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The main aim of this project is to analyse the distinct features of different shop groups in Dianping platform through SRFMP modelling and K-Means clustering method and to offer customized strategies based on the results of the experiment. Also, further experiment of TripAdvisor can be taken as a compared experiment and case study of individual shops can be taken as an application of experiment results.
The experiment used the extension of RFM model which selects these various significant attributes as a benchmark for clustering and analysing work, K-Means clustering which trained data without label to classify objects into different groups with different attribute similarities, customer’s value analysis which is taken as a reference to establish the process of business value analysis. In addition, data exploration, cleaning, reduction, transformation and outlier detection work used some basic analysed method and tools to complete the preparation work.
The major findings of the experiment are that the shop data from Dianping platform can be classified into five groups with different features which also means five ranks including Important Maintenance, Important Development, General, Important Retention and Low Value. Different groups have obvious distinct in specific attributes which can be taken as a base for strategies making of the platform, such as member’s preferential policy, credits exchange and cross selling.
In conclusion, three key aspects of findings through literature review including shop value analysis, extension of RFM model and K-Means clustering have built the base for the research. As a result, the research has been set to inductive and quantitative research and the business information analysis process system has been made to guide the development of the experiment. With the chosen Python data science platform – ANACONDA, PRFMS model and K-Means clustering algorithm has been programmed with the input data of Dianping platform. Finally, the analysis of the clustering results, individual shops case study and TripAdvisor compared experiment have been done to complete the research.
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[bookmark: _Toc7519051]1 INTRODUCTION
In the age with information trend, product has not been the only focus of enterprise marketing and customers has played a more important role. Management of customer relationship has become the core issue of enterprises. Through customer classification, the enterprise can distinguish the worthless customers from the high value customers and can also formulate the optimized personality for different value customers. [1] The Limited marketing resources will be concentrated on the customers with high value to achieve maximum profits and provide better service. Customer classification has increasingly become one of the core issues in customer relationship management. [2]
Dianping.com was established in April 2003, is one of China's largest consumer guide website of citizens life. Taking the comments of third party as the main mode, it mainly aims at the information sharing platform for food and entertainment reviews. [3]
Faced with fierce market competition, various Consumer-Guide Websites have launched more marketing methods with characteristic choices to attract more customers. ‘Dian Ping’ Website is facing business crisis such as loss of merchants, declining competitiveness and underutilization of merchant resources. Through the establishment of a reasonable merchant value evaluation model for merchants to cluster, analyse and compare the value of different groups of merchants, and formulate the corresponding marketing strategy. [4]
[bookmark: _Toc462812552][bookmark: _Toc7519052]1.1 Aim
The main aim of this report is:
Applying the SRFMP model [5] to cluster and classify different merchants according to the data of the Dian Ping Website and analyse the characteristics of different merchant categories with personalized strategies.
[bookmark: _Toc462812553][bookmark: _Toc7519053]1.2 Objectives
The objectives are to:
· Survey the literature to identify main model and method applied in clustering, classifying and recognizing objects’ value;
· Extract selective and new data from data source to form historical and incremental data respectively;
· Explore and pre-process the datasets, including analysis on missing and abnormal data, specification of data attribute, clean and transform of data and so on;
· Identify valuable merchants through features of different merchants’ groups based on the pre-processed modelling data and the value model;
· Provide customized services to merchants group with different value by using various marketing tools.
[bookmark: _Toc7519054]1.3 Structure of the report
The project has three main parts. First, the theoretical work that has been established is the basis of the project. The literature review work relates to methods of processing and analysing data from DianPing.com especially of RFM model and K-Means clustering. The second part gives the detail of the clustering of data carried out with SRFMP model to distribute shop into different groups in existence, the results of training needs analysis, development and delivery of a programme trained for clustering. Finally, the finding of the work will be illustrated in the third part and it accumulates the guidelines derived, evaluation and then put forward proposals to different shops groups from the perspective of the DianPing.com platform, the shops and the government.
Chapter one illustrates an overview of the report with the detail information of aims, objectives and structure of the report.
Chapter two concentrates on the research and literature review which conclude different views, experiments and findings from another scholars’ research.
Chapter three illustrates the details of the research approach and design which will get the full view of the data and the methodologies to cluster and analyse the data.
Chapter four reviews the design and implementation of the research. