
 
J. COMBIN. MATH. COMBIN. COMPUT. 127a (2025) 53--70 

 

 

  

Journal of Combinatorial Mathematics and 
Combinatorial Computing 
www.combinatorialpress.com/jcmcc 

 

Potential ways for smart contract technology to improve the 

efficiency of economic transactions in the context of artificial 

intelligence 
 
Yun Zhang1,✉ 

 
1 Guangzhou College of  Commerce, Guangzhou, Guangdong, 511363, China 

 

ABSTRACT 

Smart contract technology based on artificial intelligence background is gradually becoming a brand-new 

path to improve the efficiency of economic transactions due to its unique advantages. This paper initially 

explores the impact of smart contract technology on economic transaction efficiency through empirical 

analysis of models and data. The credit mechanism is introduced as an intermediate variable to analyze its 

mediating effect in the process of improving economic transaction efficiency by smart contract technology. 

The optimization of Fabric transaction mechanism is realized by using the improved credit model, which 

further exerts the role of smart contract technology in enhancing economic transaction efficiency. The 

principal component analysis is used to calculate the comprehensive score of economic transaction 

efficiency before and after the optimization of smart contract trading mechanism to show the effect of the 

development of smart contract technology on the improvement of economic transaction efficiency. This 

paper concludes that the development of smart contract technology will significantly and positively 

promote the improvement of economic transaction efficiency through benchmark regression analysis, 

mediation effect test and other methods. After the optimization of smart contract transaction mechanism, 

the comprehensive score of economic transaction efficiency produces significant improvement compared 

with the pre-optimization period, in which the average value of the comprehensive score of transaction 

efficiency in Guangdong, Jiangsu, Shanghai, and Beijing is improved by 20.18%, 24.52%, 33.77%, and 

35.54%, respectively. It further indicates that smart contract technology is an effective path to improve 

economic transaction efficiency. 

Keywords: smart contract technology, improved credit model, principal component analysis, benchmark 

regression, economic transaction efficiency 

 

1. Introduction 

A smart contract is a formalized contract that uses a computer program to execute, validate and enforce 
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the contract. It is a self-executing protocol that can be written, tested and deployed for various transactions 

and protocols [1-2]. Smart contracts can be fully automated and decentralized with the help of blockchain 

technology, which enables mutual trust and collaboration between parties in the absence of trusting 

institutions [3-5]. A smart contract is a decentralized computer program, a set of codes that are 

automatically executed by the input of data conditions. A smart contract creates a trusted, tamper-proof 

record of transactions between all the parties involved and automatically enforces the terms and conditions 

set by the parties [6-9]. Therefore, a smart contract can be understood as a closed set of predefined 

conditions that are automatically executed once the conditions are met. It not only captures and determines 

the transaction conditions, but also automatically executes the transaction details, which makes smart 

contracts extremely precise and efficient, and plays an important role in improving the efficiency of 

economic transactions [10-13]. 

The application of smart contract technology in financial transactions has great potential and advantages. 

It makes financial transactions more efficient, secure, and trustworthy through decentralization, improving 

the efficiency of economic transactions, innovating financial products, and changing the way of regulation 

[14-17]. However, it is also necessary to further strengthen technical research and development and 

standardization, improve relevant laws and regulations, and enhance user education and risk prevention to 

promote the healthy development of smart contract technology in financial transactions [18-19]. 

Referring to relevant research results, this paper theoretically analyzes and puts forward the research 

hypothesis that smart contract technology will enhance economic transaction efficiency. In the process of 

analyzing the impact of smart contract technology on economic transaction efficiency, credit mechanism is 

added as a mediating variable to explore the transmission mechanism between smart contract technology, 

credit mechanism and economic transaction efficiency. A regression model is constructed with smart 

contract technology as the core explanatory variable and economic transaction efficiency as the 

explanatory variable to empirically analyze the significant positive impact of smart contract technology on 

the improvement of economic efficiency by means of baseline regression analysis, endogeneity test, and 

mediation effect test. Credit mechanism evaluation is added to Fabric network nodes, and nodes are 

classified according to the node credit value evaluation mechanism. A verifiable random function is used to 

fairly extract the endorsing nodes, so as to ensure that each node in the candidate set of endorsing nodes 

has a chance to be selected. Deliver (seqno, prevhash, blob) event broadcasting is utilized so that all Peer 

nodes linked in the Fabric network and the same channel can receive it, which ultimately realizes the 

optimization of the smart contract transaction mechanism. The comprehensive scores of economic 

transaction efficiency before and after the implementation of the smart contract transaction mechanism 

optimization scheme are calculated respectively by principal component analysis. Based on the comparison 

results of the comprehensive score to argue the path possibility of smart contract technology in the 

economic transaction efficiency improvement. 

