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Abstract
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The rapid development of urbanization and the ever-changing consumers’ demands are constantly changing the urban logistics industry, imposing challenges on logistics service providers to improve customer satisfaction which is one of the indicators for the sustainability of urban logistics. Existing customer satisfaction evaluations are based on a questionnaire survey, which is time-consuming and labor intensive. Moreover, the logistics data are confidential and can only be accessed by the stakeholders in existing logistics models, causing the problem of information non-transparency among logistics enterprises and the third authorities like banks and governments, which may hinder the sustainable development of urban logistics. In this paper, we propose a blockchain-based evaluation approach for customer satisfaction in the context of urban logistics. Four criteria affecting customer satisfaction in urban logistics are identified. A machine learning algorithm Long Short-Term Memory (LSTM) is adopted to predict customer satisfaction in the future period. The implementation is demonstrated to illustrate the proposed approach. A smart contract is designed for compensation and/or refund to customers when their satisfaction with the delivery services is at a low level. 
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1. Introduction
[bookmark: OLE_LINK23][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK8][bookmark: OLE_LINK25][bookmark: OLE_LINK26]Urban logistics aims to improve efficiency, mitigate the negative impact of logistics processes and activities, and support the sustainable development of cities (Anderson et al. 2005, Macário et al. 2008, Lagorio et al. 2016, Graham et al. 2015). Since there is a wide range of main bodies involved in urban logistics, including production enterprises, suppliers, wholesalers, retailers, logistics enterprises, etc., the government usually needs to be involved in planning activities and strategy formulation of urban logistics to achieve sustainable urban logistics (Muñuzuri et al. 2005). However, the notion of sustainability varies for each stakeholder due to the differences in the perspectives (Gonzalez-Feliu et al., 2014). For example, public stakeholders (e.g. the authorities) may be more concerned about environmental issues like congestion, pollution, global warming, and noise, while not harming urban development and creating more employment as possible. Private stakeholders (e.g. logistics service providers, manufacturing enterprises, and retailers) may care more about economic efficiency and benefits because they believe better economic benefits make them survive, and then they can fulfill their social responsibilities and environmental protection and contribute to the sustainability of urban logistics. 
[bookmark: _Hlk35560699]Another problem is the data availability for the government to be involved in planning activities and strategy formulation of urban logistics. According to Kaszubowski (2019), when evaluating freight models, data availability refers to two aspects: day-to-day availability of data, and long-term adaptation of data acquisition system (i.e. reliability). Data availability is often regarded as the main problem in urban freight modeling. It enables people the ability to evaluate how policies impact distribution patterns (Nuzzolo and Comi, 2015; Danielis et al., 2010). It is also confirmed that the information barrier is the main problem in the adoption of innovation in transport policies (Marsden et al., 2011). Therefore, authorities need to access related data to make better decisions on policy-making for the sustainability of urban logistics. For example, the authorities in some metropolis usually have traffic control  policies, which leads to the restricted passage of urban logistics vehicles. Hence,  the authorities must access the data of the logistics service providers to evaluate transportation models for better decision making on policy-making. Logistics cannot be separated from capital flow, and logistics finance can effectively solve the financing difficulties of logistics enterprises. Therefore, financial institutions like the banks need to access the data of logistics service providers to evaluate the state of operation to decide whether and to what extent to give financial support to enterprises such as provide loans to them. As previously mentioned, the economic sustainability of enterprises is the prerequisite of sustainable urban logistics. If the decisions of the authorities or the banks hurt the economic benefits of enterprises, the sustainability of urban logistics will also be indirectly affected.
Customer satisfaction affects market sharing that impacts firms’ benefits, which creates value for enterprises (Streimikiene et al., 2016). Some studies also identified customer satisfaction as one of the indicators of logistics sustainability (Patier and Browne, 2010; Gonzalez-Feliu, 2018a; Gonzalez-Feliu, 2018b). Despite the fact, the evaluation criteria and indicators of customer satisfaction, however, is less mentioned in the context of sustainable urban logistics. Besides, traditional customer satisfaction methods are usually conducted to rely on a questionnaire survey, it can only be conducted among several core collaborative enterprises because of the limitation of time and labor (Hill et al. 2017, Grigoroudis & Siskos, 2009). Moreover, the results are of strong subjectivity since the questions are mainly qualitative rather than quantitative. Therefore, it is necessary to develop a quantitative evaluation approach that does not requires a questionnaire survey for customer satisfaction. However, the information and data on customer satisfaction are private and classified (Zhao et al. 2019). Even if the results are not ideal enough, the logistics enterprises can tamper and falsify the results easily, which may mislead the government, and banks make inappropriate policies and decisions (Lan et al. 2016). This is an obstacle to sustainable urban logistics. Hence, it makes good sense to explore a mechanism of information sharing for stakeholders of urban logistics.
Blockchain is a new application model of distributed data storage, peer-to-peer transmission, consensus mechanism, encryption algorithm, and other computer technologies (Iansiti et al. 2017, Crosby et al. 2016). It allows nodes to build a trust basis through recording the point-to-point decentralized transactions in an immutable way via the attached timestamp, thereby improving system efficiency and reducing the cost without relying on third central agents (Zheng et al. 2018, Li et al. 2018). In this paper, blockchain is utilized to provide a reliable and secure environment to share some logistics information and the result of customer satisfaction evaluation among the network of stakeholders of urban logistics, such as the government, logistics service providers, and banks.
[bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: _Hlk35551682][bookmark: _Hlk35552362]Machine learning is adapted to predict the evaluation results of the next periods. In this paper, we choose four criteria to evaluate customer delivery satisfaction. All the data of these criteria are calculated from the raw data from the logistics system. After converting the raw data in logistics system to the data of evaluation criteria for customer delivery satisfaction, the machine learning is used to predict the performance of the logistics enterprises, which is helpful to the sustainability evaluation by the authorities or the banks, leading to them to make better decisions (Li et al. 2019). In this paper, LSTM, a recurrent neural network (RNN) architecture, is utilized for making predictions of performance for the coming period based on the existing data in the logistics system. LSTM is suitable for processing and predicting important events with a very long interval and delay in time series. It is difficult for traditional neural networks to predict the following results by using the previous information, while LSTM makes a difference. Specifically, the previous data can influence the prediction results of customers' satisfaction of the coming period, and the older the data, the lower the impact. Therefore, LSTM ensures that its predictions are influenced more by recent data, which is usually in accordance with reality.
[bookmark: _Hlk23443903]The main contributions of this paper are as follows: (1) we propose a customer delivery satisfaction evaluation approach in urban logistics based on blockchain. Compared with the existing model, the proposed approach can achieve the automated evaluation of customer satisfaction in urban logistics for social sustainability. (2) The blockchain technology enables the data used to evaluate customer delivery satisfaction are transparent and tamper-proof, ensuring the authenticity of the information, which can help government authorities and banks to know the reality and then make better decisions. (3) An experimental simulation was conducted in the context of a food logistics chain, the feasibility of the proposed approach is evaluated through a three layers logistics structure, which are suppliers, logistics enterprises, and retailers. The time consumption and difficulty of blockchain implementation are also evaluated to verify the feasibility.
The rest of this paper is as follows: section 2 presents a literature review. Section 3 proposes the overall approach.  Customer delivery satisfaction is evaluated in section 4. An experimental simulation in the context of a fresh food materials urban logistics is conducted to verify the proposed approach. Discussion and conclusion are presented in sections 6 and 7, respectively.

