regulatory agency
adopt the steady-state strategy when supervision of project bidding starts; When it is found that the bidder
chooses the unsteady-state strategy, the game steady-state equilibrium of the two parties is broken, and the
regulatory agency immediately terminates the steady-state strategy and takes punishment measures, which
makes it difficult for the bidder to obtain benefits again. The administrative trigger measures can prevent the
the invalid regulation cycle shown in Figure 1.

Under the administrative trigger measures, the repeated game between bidder and regulatory agency occurs
continuously. It is assumed that the legitimate benefits of the bidder under efficient regulation are 𝐸2 and the
legitimate benefits of the bidder under inefficient regulation are 𝐸1(𝐸1 > 𝐸2) under the administrative trigger
measures. Besides that, it is also assumed that the probability of investigating for the illegal behaviors under
efficient regulation is 𝑃1 and the probability of investigating for the illegal behaviors under inefficient regulation
𝐸2 is 𝑝2(𝑝1 > 𝑝2). At this point, the game matrix of the two parties is shown in Table 2.

If the bidder chooses to violate the rules in 𝑡 stage and thereafter, the regulatory agency will adopt adminis-
trative trigger measures in 𝑡 + 1 stage and thereafter and choose the efficient regulation: The earnings in each
stage of the bidder before 𝑡 stage are 𝐸1. The earnings in 𝑡 stage are 𝐸1 + 𝐹 − 𝑝2(𝐸1 + 𝐹 + 𝐴) (recorded as 𝑌 )
and the earnings after 𝑡 stage are 𝐸2 + 𝐹 − 𝑝1(𝐸2 + 𝐹 + 𝐴) (recorded as 𝑋). Among them, 𝐸2 < 𝑋 < 𝐸1 < 𝑌 ,
that is, whether the efficient regulation or inefficient regulation, the legal earnings of the bidder are less than the
illegal proceeds (𝐸 < 𝑋, 𝐸 < 𝑌 ), which is also a significant reason for the frequent occurrence of illegal bidding
and tendering cases. When 𝑋 < 𝐸1, the illegal benefits of bidder under efficient regulation are less than those
under inefficient regulation. On the contrary, if the bidder always chooses to violate the rules, the regulatory
behavior of regulatory agency loses its significance.

5. Intertemporal discounting and steady-state condition of repeated game in
the supervision of project bidding

5.1. Intertemporal discounted function of repeated game in the supervision of project
bidding

The supervision of project bidding game 𝐺 is given at one stage. 𝐺(∞, 𝐷(𝐾)) is represented as infinitely
repeated game between bidder and regulatory agency, that is, the supervision of project bidding game 𝐺 will be
carried out “infinitely”. It is assumed that the time quantum of repeated game between bidder and regulatory
agency is 𝑇 ∈ (0, · · · , 𝑡, · · · , 𝑡 + 𝑘 · · · ). For the supervision of project bidding game at every 𝑡 stage, the game
result of 𝑡 − 1 can be observed before the start of 𝑡 stage. The earnings of bidder and regulatory agency in
𝐺(∞, 𝐷(𝐾)) are the sum of discounted value of earnings in the infinite stage game.

To simplify the calculation, it is assumed that the intertemporal discounted function of the bidder and
regulatory agency is 𝐷(𝑘) (0 < 𝐷(𝑘) < 1):

𝐷(𝑘) =
1

1 + ℓ𝑡
· (8)
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The gross proceeds of bidder and regulatory agency are:

𝑈 𝑡(𝑐𝑡, · · · , 𝑐𝑇 ) =
𝑇−𝑡∑︁
𝑘=0

𝐷(𝑘)𝑘𝑢(𝑐𝑡+𝑘) (9)

where 𝑢(𝑐𝑡+𝑘) is the cardinal instant utility of both parties in the supervision of project bidding at 𝑡 + 𝑘 stage.