2. The impact of smart contract technology on the efficiency of economic 
transactions 

2.1. Theoretical analysis and research hypothesis 

1) Smart contract technology and economic transaction efficiency. Referring to relevant research results, 

smart contract technology can improve economic transaction efficiency through two ways, one is to reduce 

transaction costs to improve indirect efficiency, and the other is to utilize the superiority of the smart 

contract technology's own design to improve direct efficiency [20]. On the one hand, smart contract 

technology reduces transaction costs and indirectly improves economic transaction efficiency. Through 

smart contract technology to shorten the time of payment and settlement, thus reducing the cost of 

payment and settlement, mainly reflected in the smart contract technology by changing the original 

payment and settlement system operation mechanism, realize the interconnection between different 

accounts, greatly simplify the payment and settlement process, and smart contract technology can realize 
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the automation of payment and settlement. At the same time, smart contract technology can effectively 

reduce the supervision cost and settlement cost in the process of transaction settlement, and realize the 

direct payment and settlement of the main amount of the transaction in the case of less transaction cost or 

even zero transaction cost. The application of smart contract technology in cross-border payment enables 

both parties to make direct transactions and settlements, and reduces the cost of cross-border transaction 

settlement. On the other hand, smart contract technology utilizes its own design superiority to directly 

enhance the economic transaction efficiency. As a kind of distributed ledger technology, smart contract 

technology has the characteristics of district center, de-trust, smart contract, etc., which makes it possible 

to directly carry out peer-to-peer automated transaction and settlement between different transaction 

subjects, and improves the efficiency of economic transaction and settlement. Utilizing smart contract 

technology can be Xi'an automated transactions and settlements, simplify the transaction settlement 

process, and improve the transaction settlement efficiency. Transaction settlement documents are uploaded 

to the chain, realizing the common audit of the whole network and improving the efficiency of document 

audit. The use of data currency in smart contracts shortens the payment and settlement time and 

accelerates the capital turnover rate. In addition, the use of smart contract technology open and transparent 

characteristics of the transaction settlement behavior to implement effective supervision and improve the 

efficiency of transaction settlement supervision. In summary, the first hypothesis is proposed: 

Hypothesis 1: Smart contract technology can enhance the efficiency of economic transactions. 

2) Smart contract technology, credit mechanism and economic transaction efficiency. Between smart 

contract technology, credit mechanism and economic transaction efficiency, credit mechanism plays the 

role of intermediary effect. Smart contract technology reduces the transaction cost and improves the 

transaction efficiency by optimizing the credit mechanism. Specifically, the automated nature of smart 

contract technology reduces perceived errors and operational risks, and improves the reliability and 

security of transactions. Its transparency and traceability enhance market trust and stability. Its ability for 

instant settlement and clearing improves capital utilization. At the same time, the optimization of the credit 

mechanism promotes the wide application and development of smart contract technology in the financial 

field. Therefore, the 2nd hypothesis is proposed: 

Hypothesis 2: The credit mechanism plays an indirect intermediary role in the process of smart contract 

technology promoting the improvement of economic transaction efficiency. 

2.2. Study design 

2.2.1. Model setup. Synthesizing existing research, this paper argues that smart contract technology can 

directly or indirectly have an impact on economic transaction efficiency. In order to verify hypothesis 1 to 

test the direct impact of smart contract technology on transaction efficiency, the following basic model is 

established: 

 , 0 1 , , ,i t i t c i t i t i teff icon control            (1) 

In addition to the direct effect expressed in equation (1), the credit mechanism may have an indirect 

effect in the process of smart contract technology affecting the efficiency of economic transactions, so in 

order to test hypothesis 2, the following model is set up using the theory of mediation effect: 

 , 0 1 , , ,i t i t c i t i t i tcre icon control            (2) 

 , 0 1 , 2 , , ,i t i t i t c i t i t i teff icon cre control              (3) 

where the subscript ,i t   in Eqs. (1)-(3) represent provinces and years, respectively. 
,i teff   represents 

economic transaction efficiency. 
,i ticon  represents the level of smart contract technology development. 

,i tcre  represents the level of credit mechanism. 
,i tcontrol  represents control variables, including the level 

of regional economic development ( pGDP ), the price level ( rCPI ), the degree of marketization ( mar ), the 
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industrial structure ( stru ), the intensity of R&D expenditures ( RD ), the level of demographic dividend 

( demo  ), and the level of aging ( ageing  ).
i   denotes fixed effects for provinces and cities i   and 

t  

denotes fixed effects for years t . 
,i t  denotes the random perturbation term. 

2.2.2. Description of variables: 

1) Explained variable: economic transaction efficiency (
,i teff ). This paper draws on the evaluation system 

constructed by related studies to comprehensively evaluate the transaction efficiency from five dimensions: 
communication technology, infrastructure, energy, institutional environment, and urbanization level, and 
finally obtains the economic transaction efficiency index through principal component analysis. 

2) Explanatory variables: smart contract technology (
,i ticon  ): a comprehensive evaluation system is 

constructed from five perspectives of technological innovation, application practice, security, legal 
regulation and market acceptance, and a smart contract technology development index is obtained through 
principal component analysis. 

3) Mediating variable: credit mechanism (
,i tcre ): the level of credit mechanism in this paper is quantitatively 

measured by establishing a credit rating model, using mathematical modeling and statistical methods, and 
comprehensively considering the credit discipline of both parties to the transaction and other relevant 
factors. 

4) Control variables: with reference to related studies, the seven variables of regional economic 

development level ( pGDP ), price level ( rCPI ), degree of marketization ( mar ), industrial structure ( stru ), 

intensity of R&D expenditures ( RD ), level of demographic dividend (demo ), and level of aging (ageing ) 

are selected as control variables. 

2.3. Data sources and descriptive statistics 

In this paper, provincial panel data from 2014-2023 are used for empirical analysis, and the original data 

come from China Statistical Yearbook, China Science and Technology Statistical Yearbook, and statistical 

yearbooks of each region. The descriptive statistics of each variable are shown in Figure 1. The maximum 

value of economic transaction efficiency is 6.329, while the mean value is only 1.134, indicating that the 

overall level of economic transaction efficiency is low. The core explanatory variable smart contract 

technology development level also shows the same trend, and there is more room for improvement. The 

mean value of regional economic development water is 10.196, and the standard deviation is 0.839, 

indicating that the differences in the level of economic development across the region are relatively small. 