2. Literature review
In this section, the relevant literature will be reviewed from three aspects: urban logistics, customer satisfaction evaluation, and blockchain in logistics and supply chain.
[bookmark: _Hlk33733053]2.1 Sustainable urban logistics
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Urban logistics, also known as city logistics, has not yet been defined uniformly. Taniguchi (1999) defined the urban logistics system as the market activities considering the urban traffic environment, congestion, energy conservation, and labor cost reduction. Muñuzuri et al. (2005) defined urban logistics as an optimal process for logistics and transport activities by logistics providers in urban areas considering the traffic environment, traffic congestion, and energy consumption under the context of a market economy. Gammelgaard (2015) considered urban logistics as the set of all coordinated measures consisting of logistic collection and delivery activities by logistic service providers in urban areas that aim to reduce or prevent the commercial traffic and its negative external effects. Differences definitions lead to a variety of research perspectives. Some studies focused on the impacts on the logistics activities and urban environment of various factors (Melo and Baptista, 2017; Aljohani and Thompson 2016; Sakai et al., 2017). Some studies concentrated on the evaluation criteria and indicators of urban logistics sustainability (Allaoui et al, 2015; Gonzalez-Feliu and Morana 2014; Buldeo et al, 2018). Some researchers were more interested in the technological impacts on urban logistics (Crainic and Montreuil, 2016; Fazili et al., 2017; Pan et al., 2017). Nevertheless, urban logistics involves multiple stakeholder groups, public or private, such as the authorities, logistics service providers, retailers, etc., each of which influences, directly or indirectly urban logistics operations and activities. Moreover, environmental factors, such as traffic and congestions, pollutant emissions, and noise, also impact urban logistics, especially in the context of the rapid development of urbanization and the rise of e-commerce in recent years. 
The concept of sustainability was introduced into urban logistics to solve the above problems. Sustainable development is essentially described as an organizational principle aimed at bringing human societies to a desirable future state in which living conditions and the use of resources meet human needs while not constituting a danger to the continuity and development of natural systems (Gonzalez-Feliu, 2018). Sustainability is generally categorized into the economic sphere, environmental sphere, and social sphere. (Behrends et al., 2008; Morana, 2014; Gonzalez-Feliu and Morana, 2014).
Recently, in order to reduce the negative impacts of logistics activities on traffic congestion, and to increase sustainability, many studies on urban logistics planning and sustainable development have made their efforts. Anderson et al. (2005) discuss how urban freight activity can function to meet urban sustainability objectives. It considers the operational, financial, and environmental effects of four policy measures to evaluate the importance and negative impacts of freight transport. Behrends et al. (2008) proposed a definition of sustainable urban freight transport (SUFT) based on existing theories and concepts and develops an indicator set that describes SUFT. Giret et al. (2018) propose a framework that aids to register and measure a set of sustainable Key Performance Indicators (KPIs) for delivery routes and plans in urban zones. The approach is general and based on a set of well-defined KPIs from the specialized research field. Bandeira et al. (2018) proposed a fuzzy multi-criteria model for evaluating sustainable urban freight transportation operations. They studied sustainability from the perspective of the logistics operators. Kaszubowski (2019) presented a method which helps local authorities to evaluate urban freight transport models. A consistent set of criteria was developed to help with parameterizing strategic objectives and the analytical requirements of tools to achieve the objectives of local authorities. Sirjean et al. (2019) address the topic of sustainability in the wholesaling trade by stressing, in particular, the regulatory constraints that weigh on urban logistics and which wholesaling trade must take into account. Szymczyk and Kadłubek (2019) analyzed new solutions for the city distribution tested based on the smart freight concept concerning the problem of urban traffic and zero-emission zones. Ju et al. (2019) focus on integrated LSSCs by using an integrator’s opportunistic behavior as the entry point of research and investigates the factors that affect the sustainability of LSSC performance. The results show that integrators with opportunistic behavior inhibit the information-sharing behavior of supply chain members. To measure the sustainable performance of urban logistics pooling systems, Gonzalez-Feliu and Morana (2014) proposed a database of urban routes from the French Surveys on Urban Goods Transport with the advantage of proposing a dashboard agreed by all involved stakeholders.
These researches have great merits to develop and expand the city logistics, in terms of optimizing the logistics system, analyzing the key factors and improve the sustainability of city logistics. However, it is clear that the notion of sustainability varies for each stakeholder due to the significance they give to the three components (economic, environmental, and social) of sustainability is different (Gonzalez-Feliu et al., 2014). This inconsistency also leads to the lack of widely acknowledged definitions and the diversity of quantification and evaluation of urban logistics. As a result, although the evaluation criteria of sustainability are generally categorized based on the three components, it is difficult to identify the unified evaluation criteria and describe the patterns of sustainable urban logistics. 
2.2 Customer satisfaction evaluation
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]With the advancement of city logistics, especially the rise of e- commerce, high customer satisfaction catalyzes better quality of service and enterprise competitiveness which promotes logistics service providers to gain long-term economic benefits and realize sustainable development. Currently, many related types of research and studies concentrating on the sustainability of urban logistics are only concerned about a certain sphere (e.g. economic, environmental, or social). Besides, many of the researches focus on the environment sphere while ignoring economic and social spheres, and many of them even confound sustainable urban logistics with green urban logistics (Gonzalez-Feliu, 2018a). While the sustainable development of logistics service providers is commonly underemphasized, which is closely related to sustainable development in the economic and social sphere (Shin et al., 2017).
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Gonzalez-Feliu (2018a) believes that being economically viablefor a logistics and transport system to ensure its continuity over time is the precondition of sustainability. The coordinated development of logistics and economy is a potential way to achieve sustainability (Lan and Zhong, 2018). Therefore, the sustainable development of logistics service providers is an inevitable requirement for sustainable urban logistics. According to Streimikiene et al. (2016), customer satisfaction affects market share that impacts firms’ benefits, while environmental sustainability has a positive impact on competitive advantage, both of them create value for enterprises. Patier and Browne (2010) identified customer or user’s satisfaction as one of the economic and commercial indicators of sustainability. Similar evaluation criteria and indicators can also be found in the study of Gonzalez-Feliu (2018a), which identifies the customer satisfaction ratio and average customer satisfaction rates as the two main indicators of the social sphere of sustainable urban logistics. Gonzalez-Feliu (2018b) identified delivery service rating and delay service rating as the two main indicators of urban logistics sustainability in the economic sphere. Despite the awareness of the significance of customer satisfaction for sustainability, the evaluation criteria, and indicators of customer satisfaction, however, is less mentioned in the context of sustainable urban logistics.
According to Namkung and Jang (2007) and Suhartanto et al. (2018), product quality, service, and value are the key elements of customer satisfaction. Angelova and Zekiri (2011) convinced that the accuracy of billing, billing timeliness, competitive pricing, service quality, good value, billing clarity, and quick are all the factors that impact on customer satisfaction. Hong et al. (2019) pointed out that logistics is an important aspect of customer satisfaction for fresh e-commerce enterprises. It was also confirmed that convenience, communication, reliability, and responsiveness of logistics service had a significant impact on customer satisfaction. It evaluates customer satisfaction from the perspective of e-commerce enterprises. Meidutė-Kavaliauskienė et al. (2014) analyzed the concept of customer satisfaction and the understanding of service quality to determine how customers evaluate logistics service quality and what is the index of their satisfaction with these services. It was confirmed that the quality of service and the price of logistics service are the most important factors that impact customer satisfaction. However, the primary data were collected through a questionnaire survey. Lan et al. (2016) proposed a customer satisfaction evaluation model for logistics service using a fuzzy analytic hierarchy process. It developed a hierarchical structure to describe the index that impacts customer satisfaction for logistics service. However, the analysis is conducted based on a questionnaire survey. 
These studies have contributed to the evaluation of customer satisfaction. However, most of them are conducted based on a questionnaire survey, which is limited in amount, cost, and reliability. Customer satisfaction lacks a trustable and transparent evaluation method, which can be adopted by the public stakeholders like the authorities, and the private stakeholders like external institutions. Due to the lack of transparency, the fake review, less trustable logistics information, etc. will lead to a barrier to improve the quality of the city logistics service. Therefore, it is urgent to develop a transparent and trustable mechanisms to guarantee customer satisfaction in city logistics.
2.3 Blockchain in logistics and supply chain
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Blockchain is a term mentioned by Satoshi Nakamoto (2008) in his white paper of a Bitcoin published in 2008. As the core technology of Bitcoin, blockchain has been highly focused recently due to its decentralization, openness, anonymity, non-repudiation, and authenticity. Apart from the financial field, there are increasing numbers of fields try to introduce blockchain to solve some issues within their industries or develop a new business model to benefit from it. Such as Internet of Things (IoT) (Ryu et al.2019, Rathee et al. 2019, Sharma et al. 2017), healthcare (Yue et al. 2016, Kaur et al. 2018, Dagher et al. 2018), manufacturing (Yu et al. 2019, Li et al. 2019, Li et al. 2018, Vatankhah et al. 2019), etc.
Although blockchain has been conceived and proposed for supply chain and logistics, sustainable urban logistics is not frequently mentioned. Some studies focus on the application scenarios and framework of blockchain in the supply chain and logistics. Toyoda et al. (2017) proposed a new POMS (Product Ownership Management System) of RFID-attached products. It is utilized for anti-counterfeits that can be used in the post supply chain. With the use of proposed POMS, a customer can reject the purchase of counterfeits even with genuine RFID tag information, if the seller does not possess their ownership. The simulation result shows that it had a low cost. Choi (2019) emphasized the values of Blockchain technology supported (BTS) platforms for diamond authentication and certification and proposed models and analytically examine both the traditional retail network operations (Model R) and the BTS selling platform (Model PL). They analyzed that the proposed model can reduce cost and itis beneficial to all parties in the luxury supply chain. Chang et al (2019) proposed a Blockchain-based framework with the use of smart contracts, to derive the feasible beneﬁts of the supply chain process design. The proposed framework can achieve a use case of the disintermediation of business processes via a conceptual, shared information ledger. It can also improve transparency and accountability across supply chain processes.
Some studies mentioned the potential of blockchain in sustainable supply chains and logistics. Badzar (2016) explored the potential application of blockchain in logistics in terms of supply chain transparency and transport contract fulfillment concerning sustainability clauses. Kouhizadeh et al. (2018) provided some viewpoints to help advance the discussion and motivate additional practice and research related to green supply chains and blockchain technology. Tijan et al. (2019) pointed out that major challenges in logistics, such as order delay, goods damage,etc. can be diminished through utilizing blockchain technology. They also explored the decentralized data storage represented by blockchain technology and the possibility of its development in sustainable logistics and supply chain management. 
These studies provided some valuable insights into the application of blockchain in logistics sustainability. Nevertheless, specific applications of blockchain technology to sustainable logistics  remain to be explored.