5.2. Game steady-state strategy condition of bidder

The condition that the infinitely repeated game between bidder and regulatory agency realizes the steady-
state strategy is that: the long-term benefits of bidder and regulatory agency > short-term benefits. This paper
discussed the gross proceeds of infinitely repeated game steady-state and unsteady-state strategy in the super-
vision of project bidding under the administrative trigger measures and quantized the condition between the
gamers between bidder and regulatory agency to achieve the steady-state strategy.

When the bidder chooses the steady-state strategy, the present value of gross proceeds is:

𝑈1 = 𝐸1

(︀
1 + 𝐷(𝑘) + 𝐷(𝑘)2 + · · ·+ 𝐷(𝑘)𝑡−2

)︀
+ 𝐸1𝐷(𝑘)𝑡−1 + 𝐸1

(︀
𝐷(𝑘)𝑡 + 𝐷(𝑘)𝑡+1 + · · ·

)︀
= 𝐸1

1−𝐷(𝑘)𝑡−1

1−𝐷(𝑘)
+ 𝐸1𝐷(𝑘)𝑡−1 +

𝐸1𝐷(𝑘)𝑡

1−𝐷(𝑘)
· (10)

When the bidder does not violate the rules before 𝑡 stage and chooses to violate rules at 𝑡 stage, that is, the
unsteady-state strategy, the present value of gross proceeds is:

𝑈2 = 𝐸1

(︀
1 + 𝐷(𝑘) + 𝐷(𝑘)2 + · · ·+ 𝐷(𝑘)𝑡−2

)︀
+ 𝑌 𝐷(𝑘)𝑡−1 + 𝑋

(︀
𝐷(𝑘)𝑡 + 𝐷(𝑘)𝑡+1 + · · ·

)︀
= 𝐸1

1−𝐷(𝑘)𝑡−1

1−𝐷(𝑘)
+ 𝑌 𝐷(𝑘)𝑡−1 + 𝑋

𝐷(𝑘)𝑡

1−𝐷(𝑘)
· (11)

If and only if 𝑈1 > 𝑈2, the steady-state condition can be maintained. The steady-state strategy is the perfect
equilibrium of sub-game, that is

𝐸1
1−𝐷(𝑘)𝑡−1

1−𝐷(𝑘)
+ 𝐸1𝐷(𝑘)𝑡−1 +

𝐸1𝐷(𝑘)𝑡

1−𝐷(𝑘)
> 𝐸1 ×

1−𝐷(𝑘)𝑡−1

1−𝐷(𝑘)
+ 𝑌 𝐷(𝑘)𝑡−1 +

𝑋𝐷(𝑘)𝑡

1−𝐷(𝑘)
· (12)

𝑌−𝐸1
𝑌−𝑋 < 𝐷(𝑘) is obtained. When the discounted function satisfies this formula, no violation is the optimum

response of the bidder to the administrative trigger measures by regulatory agency, which constitutes the
Nash Equilibrium of infinitely repeated game between bidder and regulatory agency {No violation, inefficient
regulation} and is the optimal result of Pareto Efficiency. 𝐷(𝑘) is the patient of bidder to the current steady-state
strategy in the intertemporal choice stage. The larger the 𝐷(𝑘), the closer the intertemporal decision-making
behavior of bidder is to the state of Pareto Optimality [37]. At this time, the bidder hopes to continue to adopt
steady-state strategy in the future and will comply with the laws and regulations of bidding and tendering
market, while regulatory agency does not need to input too much cost in supervision of project bidding, which
not only ensures the national social interests and maintains social justice, but also reduces the regulation cost. On
the contrary, in the intertemporal choice, the bidder does not try to adopt the long-term steady-state strategy,
but only focuses on the immediate short-term benefits. At this point, the bidder has a large probability to carry
out illegal behaviors. In order to prevent the illegal behaviors, the regulatory agency is forced to choose the
efficient regulation and increase the cost between bidder and regulatory agency. The repeated game equilibrium
of regulation can not realize the optimal result of Pareto Efficiency.