The standard deviation of the real consumer price level and the degree of marketization is 20.483 and 

20.256 respectively, indicating that there are significant differences between regions. The minimum value 

of the level of industrial structure is 15.897 and the maximum value is 61.096, indicating that the degree 

of transformation and upgrading varies greatly from place to place. The standard deviations of the levels 

of R&D investment, demographic dividend and aging are 2.306, 3.087 and 2.581 respectively, indicating 

that there is a small difference between places in these three aspects. 
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Fig. 1. Variable descriptive statistics 

2.4. Empirical results and analysis 

2.4.1. Benchmark regression analysis. The results of the benchmark regression [21] using the panel 
fixed effects model after Huasman test are shown in Table 1, where ***, **, and * denote significance at 
the 1%, 5%, and 10% levels, respectively. Column (1) adds only the core explanatory variable, the level of 

smart contract technology development (
,i ticon  ), and the regression coefficient of 

,i ticon   on economic 

transaction efficiency (
,i teff ) is significantly positive and passes the test at the 1% level. Column (2) Adding 

the control variables, the level of smart contract technology development promotes economic transaction 
efficiency at a higher significant level. Further panel quantile regressions are performed, and columns (3)-

(5) of Table 1 show the regression results. The effect of 
,i ticon  on 

,i teff  is significantly positive at the 

25th, 50th and 75th quantile and hypothesis 1 is confirmed. In terms of control variables there is a 
significant positive relationship between the level of regional development, the level of real consumer prices, 

the intensity of R&D expenditures, the demographic dividend and 
,i teff , indicating that variables such as 

regional economic development can significantly and positively affect the economic transaction efficiency 
of the region. 

Table 1. Benchmark regression 

Variable (1)eff  (2)eff  
(3)eff  (4)eff  (5)eff  

0.25 0.5 0.75 

icon  0.553*** 0.504*** 0.439*** 0.382*** 0.347*** 

pGDP   0.268*** 0.017*** 0.373*** 0.376*** 

rCPI   0.417*** 0.007*** 0.009*** 0.011*** 

mar   -0.008*** -0.003 -0.014*** -0.015*** 

stru   -0.006*** -0.016 -0.019** -0.021** 

R D   0.114* 0.128* 0.238* 0.249* 

demo   0.027** 0.047** 0.039** 0.037** 

ageing   -0.083** -0.085** -0.028** -0.036** 

_ cons  0.917*** 1.926*** 1.443*** 3.545*** 3.748*** 

Model  FE  FE  FE  FE  FE  
2R  0.782 0.779 0.762 0.748 0.732 

N  607 607 546 429 396 
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2.4.2. Endogeneity test. Considering the possible omitted variable bias problem and reverse causation 

problem in the measurement model of the impact of smart contract technology on economic transaction 

efficiency. Drawing on the idea of selecting instrumental variables in related studies, the smart contract 

status variable is introduced as the exogenous instrumental variable of smart contract technology 

development index, and the estimation results using two-stage least squares (2SLS) and limited 

information great likelihood (LIML) are shown in Table 2, where the robust standard errors are shown in 

the table (), and the symbols *** indicate that they are significant at the 1% level, the data in the [] indicate 

the hypothesis test P values, and within < > is the instrumental variable 10% maximum relative deviation 

critical value. When regression using instrumental variables method, it is necessary to test the validity of 

instrumental variables.2The test results under the SLS method show that comparing the Cragg-Donald 

Wald F value of the weak instrumental variables test with the critical value of 10% it is easy to see that it 

is much larger than the critical value, and it is considered that there is no problem of weak instrumental 

variables, and at the same time, the P value of the LM statistic is 0.000, and it rejects the unrecognizable 

original hypothesis. The selected instrumental variables can be considered valid. To determine that 2SLS 

indeed does not have a weak instrumental variable problem, the model is estimated using the limited 

information great likelihood estimation (LIML) method, as shown in column (2) of Table 2, which is found 

to be identical when compared to the estimated structure in column (1), and therefore it is reasonable to 

assume that the 2SLS method estimation is robust. The robustness of the main findings of the theoretical 

model is further illustrated. 
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Table 2. Endogenous test results 

Variable 
(1) (2) 

2SLS LIML 

icon  
0.948*** 

(0.0276) 

0.0948*** 

(0.0276) 

Control variable Control Control 

Cragg-Donald Wald F 
417.982 

<17.31> 
 

LM statistic 
134.686 

[0.000] 
 

2R  0.357 0.357 

N  607 607 

2.4.3. Robustness Tests. The robustness test of this paper adopts the idea of replacement estimation 

method, and Table 3 shows the results of the robustness test, where the numbers in [] are the P-values, 

and ***, ** and * indicate that they are significant at the 1%, 5% and 10% levels, respectively. The first-

order lagged term of the coefficient of economic transaction efficiency is significant, indicating that the 

economic transaction efficiency in previous periods has some inertia on the current period. From the P-

value of AR(1) is less than 0.05, the P-value of AR(2) is greater than 0.05, and the P-value of Sargan's over-

identification test is greater than 0.7, it can be concluded that there is no second-order or higher-order 

autocorrelation of the perturbation terms in the robustness test estimation results, and that all the 

instrumental variables of the robustness test are valid. The coefficient of the impact of the level of 

development of smart contract technology on the efficiency of economic transactions is, indicating that the 

benchmark regression results are robust to the conclusions of the theoretical model. 