3. Proposed approach
In this section, we propose a general architecture for sustainable urban logistics. Based on the architecture, a blockchain-based evaluation approach for customer delivery satisfaction is proposed.
[bookmark: _Hlk23377726]3.1 Architecture of sustainable urban logistics
The architecture of the proposed sustainable urban logistics is shown in Figure 1. It consists of six layers, namely data source layer, perception layer, analytical layer, blockchain layer, application layer, and user layer.
Raw data are generated at the source layer by operators, smart devices, cargos, transportation facilities, and other sources. The generated data are captured through sensor networks including various sensors, RFID tags, QR code, readers and GPS, etc. in the perception layer, the core of data collection. The data are then transmitted to the analytical layer through the gateway system, which is used to transform data with heterogeneous data in different structures and protocols into unifying forms. In the analytical layer, the data will be selected and pre-processed to filter out valuable data for further analysis such as data modeling and data analysis. In this paper, we use the Fuzzy Analytic Hierarchy Process (FAHP) for evaluation of customer delivery satisfaction and LSTM to predict it by considering four criteria. The valuable data and analysis results from the analytical layer are then uploaded into the blockchain layer. Based on the blockchain layer, different enterprise applications at the application layer can be enabled. Finally, the main bodies involved in urban logistics such as suppliers, logistics enterprises, retailers, as well as authorities and banks, can be connected based on the blockchain-enabled applications.
[image: ]
Figure 1: Architecture of sustainable urban logistics