𝑋 and 𝑌 are taken into formula (12), the following formula can be obtained:

𝐹 − 𝑃2(𝐸1 + 𝐹 + 𝐴)
(𝑝1 − 𝑝2)(𝐸1 + 𝐹 + 𝐴)

< 𝐷(𝑘). (13)
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Figure 2. By taking 𝐸1 = 5, ℓ = 1, 𝑌 = 9.2, 𝑋 = 3 and intertemporal discounted function
𝐷(𝑘) = 1

1+ℓ𝑡 and assuming that the bidder chooses the steady-state/unsteady-state strategy at
the second stage game, the stage earnings and stage accumulated earnings change graphs of
the bidder are drawn (in order to make the image trend easier to observe, the intertemporal
discounted function is not processed by exponentiation, and its change trend is not affected),
as shown in (A) and (B). It can be seen that under the administrative trigger measures, there
is only once that the stage earnings of the unsteady-state strategy is higher than that of
the steady-state strategy. With the increase of the number of games in supervision of project
bidding, there are more and more accumulated stage earnings of the steady-state strategy. From
a long-term perspective, the steady-state strategy under the administrative trigger measures
is obviously better than the unsteady-state strategy. However, the intertemporal discounted
function gradually decreases with the increase of the number of regulation games, and finally
approaches zero infinitely. At this point, regulatory agency should change the regulatory cycle
and measures in time to increase the patience of steady-state strategy of bidder. (A) Stage
income change of repeated game of bidder under administrative trigger measures. (B) Stage
accumulated income change of repeated game of bidder under administrative trigger measures.

At this time, there may be two conditions: (1) If the extraneous earnings 𝐹 is less than 𝑃2(𝐸1 + 𝐹 + 𝐴), the
value of 𝐹−𝑃2(𝐸1+𝐹+𝐴)

(𝑝1−𝑝2)(𝐸1+𝐹+𝐴) is negative, which indicates that if only 𝐷(𝑘) > 0, the present value brought by the
steady-state strategy of the bidder is greater than by the unsteady-state strategy. (2) If the extraneous earnings
𝐹 is larger than 𝑃2(𝐸1 + 𝐹 + 𝐴), the range of intertemporal discounted function by the bidder to choose the
steady-state strategy is 𝐹−𝑃2(𝐸1+𝐹+𝐴)

(𝑝1−𝑝2)(𝐸1+𝐹+𝐴) < 𝐷(𝑘) < 1 (Fig. 2).

5.3. Game steady-state strategy condition between bidder and regulatory agency

If the bidder or the regulatory agency first breaks the situation of {inefficient regulation, no violation} and
chooses the efficient regulation at 𝑡 stage and thereafter, under this condition, the bidder must choose the illegal
behavior at 𝑡 + 1 stage and thereafter. The total present value of income of the regulatory agency is:

𝑈3 = (𝑅− 𝐶2)
(︀
1 + 𝐷(𝑘) + · · ·+ 𝐷(𝑘)𝑡−2

)︀
+ (𝑅− 𝐶1)𝐷(𝑘)𝑡−1

+ (𝑝1(𝐷 + 𝑉 ) + 𝑅− 𝐶1 −𝐷)
(︀
𝐷(𝑘)𝑡 + 𝐷(𝑘)𝑡+1 + · · ·

)︀
= (𝑅− 𝐶2)

1−𝐷(𝑘)𝑡−1

1−𝐷(𝑘)
+ (𝑅− 𝐶1)𝐷(𝑘)𝑡−1
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+ (𝑝1(𝐷 + 𝑉 ) + 𝑅− 𝐶1 −𝐷)
𝐷(𝑘)𝑡

1−𝐷(𝑘)
· (14)

The total present value of income of the regulatory agency with inefficient regulation is:

𝑈4 = (𝑅− 𝐶2)
(︀
1 + 𝐷(𝑘) + · · ·+ 𝐷(𝑘)𝑡−2

)︀
+ (𝑅− 𝐶2)𝐷(𝑘)𝑡−1 + (𝑅− 𝐶2)

(︀
𝐷(𝑘)𝑡 + 𝐷(𝑘)𝑡+1 + · · ·

)︀
= (𝑅− 𝐶2)