Table 3. Robustness test results 

Variable Economic transaction efficiency index 

eff  
0.414*** 

(0.079) 

icon  
0.0328** 

(0.017) 

Control variable Control 

_ con  
4.713*** 

(0.289) 

Year fixed effect Control 

Provincial fixation effect Control 

N  607 

AR(1) 
-2.376 

[0.001] 

AR(2) 
1.584 

[0.137] 

Sargan test 
29.563 

[0.928] 

2.4.4. Mediated effects test. In order to explore the path of the impact of smart contract technology on 

economic transaction efficiency, this paper introduces the intermediary variable of “credit mechanism” and 

conducts an empirical test on its possible indirect role in the process of the impact of smart contract 

technology on economic transaction efficiency. The test results are shown in Table 4. The first column of 



60 Y. ZHANG 

the table shows the total effect of smart contract technology on economic transaction efficiency, and the 

results show that the effect of smart contract technology is significant. The second column tests whether 

the development of smart contract technology can have a significant effect on the level of credit mechanism, 

indicating that the development of smart contract technology can promote the level of credit mechanism. 

The third column tests whether the level of credit mechanism has an indirect effect in the process of 

promoting the economic transaction efficiency by the development of smart contract technology, and the 

results are still significant, indicating that the mediating role of credit mechanism does exist, and testing 

hypothesis 2. 

Table 4. Intermediate effect test results 

Variable 
eff  cre  eff  

(1) (2) (3) 

icon  0.471** 0.182*** 0.367*** 

cre    0.399*** 

pGDP  0.085** 1.276*** 0.037 

rCPI  0.023 -0.039*** 0.028*** 

mar  -0.054* 0.018*** 0.017 

stru  -0.049* -0.312*** -0.074*** 

R D  0.109* 0.298*** 0.159 

demo  0.023** -0.085*** -0.013* 

ageing  -0.079** -0.068*** 0.016 

_ cons  1.983** 3.369*** 1.141*** 
2R  0.568 0.779 0.667 

N  607 607 607 

P value  0.000 0.000 0.000 

Intermediate effect test Sobel test: Z=2.682***,proportion of  intermediate effect:16.74% 

3. Optimization of Fabric Trading Mechanism Based on Improved Credit Models 

From the previous analysis, smart contract technology can have a significant positive impact on economic 

transaction efficiency, and the credit mechanism plays the role of mediating variable in the process of smart 

contract technology's improvement of economic transaction efficiency. At the same time, measured by 

empirical data, the economic transaction efficiency and the development level of smart contract technology 

are both in a low state. Based on this research conclusion, this paper will explore the program to improve 

the level of smart contract technology and economic transaction efficiency. In order to solve the security 

problems in the process of smart contract transaction, this section adds the credit mechanism assessment 

to the nodes in Fabric network to improve the defense and transaction efficiency of nodes. 

3.1. Mechanism for node credit value assessment 

The system performs preliminary credit value assessment and grading of the nodes and grades the Peer 

nodes based on the credit assessment score and the nodes with a grade of “ A  ” are selected into the 

candidate set of endorsed nodes. The behaviors of the nodes in the network are recorded one by one for 

calculating the credit value of the nodes. The grade between nodes dynamically transforms with the credit 

value. 

Node attributes add credit value attribute which can be defined as: 

 
, , , ,

_ , _ ,

ID Address Type OnTime Storage
Node

Rate Var Rate SprTrust TrustLel
  (4) 
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where: ID   is the node serial number. Address   is the node address. Type   is the type of the node. 

OnTime   is the online duration of the node. Storage   is the storage capacity. _Rate Var   is the 

verification rate. _Rate Spr  is the propagation rate. Trust  is the trust value of the node. TrustLel  is 

the node trust value level. 

Node credit value level can be defined as: 

 , , ,TrustLel A B C D  (5) 

where the node trust value is divided into four levels A , B , C  and D . 

In Fabric network, the credit value consumption is satisfied by the formula: 

  
1

, ,
n

i
f

i r

t
Trust S D M r p e

t

     


  (6) 

where, r  denotes the role of the node, e  denotes the endorsing node, and p  denotes the node other 

than the endorsing node. Trust  denotes the consumption value of the node credit, it  denotes the actual 

running time of the node in executing the transaction, tr  denotes the time constant set by the system, 

and te  denotes the time constant set by the system for the endorsing node in the process of endorsing 

the node, in the case of the endorsing node completing the endorsement within the stipulated time, the 

node's credit value will not change, and conversely, it will consume the credit value. S  is a constant set 

by the system indicating the rate of node credit value consumption, which can be set in Fabric network 

according to the actual situation. D  indicates the duty factor of the node, which is different for endorsing 

nodes and other nodes, and 
fM  indicates the number of errors made by the node. 

If the node performs well in executing the transaction, the credit value points can be increased, and the 

corresponding calculation formula is: 

 * TTrust D M   (7) 

where, Trust  denotes the increased value of node credit, D  denotes the responsibility coefficient of 

node roles set by the system, and TM  denotes the number of nodes accurately completing the transaction 

tasks over a period of time. 