[bookmark: OLE_LINK9][bookmark: OLE_LINK10]The source layer refers to carriers of data in logistics activities, including operators, smart devices, cargos, transportation facilities like trucks, and another source. The perception layer refers to the IoT devices and sensing devices to collect real-time data from the data source. For operators, the IoT devices are involved in the whole logistics activities like purchase, transportation, storage, circulation processing, loading and unloading, carrying, packaging, sales, logistics information processing. These activities are cannot be carried out without human resources. Therefore, operators’ information needs to be recorded and collected. Smart devices refer to the devices supported by IoT technology. The information of logistics activities needs to be collected through IoT-enabled devices, such as various sensors, readers, and PDAs. They record and collect data through RFID, QR code, wireless network, Bluetooth, etc. All the recorded and collected information will be processed first since the data and information usually come from multiple devices in different formats. This process includes data selection data pre-processing and data storage. Then some models are selected to evaluate the performance of logistics services like customer delivery satisfaction. In this paper, we use FAHP to achieve this. Besides, we also use LSTM to predict the performance of logistic enterprises in terms of customer delivery satisfaction. The evaluation and prediction results will be uploaded onto the blockchain for further applications, like customer satisfaction management, sustainable logistics, quality management, logistics management system, etc. 
3.2 Evaluation criteria for customer delivery satisfaction
Order delivery satisfaction of customers is one of the most basic factors to evaluate logistics enterprises, which is directly connected with customer loyalty, as well as the profit and sustainability of logistics enterprises. In this paper, we choose four criteria to evaluate the customer delivery satisfaction. They are presented in table 1.

Table 1. Indicators of customer delivery satisfaction
	Indicators
	Description

	[bookmark: _Hlk23106749]Cargo damages rate (C1)
	the ratio of the total value of goods damaged and the total value of goods. Cargo damages rate is used to measure the rate of cargo damage during delivery to customers.

	On-time delivery rate (C2)
	The ratio of the number of accurate orders to the total number of orders.

	Cost performance (C3)
	the matching degree of freight paid by costumers and services provided by the logistics enterprise.

	Information transparency (C4)
	The openness of relevant information of enterprises involved in all aspects of fresh food from picking to sales, such as location and time information, cargo information, including source, price, number, sale, specifications (such as safety information, ingredients information, etc.)



Cargo damages rate is the ratio between the total number of goods damaged and the total number of goods shipped by cargo during the reporting period (Alipour et al. 2015). It is one of the important indexes to evaluate the freight quality of logistics enterprises. In this paper, we define it as the ratio of the total value of goods damaged and the total value of goods. It is used to measure the rate of cargo damages during delivery to customers. Low cargo damages rate is an essential requirement for the sustainable development of logistics enterprises. 
The on-time delivery rate refers to the ratio of on-time delivery orders to total delivery orders in order logistics data (Zhang et al. 2016). It is an important index to evaluate the production capacity and production management level of logistics enterprises. This paper defines it as the ratio of the number of orders delivered on-time to the total number of orders. It is used to measure the ability of logistics enterprises to deliver orders on-time. A high on-time delivery rate is another important index for the sustainable development of logistics enterprises.
Cost performance, with the full name of the ratio between performance and price, which is a quantitative measurement method to reflect the purchasing degree of goods (Esfahbodi et al. 2016). High-cost performance is one of the important reference factors for retailers to purchase goods, and also one of the important indicators to improve the sustainable development of logistics enterprises.
For the fresh logistics industry, information transparency refers to the openness of relevant information of enterprises involved in all aspects of fresh food from picking to sales, which is one of the most concerning indicators for customers (Al-Jabri et al. 2015). In this paper, it is defined as goods information, order logistics data, and the openness of order information. High information transparency is one of the important indicators to evaluate customer satisfaction and the sustainable development of logistics enterprises.
Compared with other products, the fresh food products are characterized by its short shelf life, quality decay over time and fluctuating temperatures, i.e. perishability (Hsu and Chen 2014). Therefore, the fresh food requires strict temperature control and less delivery time during the shipping process. Temperature is the most important factor influencing foods quality. To extend the shelf life of fresh food, the shipping process is usually achieved by the cold chain. However, current cold chains are less transparent. For example, it is difficult for customers to know that if the fresh foods are always in the required temperature in the shipping process because the temperature data are difficult to trace. Further, the temperature data can also be easily tampered. Blockchains can enhance the transparency of supply chains, which is particularly important for cold chains that require extremely high transparency.
[bookmark: _Hlk35551505]Transparency is one of the features of blockchain, and it refers to the openness and availability of the information on the blockchain. In the field of sustainable urban logistics and supply chain, from the perspective of third-party logistics enterprises, transparency is not only for authorities but also for customers.  Authorities must access information on the operation status of logistics enterprises for making better policies. It is obvious that transparency of logistics information and process also means a lot to customers because few of them do not care about their goods. Also, transparency benefits logistics enterprises themselves, on the one hand, information transparency has a beneficial impact on the overall planning of city logistics, on the other hand, the transparency brings them the trust of external organizations, like bank’s investment, and customer loyalty, which enhances them economic sustainability. Some studies have examined the relationship between sustainability and transparency in supply chains (Wognum et al., 2011; Gardner et al., 2019). The information sharing and the availability of data for the relationship were emphasized. Information sharing among blockchain has the benefits of low trust cost, which makes information sharing more efficient and convenient. Specifically, customer delivery satisfaction is quite important for the economic sustainability of logistics enterprises. 
Among the four criteria, the cost performance and the information transparency are qualitative and others are quantitative. The raw data can be converted into the specific value of the criteria automatically. To evaluate customer delivery satisfaction  quantitatively, FAHP is utilized to determine the weights of the four criteria. Lastly, an overall score will be obtained to represent customer delivery satisfaction. 
[bookmark: _Hlk22894280]3.3 Utilization of LSTM 
LSTM is used to predict customer satisfaction in the next period based on previous data. Figure 2 shows the utilization of LSTM.
[image: ]
Figure 2. The utilization of LSTM