1−𝐷(𝑘)𝑡−1

1−𝐷(𝑘)
+ (𝑅− 𝐶2)𝐷(𝑘)𝑡−1 + (𝑅− 𝐶2)

𝐷(𝑘)𝑡

1−𝐷(𝑘)
· (15)

Comparing the two conditions, when 𝑈4 > 𝑈3, the regulatory agency will always choose inefficient regulation,
and the bidder will not be forced to choose illegal behavior. At this point, there are three circumstances: (1) When
𝑝1(𝐷 + 𝑉 ) = 𝐷, that is, 𝑝1𝑉 = (1− 𝑝1)𝐷, the administrative expected income of the regulatory agency with
efficient regulation is equal to the administrative expected punishment. Whether the bidder chooses any strategy,
the benefits of the regulatory agency are (𝑅− 𝐶1). The regulatory agency lacks of regulation motivation; (2)
When 𝑝1(𝐷 + 𝑉 ) > 𝐷, that is, (𝐶1−𝐶2)

𝑝1(𝐷+𝑉 )−𝐷 > 𝐷(𝑘) > 0, if the bidder maintains the law-abiding behavior, the
regulatory agency will always choose inefficient regulation; If the bidder breaks the rules once, the regulatory
agency will choose efficient regulation in the next stage game. At this point, 𝑝1(𝐷 + 𝑉 ) + 𝑅− 𝐶1 −𝐷 is greater
than 𝑅− 𝐶1. The regulatory agency has a higher regulation efficiency; When 𝑝1(𝐷+𝑉 ) < 𝐷, (𝐶1−𝐶2)

𝑝1(𝐷+𝑉 )−𝐷 < 𝐷(𝑘)

and (𝐶1−𝐶2)
𝑝1(𝐷+𝑉 )−𝐷 is negative, which indicates that if only 𝐷(𝑘) > 0, the regulatory agency will always choose

inefficient regulation (Fig. 3).

6. Discussion and suggestion

6.1. Result discussion

Under the premise of protecting the public interests, the equilibrium point between bidder and regulatory
agency is to realize the benefit maximization for both parties. The decision-making behavior of the repeated
gamer between bidder and regulatory agency is influenced by the intertemporal discount rate, but the traditional
regulatory game does not consider the intertemporal nature of the multiple regulation, nor does it consider the
problem of the discount rate change. Therefore, introducing the intertemporal discounted function to establish
the game behavior model and solving the equilibrium condition of the steady-state infinitely repeated game
have high ecological game behavior validity. From the perspective of intertemporal choice, it can be seen by
analyzing the repeated game behavior model between bidder and regulatory agency and its equilibrium solution
that:

(1) The finite repeated game between bidder and regulatory agency can not reach the ideal Pareto Optimality. In
the process of infinitely repeated game between bidder and regulatory agency, the steady-state termination
mechanism-administrative trigger measures are set up, and the intertemporal discounted function 𝐷(𝑘) is
introduced to quantize the game steady-state equilibrium condition. The bidder will abandon the pursuit
of the short-term smaller interests under the real pressure of the administrative trigger measures by the
regulatory agency, and obtain the long-term greater benefits in turn by observing the national laws and
regulations and conscientiously fulfilling the bidding and tendering contract.

(2) The probability of the bidder choosing the law-abiding behavior related to economic punishment, extraneous
income and legal earnings. On the one hand, the regulatory agency should formulate corresponding measures
to increase the legal benefits of the bidder and increase the economic punishment intensity for the illegal
behaviors of bidder. On the other hand, for the extraneous income, the regulatory agency should strengthen
the regulatory measures, increase the visualization and transparency of bidding and tendering transactions,
and reduce the generation of extraneous income.
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Figure 3. By taking 𝑅 − 𝐶2 = 6, ℓ = 1, 𝑅 − 𝐶1 = 2, 𝑝1(𝐷 + 𝑉 ) + 𝑅 − 𝐶1 − 𝐷 = 4.4 and
intertemporal discounted function 𝐷(𝑘) = 1