Therefore, the formula for calculating the node credit value can be summarized as: 

 1TTrust Trust Trust Trust    (8) 

where Trust denotes the latest credit value of the node and 1TTrust   denotes the node credit value of the 

node in the previous period. 

3.2. Optimization Options for Fabric Trading Mechanisms 

3.2.1. Optimize program design. The design of Hyperledger Fabric transaction mechanism optimization 

scheme based on node credit evaluation mechanism is as follows: 

1) The system extracts the candidate set of endorsing nodes. The system divides the nodes into grades 

based on the node credit value assessment mechanism, and the division ratio is 20%, 30%, 30%, and 20%, 

and all the nodes with grade A are classified as the candidate set of endorsing nodes. 

2) Client-side generation of transaction proposal. The client creates a transaction proposal, which mainly 

contains chain code parameters and calling parameters, and sends it to the endorsing nodes in PROPOSE 

message format.The PROPOSE message contains tx  transaction field and one optional parameter, and 

in order to extract endorsing nodes in the candidate set of endorsing nodes, a random parameter is added 

x . After that, the client packages all the messages and signs them: 

  , , ,PROPOSE PROPOSE tx x anchor sig  (9) 
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The client sends transaction proposals to all nodes in the candidate set of endorsing nodes according to 

the addresses of the candidate set of endorsing nodes provided by the system. 

3) Extraction of endorsing nodes. According to the random parameter x of the transaction proposal, the 

endorsing node in the candidate set of endorsing nodes is extracted as the endorsing node for the 

transaction. To ensure that every node in the endorsement candidate set has a chance to be selected, a 

verifiable random function is used to extract the endorsement nodes fairly [22]. 

All the nodes in the candidate set of endorsing nodes receive the transaction proposal, first of all, they 

have to verify their identity, using the parameter x in the transaction proposal and the client's own private 

key, using the VRF_Make Proof algorithm to determine the identity, if the output is yes, then it is an 

endorsing node, if the output is no, then it means that it has not been extracted as an endorsing node, and 

this node does not need to carry out the execution of the subsequent endorsing process. Being extracted as 

an endorsing node then the signature is verified and the signature verification is passed then the 

endorsement process is executed. According to the cid and p parameters in the transaction proposal, the 

specified smart contract is invoked to generate the transaction result. 

4) Client collects endorsement information. The success of transaction endorsement is verified in two ways: 

(1) The client needs to collect enough endorsement information within a certain time interval to satisfy 

the endorsement strategy, then the transaction can be considered as successfully endorsed. 

(2) The client collects enough credit values within a certain time interval to reach the set credit value 

threshold, then the transaction is considered to be successfully endorsed.The set credit value threshold in 

Fabric network depends on the specifics of each transaction, and the set formula is: 

 
1

1 n

i

i

Tr tr
n




 
  
 
  (10) 

where, Tr  denotes the credit value threshold set by the client, n  denotes the number of candidate sets 

of endorsing nodes, itr  denotes the credit value of each endorsing node in the candidate set, and   is the 

number of endorsing nodes set for this transaction. 

If neither of the two approaches is completed within a certain time, the client discards the transaction or 

tries to submit the transaction again. 

5) Transaction Sorting. If the transaction is successfully endorsed, the client uses the broadcast(blod) 

method (endorsement information) to call the consensus service for broadcasting, and the sorting node 

uses the consensus service to sort the transaction, pack it into a block and sign it, and then broadcasts it 

using the deliver(seqno,prevhash,blob) event, which is received by all Peer nodes linked in the Fabric 

network and in the same channel. Peer nodes in the same channel can receive it. 

3.2.2. Optimization scheme performance analysis: 

1) Security Analysis. Due to the original Hyperledger Fabric setup, the endorsement results collected by 

the client need to be consistent in order to pass the verification, if the adversary attacks an endorsement 

node resulting in inconsistent endorsement results, the transaction cannot pass the verification. In the 

optimization scheme of this paper, this is improved by adding the credit value to the judgment, even if the 

endorsement results collected by the client are inconsistent, the total credit value collected can be used 

again for judgment, and the credit value is enough to pass the verification. 

Without considering the credit value, if an adversary attacks an endorsing node, the probability is: 

    1 1 11
1 1n n

nP C
n

         (11) 

where, n  is the number of candidate set of endorsing nodes and   is the threshold set when randomly 
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selecting endorsing nodes. The probability of an adversary attack is: 

 
 

 

1 ,0

1 , 2

ii n i

k

i ii k n i

n k

C i k
p

C k i k

 

 



 



   
 

  

 (12) 

2) Transaction Latency. Transaction latency is the time experienced by each transaction in the 

Hyperledger Fabric network from the time it is initiated to the time the transaction is committed, i.e: 

 f tDT T T   (13) 

where DT denotes the time delay of a transaction, 
fT  denotes the initiation time of the transaction, and 

tT  denotes the time of the transaction being submitted. The two factors affecting the transaction delay in 

this scheme are: the optimization scheme adds a random sampling process for the endorsing nodes, which 
can be verified that the operation of the random function will have a certain impact on the transaction delay, 
and the other factor is that the optimization scheme improves the determination strategy of the endorsing 
results, which speeds up the verification of the endorsing results, and it has a positive impact on the 
transaction delay. 