The raw data of criteria for customer delivery evaluation is the data in the logistics system collected from diverse data sources, including data of damaged goods, data of total goods, data of order delivery, customer evaluation, goods information, and order information. Data on damaged goods refers to the number of damaged goods and the unit prices of damaged goods. Data of total goods includes the total number of goods and unit prices of goods. Data of order delivery refers to the delivery status information in order delivery such as cargo information, location information, and corresponding time, etc. Customer evaluation refers in particular to the data of customer evaluation on logistics delivery service. In this paper, the evaluation data are related to the cost performance and information transparency. Goods information means the source, price, number, specifications, etc. of goods. In this paper, as well as the food safety information. Order information refers to such as shipper’s information, consignee information, including their name, address, contact information, etc.
The utilization of LSTM in this paper contains two phases: the learning phase and the application phase. In the learning phase, historical data in a period is collected automatically through smart devices in the logistics and reviewed manually by the management to determine the specific value of indicators. The data and decision results will be used as the training data for training LSTM. Four LSTM models will be trained since there are four criteria. In the application phase, the trained LSTM model predicts the performance of the next period through cargo damages rate, on-time delivery rate, cost performance, and information transparency from the data collected over a period.

4. Experimental simulation 
In this section, we conduct an experimental simulation in a scenario that has one supplier S, one third-party logistics enterprises L, and some retailers Ri in a food materials logistics chain to illustrate the evaluation process in the proposed method. Retailers Ri ordered a batch of food materials from its upstream supplier S. The supplier S uses the third-party logistics enterprise L to transport the goods considering the cost of the own logistics. Due to the increasing number of logistics enterprises in recent years, as well as the emphasis on the service quality and service efficiency of logistics enterprises by customers and governments. Good logistics enterprises must improve customer satisfaction, which is one of the indicators for the social sustainability of urban logistics so that they can get more orders and share more markets and achieve sustainable development. Given this, choosing logistics service providers based on customer satisfaction is one of the important factors for retailers to consider. Moreover, customer satisfaction can also be reviewed in a blockchain-based system by governments and banks so that they can make better decisions. 
4.1 Evaluation of customer delivery satisfaction in urban logistics
After obtaining the specific indicator of each criterion, we hope to evaluate the customer order delivery satisfaction through an overall score, which requires a method to integrate the four indicators of criteria into a comprehensive one. The evaluation method of the customer delivery satisfaction should be comprehensive and reasonable when integrating the cargo images rate, on-time delivery rate, cost performance, and information transparency. Therefore, it is necessary to determine the weight of each indicator. In this paper, we choose FAHP to achieve this. 
FAHP, proposed by Saaty (2008), is a common multi-objective decision-making method. This method combines qualitative and quantitative analysis and determines the relative importance of each element through calculation, to make corresponding decisions according to the sequence of schemes. 

The triangular fuzzy number is used to indicate the degree to which an eigenvalue x belongs to a fuzzy set M. Triangle fuzzy function is frequently used as a fuzzy membership function. For any triangle fuzzy number x, it is generally expressed as.
Definition 1:

If the fuzzy number x on the domain R is M, then the membership function  is expressed as



(1)




Specifically, ,, .
Definition 2:


Suppose that two triangular fuzzy numbers  and. Then, the basic operation of triangular fuzzy number is as follows

                                    (2)
4.1.1 Determining the weight of evaluation indicators for logistics 
In this paper, three researchers in the logistics industry evaluated the customer delivery satisfaction of logistics companies based on table 2 in terms of the selected four indicators. In order to solve the difference between different indicators of customer satisfaction, we first analyze the relative importance between the indicators given by the three researchers.

Table 2. Evaluation scale of relative importance among different indicators
	Scale
	Implication

	1
	Equally important

	3
	Slightly important

	5
	Important

	7
	Obviously important

	9
	Very important

	2, 4, 6, and 8 are intermediate importance, that is the scale value corresponding to the intermediate state



We define aij as the relative importance of Ci and Cj on customer satisfaction.
The first researcher rated the cargo damages rate C1, the on-time delivery rate C2, the cost performance C3, and the logistics information transparency C4 as follows:




According to the reciprocal theory, if , then . Thus, the positive reciprocal matrix A1 of the first researcher's evaluation of these four indicators is as follow:

                                  (3)
Besides, the other two matrixes A2 and A3 of the second and third researchers’ evaluation are as follow:

                                 (4)

                                 (5)


Synthesizing the evaluation matrixes of three researchers through, the synthetic fuzzy evaluation matrix FM is obtained. Suppose  is the synthetic fuzzy number, and there are G researchers evaluated the importance, then  is defined as follows:


                                          (6)
Therefore, the synthetic fuzzy evaluation matrix FM in this paper is as follows:

        (7)
To facilitate the expression of formulas, we express this matrix fuzzy evaluation matrix FM as:

          (8)
According to an improved FAHP method based on triangular fuzzy number proposed in Luo et al., (2013), the fuzzy evaluation factor matrix E is calculated through the following equation:

     (9)
Recording the matrix composed of the mean value mij of the triangular fuzzy number in FM as matrix M. Then, the judgment matrix Q is defined as:

                                    (10)
The judgment matrix Q is then transformed into the final judgment matrix P whose diagonal is 1 through Matlab:

                (11)
Using the compatible matrix analysis method via the following formula to transform matrix P, and the compatible matrix R can be obtained:

                                                        (12)

                       (13)
Then, the weight matrix w of the four evaluation indicators can be obtained lastly:

                                                 (14)



 
4.1.2 Calculation of the customer delivery satisfaction
According to the average data of the fresh food logistics industry, the range of cargo damages rate and on-time delivery rate of goods is shown in Table 3. There is little reference data for cost-performance ratio and information transparency. The assumption range of Table 3 is also given in this paper.