1+ℓ𝑡 , if the regulatory agency first breaks the steady-
state condition, the repeated game stage income and accumulated stage income change graphs
of the regulatory agency are drawn under the steady-state/unsteady-state condition (in order to
make the image trend easier to observe, the intertemporal discounted function is not processed
by exponentiation, and its change trend is not affected), as shown in (A) and (B). Different from
the stage income increase of bidder by first breaking the steady-state condition, the unsteady-
state strategy of the regulatory agency directly leads to its income decrease. Therefore, when
the bidder maintains the steady-state strategy, the regulatory agency will not easily choose
the unsteady-state strategy. (A) Repeated game stage present value of earnings change of the
regulatory agency. (B) Repeated game accumulated stage present value of earnings change of
the regulatory agency.

(3) The more long-term interests the bidder pays attention to, the easier it is for the bidding and tendering
organization and bidder to achieve the game steady-state condition. Whether the bidder pays attention to
the long-term benefits is related to the intertemporal discounted function 𝐷(𝑘). The larger the 𝐷(𝑘) is, the
more important the future is than the present, and the easier it is to reach the steady-state condition; On
the contrary, if 𝐷(𝑘) is not large enough, there is no game form that can reach the steady-state condition.
When the numerical value of 𝐷(𝑘) is large enough, it means that the time value of money is higher. The
longer the bidder chooses the steady-state strategy, the more profits it will obtain, which is far more than
the extraneous income brought by illegal behaviors. The bidder has a high degree of pursuit of long-term
benefits and the probability of illegal behavior is small.

(4) According to the range of intertemporal discounted function of steady-state strategy by the bidder, it can
be seen that the probability of bidder violating laws and rules is related to the probability of successful
investigation by the regulatory agency. The higher the probability of successful investigation by the regu-
latory agency, the lower the probability of bidder violating the laws and rules and vice versa. Thus it can
be seen that improving the professional proficiency of the regulatory agency can reduce illegal behaviors to
a certain extent. The minor punishment intensity to the illegal behaviors stimulates the bidder to pursue
illegal earnings, thus generating more illegal behaviors. In the case of ensuring the regulation intensity,
the regulatory agency should formulate measures to reduce the regulation cost and increase the reward for
successful investigation and punishment for failure. Increasing the training of the personnel of the regula-
tory agency and improving their professional and technical level and work efficiency can not only save the
regulation cost, but also reduce the illegal behavior of the bidder.
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6.2. Policy suggestion
The bidder and regulatory agency are the decision-making subjects of the repeated game between bidder and

regulatory agency, and are the decisive factor that determines whether the game can achieve the steady-state
condition [39]. Therefore, combining with the above analysis results, in the game decision-making stage, this
paper fully considered the intertemporal characteristics of regulatory repeated game and put forward some
suggestions to reduce the illegal behavior of bidder:
(1) The reward and punishment system for illegal acts by bidding regulatory agencies is aimed at maintaining

a fair, transparent, and honest bidding market order, ensuring the efficiency of resource allocation, and
maximizing public interests.
(1) Reward system.

Reward for good credit enterprises: priority consideration, bonus points, or additional rewards will be
given to enterprises with no illegal behavior and good credit records.
Actively participating in training rewards: provide certain rewards to enterprises that participate in
training on bidding laws and regulations, integrity management, etc.
Innovation technology rewards: encourage and reward enterprises with innovative technologies or con-
tributions, such as providing additional evaluation scores or prioritizing project acceptance.

(2) Punishment system.
Penalty amount: for discovered illegal behaviors, fines shall be imposed in accordance with the nature
and circumstances of the illegal behavior in accordance with the law and regulations. The amount of
fines may be calculated based on the illegal income or relevant standards.
Punishment filing: for enterprises that engage in serious illegal activities, punishment filing shall be
carried out to limit their participation in bidding activities, or their qualification for bidding shall be
permanently cancelled.
Blacklist system: establish a blacklist of illegal and irregular activities, publicize enterprises with serious
illegal behaviors, and increase regulatory efforts to restrict their participation in bidding activities for
a certain period of time.
Cancellation of contract qualification: for enterprises that have committed serious illegal acts, their
contract qualifications that have already won the bid can be revoked in accordance with laws and reg-
ulations, requiring a new bidding process or being undertaken by the second highest scoring enterprise.