3.3. Optimization Program Performance Testing 

3.3.1. Security analysis. In the original scheme, the client will compare all the received endorsement 

results, and will continue the transaction only if all of them are the same. Therefore, even if the adversary 

successfully attacks only one endorsing node, the client will terminate the transaction because of the 

inconsistency of the endorsed results, even if the decision strategy is changed to more than half of the 

endorsed results are consistent, the endorsed results are valid, under this circumstance, the adversary can 

completely control the endorsed results of the transaction when the number of malicious nodes in the 

endorsed nodes is more than half, thus affecting the correctness of the transaction content. In the 

optimization scheme, the client no longer needs to get the endorsement result of all the endorsing nodes, 

which makes the probability of the attacker to influence the transaction lower. The same is the success of 

an attack on a candidate endorsement node, if the adversary tries to influence the transaction, it is necessary 

to endorse only one endorsement node in the candidate set of endorsement nodes, and this node is the node 

that has been successfully attacked by the adversary. 

In the case of 10, 0.4; , (0, ]n k i n   , the variation of the probability of successful adversary attack 

is shown in Fig. 2. As can be seen from Fig. 2, the probability of successful attack by the adversary increases 

with the number of controlled nodes, and the trend of change is exponential. Although the probability of 

successful attack will be close to 100% when the adversary controls all the candidate endorsing nodes 

(there may be cases where no endorsing nodes are generated, so the probability is not 100% but 1 n ), 

when the adversary does not fully control the endorsing nodes, the adversary can still be guaranteed to 

succeed in the attack with a lower probability, and thus different strengths of the security requirements 

can be satisfied by setting   and n  to ensure the transaction security of the mechanism. 
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Fig. 2. Probability of successful enemy attack 

3.3.2. Analysis of transaction delays: 

1) Single trader transaction latency. For the single trader contract account, the number of nodes k is set to 

10, 20, and 30, respectively, and the contract transaction latency is tested in the simulated blockchain 

environment. The delay data derived from the log analysis is shown in Fig. 3, and (a) and (b) indicate the 

impact of the determination strategies of verifiable random function and endorsement result on the 

transaction delay under different nodes, respectively. From the figure, it can be seen that both the 

determination strategies of verifiable random functions and endorsement results have an impact on the 

latency of the transaction. With the increase in the number of nodes and the increase in the number of 

transactions submitted by a single trader, the latency becomes higher, and the practical application can be 

considered to reduce the latency from the number of nodes and the number of transactions submitted in 

this way. In real trading scenarios the transaction volume cannot be reduced, and even higher transaction 

volumes can occur, so the optimization scheme in this paper optimizes the number of endorsing nodes by 

changing the fixed endorsing nodes to randomly selected multiples of the nodes, which can further reduce 

the latency of the transaction. 

 

(a) Verifiable random function 
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(b) Decision strategy 

Fig. 3. Different endorsement node transaction delays 

2) Multi-trader trading delay. In actual trading scenarios, there are often multiple traders with 

simultaneous trading needs, and each trader's trading needs may be different, this scenario to meet the 

trader's personalized concurrent transactions is particularly important. Multi-trader transaction delay 

results are shown in Figure 4, the larger the graphical area indicates that the higher the transaction delay. 

Each trader has a separate smart contract account, and multiple trading processes can be executed 

concurrently. In fact, the number of concurrent transactions is only needed to be less than the capacity of 

a single block, and all transaction delays are expected to be completed within one block generation time. 

The transaction mechanism optimization scheme proposed in this paper exhibits lower transaction latency 

during concurrent multi-dealer transactions compared to the comparative schemes A, B, C, and D, and the 

advantage is more obvious with the increase of traders. Therefore, the optimization scheme in this paper 

can more effectively satisfy the transaction demand when multiple traders trade concurrently. 

 

Fig. 4. Multi-traders transaction delay 

4. Analysis of efficiency gains in economic transactions 

This paper analyzes the impact of smart contract technology on economic transaction efficiency in Section 

2, and the results show that smart contract technology has a significant positive impact on economic 

transaction efficiency. It also concludes that economic transaction efficiency is associated with a low level 

of development of smart contract technology. Therefore, this paper importantly explores the transaction 

mechanism optimization scheme based on the improved credit model in Section III, which enhances the 
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security in smart contract technology through the optimization of the selection of endorsement nodes and 

reduces the smart contract transaction delay, thus improving the smart contract transaction efficiency. 

This section will comprehensively compare the changes in economic transaction efficiency measures after 

the optimization of the smart contract transaction mechanism, and verify the role of smart contract 

technology in improving economic transaction efficiency through quantitative methods. The data source 

and the measurement method of economic transaction efficiency in this section are consistent with that of 

Section 2, the research area is selected from 31 provinces (cities and districts) in China, and the research 

time is selected from 2014 to 2023. 

4.1. Analysis of Transaction Efficiency Improvements 

Using the principal component analysis method to calculate before and after the implementation of the 

smart contract trading mechanism optimization scheme respectively, Table 5 and Table 6 show the 

comprehensive scores of trading efficiency respectively. The serial numbers 1-31 in the table indicate 31 

provinces (cities and regions) such as Beijing and Tianjin, respectively. From the table, it can be seen that 

the comprehensive score of economic transaction efficiency after the optimization of smart contract trading 

mechanism has a significant improvement compared with the pre-optimization, in which the average value 

of the comprehensive score of transaction efficiency in Guangdong, Jiangsu, Shanghai, and Beijing has 

improved by 20.18%, 24.52%, 33.77%, and 35.54%, respectively. According to the research theory in section 

2, the optimization of smart contract technology transaction mechanism firstly promotes the improvement 

of economic transaction efficiency directly through the improvement of the development level of smart 

contract technology. At the same time, the optimization of smart contract transaction mechanism enhances 

the credit mechanism of traders in smart contracts, which further promotes the improvement of economic 

transaction efficiency under the intermediary effect of credit mechanism. 