Table 3. The range of the customer delivery satisfaction indicator
	Criteria
	Scale

	Cargo damages rate
	3%~10%

	On-time delivery rate
	90%~99%

	Cost performance
	50%~100%

	Information transparency
	70%~90%


Referring to the ratio range of the corresponding indicators given in Table 3, assume that the relevant data of a third-party logistics enterprise L is:


The calculation method of the specific customer order delivery satisfaction of the logistics enterprise L is as follows:
Taking the cargo damages rate C1 as an example, we can obtain the score of the company's cargo damages rate C1:

         (15)
Taking the on-time delivery rate C2 as an example, we can get the score of the enterprise's on-time delivery rate of C2:

              (16)
In the same way, we can get the score of the logistics enterprise cost-effective C3 and the logistics information transparency C4 as shown in Table 4.

Table 4. The scores of different indicators of logistics enterprises
	Criteria
	Score

	Cargo damages rate
	80.43

	On-time delivery rate
	96.44

	Cost performance
	69.20

	Information transparency
	71.43


Thus, the satisfaction index score vector S of the logistics enterprise L is obtained.

                               (17)
Multiply S with the standardized eigenvector W of the four indicators of the company obtained above, and obtain the customer satisfaction score SS of the enterprise.

                                       (18)
4.2 Smart contract for refund and compensation
Considering the delivery process of third-party logistics enterprise to retailers, four indicators are selected to evaluate the customer delivery satisfaction to the third-party logistics enterprise. Section 4 has presented the evaluation process. In this section, we present a smart contract for the third-party logistics enterprise to compensate customers or/and give a refund on the condition that there is low customer delivery satisfaction. Moreover, the gas consumption of the smart contract is also tested and relation analysis between difficulty and time consumption also presented.
In the process of logistics, the cargo damage, failure to deliver on time, dissatisfaction with logistics services, and information opacity will lead to the decline of customer delivery satisfaction. It is assumed that the third-party logistics enterprise promise to compensate or/and give a refund to customers through smart contract when the above four indicators are lower than some certain degrees. In order to simplify the process, it is assumed that the logistics enterprise has confirmed that the goods are in good condition when receiving the goods from the supplier. We describe each of these four cases below. 
(1) Cargo damage rate
The damage of the goods will be confirmed together by the deliverer and the customer. After confirmation, the deliverer input cargo damage through the handheld terminal. The total value of goods is recorded in the system, the total value of damaged goods can be calculated through the total number of damaged goods and the unit prices of damaged goods. After that, the customer, i.e. the retailer sing name on the handheld terminal to confirm receiving goods, as well as the information inputted by the deliverer, is correct.
Defining the cargo damage rate as x. It is normal if the cargo damage rate is lower than x1, and there is no need for a logistics enterprise to give a refund or compensate to customers. When the damage rate is between x1 and x2, the amount of compensation C1 will be the total value of all the damaged goods N2 and the refund amount R1 is zero. When the damage rate is higher than x2, there will be an extra refund of freight M and compensation of a% of the total value of the goods N1 based on the compensation of N2. The smart contract for this compensation and refund is shown in Figure 3, and the pseudocode is shown in Figure 4.
[image: ]
Figure 3: Compensation and refund for cargo damage
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Figure 4. Pseudocode of compensation and refund for cargo damage

(2) On-time delivery
Since the scenario concentrates on the urban logistics for fresh food materials, the order delivery should be quite efficient. We assume that under the background of fresh food materials urban logistics, the third-party logistics enterprise promises to complete the order delivery within 24 hours after the supplier creates the order to the third-party logistics enterprise, and customers also accept this agreement. 
When goods are on delivery, deliverers scan bar codes and RFID tags, etc. on the packaging of food materials through handheld terminals such as PDA to record the delivery time. At the same time, customers conduct electronic signature confirmation of receipt on PDA and other handheld terminals after inspecting the damage of goods. 
Defining the time when retailer initiates an order to the supplier with a timestamp of T1; Supplier receives the order with the timestamp of T2; The supplier initiates the delivery order to the third-party logistics enterprise with the timestamp of T3; The third-party logistics enterprise receives orders with the timestamp of T4; The third-party logistics enterprise hand over the goods to the retailer and the customer signing for confirmation with the time stamp of T5. Therefore, the timeout duration of an order can be defined as t= t5-t3-24. If t<=0, then it means that the order has been delivered on-time, it is no need to compensate or give a refund to customers. Otherwise, it is not. If 0< t<= t1, then give a refund of b% of the freight M. If t1< t<= t2, then the refund amount R2 is c% of the freight M and no need for compensation. If t >t2, then the refund amount R2 equals to the freight M, and the compensation amount is d times of the freight M. The smart contract for this compensation and refund is shown in Figure 5, and the pseudocode is shown in Figure 6.
[image: ]
Figure 5: Compensation and refund for a time-out
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Figure 6. Pseudocode of compensation and refund for a time-out

(3) Cost performance
Cost performance refers to the matching degree of freight paid by costumers and services provided by the logistics enterprise. For governments and banks, they need to know the profit rate of logistics enterprises so that they can make better decisions. Although logistics enterprises are unlikely to disclose shipping costs to customers, there is a matching degree in customers' minds between the freight paid by the customer and the logistics service received. When the goods are delivered, the customer will evaluate the logistics service based on this matching degree. Therefore, we choose the individual indicator cost performance, which can be reflected through the answer to the question of “to what extent the logistics service received worth the freight paid” to reflect some factors attribute to the customer delivery satisfaction. 
During the delivery of goods, the customer evaluates the above question with quantitative data range from 0 to 100. 0 means completely unworthy, and 100 means over worth. The answer will be input into a handheld terminal and the customer will confirm it through an electronic signature on the handheld terminal.
Defining the cost performance as p (0<=p<=100). If p>= p1, then there is no need to compensate or refund. The refund amount R3 and compensation amount C3 are all zero. If p2<= p< p1, then the refund amount R3 is b% of the freight M and the compensate amount C3 is zero. If p3<= p< p2, then the refund amount R3 is c% of the freight M and the compensate amount C3 is zero. If p< p3, then the refund amount R3 equals to the freight M and the compensate amount C3 is zero. The smart contract for this compensation and refund is shown in Figure 7, and the pseudocode is shown in Figure 8.
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Figure 7. Compensation and refund for low-cost performance
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Figure 8. Pseudocode of compensation and refund for low-cost performance