It should be noted that the specific reward and punishment system should be formulated in accordance with
local laws and regulations and the actual situation, ensuring fairness, fairness, rationality, and enforceabil-
ity. At the same time, regulatory agencies should strengthen monitoring and inspection of illegal activities,
strengthen the construction of industry integrity systems, increase the cost of illegal activities, and effec-
tively curb the occurrence of illegal activities.

(2) In bidding, intertemporal choice is an important strategy that can help bidders better grasp the initiative.
The following are the systems or suggestions that can be considered:
(1) Introducing a multiple quotation system: allowing bidders to quote multiple times at different time

periods, which can more effectively reflect market changes and competition. This system will increase
the flexibility of bidding and provide bidders with the opportunity to optimize their quotations by
observing market dynamics.

(2) Establishing an electronic bidding system: using an electronic bidding system can effectively reduce the
participation cost of bidders, while also facilitating the collection and comparison of bidding proposals
by the bidding party. Cross period selection can also be well reflected in the electronic bidding system,
where bidders can update their quotes or choose to exit at any time.

(3) Introducing cooperation mechanisms: introducing cooperation mechanisms during the bidding process
can enable bidders to share information and resources through alliances or partnerships, in order to
gain greater competitive advantages. In cross period selection, cooperation mechanisms can also provide
bidders with more time and resources to observe and analyze market dynamics, in order to better grasp
the timing.
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(4) Standardize bidding behavior: to ensure fairness and effectiveness in cross period selection, it is neces-
sary to standardize bidding behavior. For example, conducting pre qualification for bidders, establishing
strict confidentiality measures, and specifying bidding schedules and procedures.

(5) Provide opportunities for information disclosure: provide both bidders and bidders with the opportunity
to obtain sufficient information to make informed decisions. This can be achieved through organizing
information conferences, providing consultation or Q&A services, and other means.

(6) Establish a supervision mechanism: to prevent potential fraudulent behavior during the bidding process,
a supervision mechanism should be established to ensure fairness, impartiality, and transparency in the
bidding process. Supervision mechanisms can include supervisors, auditors, or third-party institutions.

In short, intertemporal choice has important application value in bidding game behavior. By introducing
multiple quotation systems, establishing electronic bidding systems, introducing cooperation mechanisms,
standardizing bidding behavior, providing information disclosure opportunities, and establishing super-
vision mechanisms, measures can effectively promote healthy competition in bidding, improve resource
allocation efficiency, and economic and social development benefits.

7. Conclusion

The regulatory behavior of engineering bidding and tendering is a repeated game behavior problem that
faces the intertemporal choice. Based on the traditional regulatory game model, this paper established the
game income matrix of both bidder and regulatory agency, determined the intertemporal utility function com-
bined with the intertemporal nature, and constructed the repeated game behavior model between bidder and
regulatory agency. The conclusions are as follows:

(1) This paper analyzed the reasons for frequent violations of laws and regulations in engineering bidding
transactions: high regulatory costs and low efficiency. An administrative trigger mechanism based on bidding
supervision agencies was proposed to quantify the game conditions for the behavior of both parties in the
engineering bidding supervision game, determined the relationship between the intertemporal discount
function and the bidder’s intertemporal decision-making behavior, and studied the impacts of additional
benefits, legal benefits and economic penalties on the cross period discount function.

(2) Based on the intertemporal choice psychological mechanism and repeated game behavior analysis between
bidder and regulatory agency, for the sake of improving the long-term mechanism, this paper gave the
following suggestions: (1) the regulatory agency should increase the economic punishment intensity and
amount for the illegal behaviors of bidder; (2) the main emphasis must be on the need to increase impact of
the future on the present in administrative system; (3) administrative departments should build a future-
oriented bidding supervision mechanism.
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