Table 5. Efficiency overall score(Before) 

Region 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 Mean 

1 12.82 13.84 14.39 16.62 17.43 18.13 19.85 19.22 17.98 16.77 16.64 

2 6.01 6.91 7.80 8.10 9.91 9.08 9.38 8.97 9.73 7.81 8.28 

3 6.27 6.99 7.45 8.16 9.42 9.38 10.88 10.87 9.97 8.85 8.81 

4 3.84 5.01 5.28 5.11 6.47 6.91 7.28 7.13 7.47 6.52 6.03 

5 4.35 5.10 5.45 5.17 6.13 5.98 7.18 7.38 7.82 5.89 6.02 

6 7.78 8.70 9.42 9.42 10.36 9.94 11.21 10.51 11.9 9.69 9.81 

7 4.23 4.70 5.59 5.61 6.72 6.30 6.91 7.07 8.11 5.66 6.07 

8 4.71 5.58 5.49 6.58 7.96 6.20 6.75 7.31 8.28 6.66 6.45 

9 10.29 11.47 12.20 13.16 14.82 15.37 15.42 15.87 15.40 13.88 13.71 

10 15.32 17.39 18.69 19.70 22.21 24.41 25.99 26.37 23.17 21.26 21.41 

11 10.06 10.65 12.15 13.23 13.79 14.97 16.94 17.38 16.80 13.87 13.97 

12 5.38 6.26 7.15 7.38 7.97 8.30 9.29 10.31 10.47 7.81 8.02 

13 5.86 6.59 7.06 7.71 9.71 8.70 9.60 9.59 11.14 8.83 8.37 

14 3.70 4.73 4.29 5.93 5.75 6.93 7.30 7.52 8.68 6.40 6.11 

15 10.14 10.67 12.49 14.45 15.42 16.52 17.84 18.98 18.53 14.96 14.97 

16 6.31 7.64 7.93 8.61 10.25 11.29 12.64 12.88 13.80 10.16 10.09 

17 6.78 7.62 9.13 9.64 10.6 11.03 11.75 12.92 12.60 10.45 10.21 

18 5.58 6.06 7.44 7.71 8.43 8.92 9.99 10.69 10.86 8.05 8.36 

19 16.83 19.04 20.65 22.83 26.37 27.51 30.67 32.6 30.51 24.69 25.13 

20 3.57 4.87 4.78 4.82 6.98 6.28 7.42 7.23 7.98 6.16 5.91 

21 2.85 3.14 2.95 4.09 5.62 4.53 4.61 5.07 5.47 3.64 4.08 

22 4.40 4.68 5.22 6.12 6.94 8.10 8.42 8.71 8.43 7.35 6.80 
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23 6.76 7.31 8.29 8.83 10.34 11.63 13.06 13.55 13.46 11.13 10.43 

24 2.56 2.99 4.07 3.66 5.20 5.84 5.71 6.60 6.82 4.61 4.72 

25 2.93 3.39 4.53 4.88 5.83 6.46 6.34 6.91 6.80 5.64 5.33 

26 1.28 1.53 1.52 1.69 3.06 2.31 2.49 3.04 3.73 2.42 2.21 

27 5.53 5.55 6.42 6.66 9.26 8.05 9.46 9.63 9.62 7.20 7.63 

28 2.37 3.81 3.74 4.35 5.61 5.15 4.95 5.54 5.88 3.89 4.42 

29 1.88 2.80 2.24 2.07 2.69 3.01 2.89 3.98 5.04 2.55 2.85 

30 2.83 2.98 3.27 3.47 3.83 3.58 4.00 4.19 5.76 4.05 3.78 

31 3.82 4.71 4.49 5.16 5.73 6.02 6.98 6.4 6.9 5.33 5.50 
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Table 6. Efficiency overall score(After) 