(4) Information transparency
Information transparency is quite crucial to customers. In the premise that the logistics enterprise has confirmed the transparency of relevant safety information of food materials when receiving the goods from the supplier and the customer has confirmed the transparency of relevant safety information of food materials before initiating an order with the supplier, customers care only about the logistics information during the delivery of the order. Whether customers can clearly understand the location of the goods, the route of goods transportation, and the distance from themselves have an important impact on customer delivery satisfaction. In this paper, we choose three aspects as the criteria for the evaluation of information transparency. They are 1) Whether the update of logistics status is timely; 2) Whether the logistics status update is complete without omission; 3) Whether can customer check the logistics status in real-time. Defining 1 refers to yes and 0 for no for the three aspects. 
When the deliverer hand over the goods, the customer checks the goods and evaluates the transparency of logistics information based on the above three aspects. The options for each of the three points are only yes or no, represented by 1 or 0. The answer will be input into a handheld terminal and confirmed by the customer through an electronic signature on the handheld terminal. It is worthy to note that any changes made after the customer's signature will be recorded with a time stamp. Therefore, it can be guaranteed that the deliverer cannot modify the data or conduct other operations after the customer's signature, so as to avoid the problem of data falsification and tampering.
Defining the indicator value of real-time update of logistics status is i1; the indicator value of completeness of logistics status is i2, the indicator value of real-time access of logistics status is i3. Defining I= (i1, i2, i3), then the information transparency can be reflected via I. If I= (1,1,1) or (1,1,0) or (1,0,1) or (0,1,1), then the refund amount R4 and the compensate amount C4 are all zero. If I= (0,0,0) or (1,0,0) or (0,1,0) or (0,0,1), then the refund amount R4 equals to the freight M, and the compensate amount C4 is zero. The smart contract for this compensation and refund is shown in Figure 9, and the pseudocode is shown in Figure 10.
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[bookmark: _Hlk35553358]Figure 9. Compensation and refund for low information transparency
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Figure 10. Pseudocode of compensation and refund for low information transparency

If more than one condition for compensation or/and refund is met, the total compensation and refund amount equal to the sum of the compensation and refund amount in four conditions.
4.3 Gas consumption test
As for the contract for compensation and/or refund, we test the gas consumption of the above smart contract. Gas consumption is used to calculate the cost of smart contract execution. The gas consumption in the process of smart contract execution reflects the complexity of the process of in certain degree. It is a type of token that can be exchanged at a certain ratio on Ethereum. Different operations in smart contracts have different gas consumption. Therefore, testing the gas consumption equals to measuring the cost of smart contract execution. In this paper, we selected some major functions in the smart contracts of this system and measured their gas consumption. The gas consumption is tested by using the estimated Gas method provided in the Web3 toolkit. The corresponding gas consumption of major functions in a smart contract is shown in Table 5. 

Table 5: Gas consumption of main operations in smart contract
	Operation
	Gas
	Description

	constructor
	1982925
	create a new order

	order_finished
	157484
	change the status of order when a customer receives the commodity (the Gas consumption is according to the actual situation)

	compensate
	29797
	after order finished, the customer gets the compensation

	get_over_compensation
	30988
	after a customer gets its compensation, the logistic provider gets back the over money

	check_compensation
	21712
	check how many compensations the customer can get

	check_status
	21782
	check if the order is finished

	check_isCompensated
	21854
	check if the customer has taken its compensation

	check_order_balance
	22049
	check how many balance in this order for paying compensation



For example, the gas consumption for the operation of “order_finished” is 157484. Figure 11 shows the corresponding function in the smart contract.
[image: ]
Figure 11: Function of “order_finished” in smart contract
4.4 Analysis between difficulty and time consumption
In a blockchain system with PoW consensus, whenever a block is mined, it is necessary to determine a random number, i.e. nonce, to make the hash value of the new block meet the requirements. Then the new block can be broadcasted and connected into the main chain. Equation 13 shows the relationship between a nonce n and the mining difficulty.

                                                           (13)
If the nonce n meets the above equation, it is regarded that the encapsulation of the new block has done enough work and can be broadcasted and accessed to the main chain.  To study the relationship between the difficulty of mining and the time of mining a new block, we built a test chain using the go-Ethereum client. We set one node on the chain for mining to ensure the stability of computing resources. The initialization configuration file for the test chain is shown in Figure 12. The number of mining threads is set to 2 (instruction: miner.start(2)). We set the value of the difficulty parameter in the initialization configuration file to 0x400000 (4194304), 0x600000 (6291456), 0x800000 (8388608), and 0x1000000 (16777216) for four different experiments. We then create the test chain and perform the mining operation. We measure the time difference by using the timestamp of blocks. Time consumption and nonce are also measured in the experiments. The relationships between the difficulty and time consumption and between the difficulty and range of n are shown in Figure 13. According to the figure, it shows that under the same computing power, the time consumption increases linearly with the increase of the difficulty parameter, while the nonce value decreases exponentially with the increase of the difficulty parameter.
[image: ]
Figure 12: Initialization configuration of the test chain

Figure 13: Relation between difficulty and time consumption and range of n

5. Discussion
In this paper, we first proposed the architecture of sustainable urban logistics. Then we proposed a blockchain-based evaluation approach for customer delivery satisfaction in the context of urban logistics. Four criteria affecting customer satisfaction in urban logistics are identified and defined. A machine learning algorithm Long Short-Term Memory (LSTM) is adopted to convert raw data in logistics system into the specific value of indicators and predict the performance of next period through cargo damages rate, on-time delivery rate, cost performance, and information transparency from the data collected over a period. FAHP is utilized to determine the weight of each indicator for further evaluation of customer delivery satisfaction. We also designed and wrote a smart contract for compensation and/or refund to customers when their satisfaction with the delivery services at a low level. The gas consumption test and analysis between difficulty and time consumption are conducted to simulate the proposed system. The proposed architecture and approach for customer delivery satisfaction introduce blockchain into sustainability in urban logistics. It can help governments and banks evaluate logistics enterprises so that they can make better decisions for sustainable urban logistics. It also benefits the bodies involved in urban logistics such as suppliers, logistics enterprises and detailers, etc for overall sustainable development.
There are some limitations to the proposed approach. For one thing, Blockchain is not yet an industry-ready technology due to the limitations itself. Such as the limited scalability and efficiency in a blockchain system. For another, it is quite difficult for enterprises to introduce a brand-new blockchain-based business model without a suitable incentive. Therefore, there is still a long way to go before the concrete implementation of the approach proposed in this paper. Nevertheless, blockchain still has a huge potential in promoting sustainability for urban logistics.