Region 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 Mean 

1 28.02 18.40 18.09 22.79 26.93 26.55 25.60 22.98 25.12 20.82 23.53 

2 17.94 16.08 8.79 11.37 11.24 16.76 18.31 11.79 14.18 9.61 13.61 

3 15.34 8.17 11.50 16.07 13.07 10.41 12.64 16.95 13.26 9.04 12.65 

4 20.17 5.97 6.71 6.28 6.74 14.06 15.81 15.06 17.4 10.57 11.88 

5 13.51 12.61 11.03 6.03 16.00 11.67 16.57 7.45 9.54 13.96 11.84 

6 20.22 17.34 17.88 15.70 12.01 17.42 21.46 12.43 18.59 12.46 16.55 

7 14.79 14.81 14.36 8.64 6.88 13.73 11.13 14.42 9.82 9.56 11.81 

8 14.56 9.46 9.13 10.43 10.95 10.16 11.94 15.87 18.47 14.26 12.52 

9 15.38 12.50 17.02 14.26 16.98 20.93 22.37 17.02 23.38 23.60 18.34 

10 23.79 25.73 23.72 26.58 23.85 24.85 28.94 35.61 27.16 26.38 26.66 

11 15.71 12.15 19.17 20.06 22.12 23.63 18.34 22.53 26.82 21.28 20.18 

12 9.21 12.81 7.77 17.33 15.54 15.13 9.96 11.54 14.58 17.75 13.16 

13 14.57 10.50 12.96 15.11 18.48 11.27 18.85 10.98 12.45 11.48 13.67 

14 17.91 13.31 10.12 12.68 9.59 14.30 11.86 15.23 12.38 10.17 12.75 

15 13.51 20.19 21.94 18.92 21.53 19.27 19.63 22.95 20.39 24.61 20.29 

16 13.49 14.98 14.03 13.89 11.37 14.40 13.54 13.71 23.31 11.83 14.46 

17 14.20 16.71 14.51 16.45 12.94 14.76 12.24 14.48 22.81 15.41 15.45 

18 23.44 13.87 10.46 14.09 16.08 9.70 12.81 16.92 17.94 13.43 14.87 

19 26.44 21.46 23.95 32.74 26.46 30.92 36.40 38.34 32.95 32.33 30.20 

20 11.96 10.96 12.03 11.03 12.51 9.62 10.28 7.95 11.34 12.88 11.06 

21 13.18 8.60 12.76 9.76 14.02 9.51 11.86 5.81 15.59 11.67 11.28 

22 10.03 7.60 11.55 9.75 9.09 17.03 14.36 11.44 8.51 13.56 11.29 

23 19.81 11.11 15.26 15.92 11.78 11.95 17.86 13.64 14.97 12.71 14.50 

24 6.72 10.42 11.14 7.20 13.31 6.14 9.63 14.38 14.6 10.20 10.37 

25 13.70 10.04 13.84 11.90 10.91 8.24 7.12 12.15 8.50 15.53 11.19 

26 15.49 6.47 3.66 6.29 4.91 8.48 6.04 7.23 7.13 6.31 7.20 

27 15.91 10.33 6.68 6.97 15.26 13.48 15.21 12.76 13.16 14.17 12.39 

28 10.97 11.02 6.48 12.98 14.51 14.59 13.86 10.21 15.86 10.82 12.13 

29 11.18 7.64 4.52 10.79 11.39 10.73 9.19 8.69 10.32 8.93 9.34 

30 14.3 9.23 9.55 8.55 7.21 10.9 8.47 12.42 8.67 5.17 9.45 

31 12.26 8.96 10.05 13.29 14.20 13.07 12.18 15.64 14.35 5.83 11.98 

4.2. Paths for realizing transaction efficiency improvements 

Smart contract technology is a blockchain-based technology that automates the execution of contract terms. 

It is capable of automating, controlling and documenting related transactions and actions. Potential paths 

to improve the efficiency of economic transactions using smart contract technology why be realized 

through the following: 

1) Automating Processes 

The use of smart contracts can automate many of the transaction processes that traditionally require 

human intervention, such as payment processing, clearing and settlement. This can reduce errors and 

delays while lowering transaction costs. 

2) Disintermediation 

Smart contracts can reduce transaction costs and increase efficiency by directly connecting sellers and 

buyers without an intermediary. For example, in a real estate transaction, a smart contract can 

automatically transfer funds from the buyer to the seller once all pre-set conditions are met (e.g., a passed 
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home inspection). 

3) Improve transparency and traceability 

All operations of a smart contract are recorded on the blockchain, which means all transactions are 

transparent and traceable. This helps build trust and reduce fraud. 

4) Enhanced Security 

Since smart contracts are stepped on the blockchain, their data and logic are tamper-proof, thus 

providing a higher level of security than traditional contracts. 

Through the implementation of these paths, smart contract technology is expected to increase the 

efficiency of economic transactions, reduce costs, and create new business opportunities in several areas. 

5. Conclusion 

This paper focuses on exploring the contribution of smart contract technology to the improvement of 

economic transaction efficiency. Empirical analysis is used to study the impact of smart contract technology 

on economic transaction efficiency. The optimization of Fabric trading mechanism is realized based on 

credit model. Illustrate the extent of the enhancement of economic transaction efficiency by the 

optimization of smart contract transaction mechanism by means of quantitative comparative analysis. 

In the benchmark regression analysis, the regression coefficient of the development level of smart 

contract technology on economic transaction efficiency is significantly positive and passes the test at the 

1% level. At the same time, the endogeneity test and the robustness test both indicate the stability and 

validity of the conclusions of the theoretical model between smart contract technology and economic 

transaction efficiency constructed in this paper. It indicates that smart contract technology has a significant 

direct positive facilitating effect on the improvement of economic transaction efficiency. The results of the 

mediation effect test indicate that the development of smart contract technology can promote the 

improvement of the level of credit mechanism, and the level of credit mechanism has an indirect effect in 

the process of the development of smart contract technology to promote the improvement of economic 

transaction efficiency. The mediating role of credit mechanism in the improvement of economic efficiency 

by smart contract technology is explained. 

The comprehensive score of economic transaction efficiency after the optimization of smart contract 

transaction mechanism has a significant improvement compared with the pre-optimization period, in which 

the average value of the comprehensive score of transaction efficiency in Guangdong, Jiangsu, Shanghai, 

and Beijing is improved by 20.18%, 24.52%, 33.77%, and 35.54%, respectively. It indicates that the 

optimization of smart contract technology transaction mechanism directly promotes the improvement of 

economic transaction efficiency through the improvement of the level of smart contract technology 

development. At the same time, the optimization of smart contract transaction mechanism enhances the 

credit mechanism of smart contract, which further promotes the improvement of economic transaction 

efficiency under the intermediary effect of credit mechanism. 
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