6. Conclusion
The proposed approach for customer satisfaction evaluation in urban logistics based on blockchain in this paper can help governments and banks to make better decisions for sustainable development. Compared with the existing models, the proposed approach can achieve the automated evaluation of customer satisfaction in urban logistics for social sustainability. The blockchain technology enables the data used to evaluate customer satisfaction are transparent and tamper-proof, ensuring the authenticity of the information, which can help government authorities and banks to know the reality and then make better decisions. An experimental simulation was conducted in the context of a food logistics chain, the feasibility of the proposed approach is evaluated through a three layers logistics structure, which are suppliers, logistics enterprises, and retailers. A smart contract for compensation and refund when the customer delivers satisfaction is at a low level is designed and wrote. The gas consumption of main operations in the smart contract is tested. The time consumption and difficulty of blockchain implementation are also evaluated to verify the feasibility. 
In the future, we will enlarge the range of involved bodies in urban logistics based on a blockchain-based system and take more factors to affect sustainability in urban logistics into account to work out a more comprehensive policy and approach. On the other hand, we are planning to come up with a solution to promote the practical application of blockchain in urban logistics for sustainable development.
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image36.png
function _damage fee() internal returns(uint S1){
uint R1 = 0;
uint C1 = 0;

uint damage_percent = safeDiv(safeMul(damageﬁnum, 100), total num); // 0 - 100

if (damage_percent > X1 PERCENT && damage percent <= X2 PERCENT) {
Cl = safeMul (damage num, unit_price);
}
if (damage_percent > X2 PERCENT) {
Rl = fare;
Cl = safeMul (damage num, unit_price) + safeDiv(safeMul (safeMul (total num, unit price), a_percent), 100);
}
S1 = safeAdd(R1l, Cl);
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Algorithm 1: Compensation and Refund for Cargo Damage

L I S N

10
11
12

Input: N1, No,x1,20. M, a

for each completed order do
Damage Rate x = Ny /Ny
if © > 25 then
Compensation Cy = Ng + Ny X a
Refund Ry = M
else if 71 < = r2 then
Compensation Cy = Ny
Refund Ry =0
else
Compensation Cy =0
Refund Ri =0
end
end

Output: Sumof Compensation and Re fund S; = Cy + Ry
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function 7t1meout fee () internal returns (uint S2) {
uint R2 = 0;
uint C2 = 0;

uint t = Arrival timestamp - start timestamp;

if (t > one  _day_: interval && t <= safeAdd(Tl, one  _day_: interval)) {
R2 = safeDiv(safeMul (fare, b _percent), 100);
}

if(t > safeAdd(T1, one_day interval) && t <= safeAdd(T2, one day interval)){
R2 = safeDiv(safeMul (fare, c_percent), 100);

}

if (t > safeAdd(T2, one_day interval)){
R2 = fare;
C2 = safeMul (fare, d_times);

}

S2 = safeAdd(R2, C2);
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1 for each completed order do
2 TimeOutt =t5 —tg — 24
3 if t >ty then
4 Compensation Co = M x d
5 Refund Ry = M
6 else if t; < <7 ty then
7 Compen: =
8 Refund Ry =M X ¢
9 else if 0 < x <=t; then
10 Compensation Cy =0
11 Refund Ro =M x b
12 else
13 Compensation Co =0
14 Refund Ro =0
15 end
16 end
Output: Sumof Compen

2 Su nsation and Re fund Sy = C:

Algorithm 2: Compensation and Refund for Time-out
Input: t3,t5,t1,t0, M, b, c,d

5+ Ry
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function _service_fee() internal returns(uint S3){

53 = 0;

if (p_service >= P2_PERCENT && p_service < P1_PERCENT) {
53 = safeDiv(safeMul (fare, b_percent), 100);

}

if (p_service >= P3_PERCENT && p_service < P2_PERCENT) {
53 = safeDiv(safeMul (fare, c_percent), 100);

}

if (p_service < P3_PERCENT) {
53 = fare;

}
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Algorithm 3: Compensation and Refund for Low Cost Performance
Input: p,p1,pe, M, b,c

1 for each completed order do
2 if p >= p1 then
3 Compensation C3 =0
4 Refund Ry =0
5 else if py <= < p; then
6 Compensation C3 = 0
7 Refund Rs =M x b
8 else if p3 <= < py then
9 Compensation C3 = 0
10 Refund R3 =M X ¢
11 else
12 Compensation C3 = 0
13 Refund Ry = M
14 end
15 end

Output: Sumof Compensation and Re fund Sy = C3 + Rs
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function _satisfaction_fee() internal returns(uint S4){

s4 = 0;
IE(U(AL 1] 42 |1 i3))¢
S4 = fare;

}
Af(A1 11 42 |1 i3){
AEC(LELT T d2)) 11 (M(E1 11 43)) 11 ((d21143))){
54 = fare;
}
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Algorithm 4: Compensation and Refund for Low Information Trans-
parency

Input: M, iy, is,ig
1 for each completed order do

2 i=1iy+ip+i3
3 if ¢ >= 2 then
4 Compensation Cy =0
5 Refund Ry =0
6 else
7 Compensation Cy =0
8 Refund Ry = M
9 end
10 end

Output: Sumof Compensationand Re fund Sy = Cy + Ry
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function order_ finished(uint Arrival_ts, uint damage, uint p, bool i_1, bool i_2, bool i_3) public Only customer Only not_ Compensated{
require (Arrival_ts > start_timestamp, "the arrival time should be later than the order accept time");
require (damage >= 0 && damage <= total num, "please input the true number of damage_num");
require(p >=0 && p <= 100, "please input a correct number for service(0 - 100)");
set_order_status();
requlre(status == true, "Error in completed this order, please try again");
_set_Arrival_timestamp (Arrival_ts);
_set_damage_num (damage) ;
_set_service(p);
_set_logistic_satisfaction(i_1, i_2, i_3);
_set_compensation();
emit OrderFinished (address(this), status);
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}
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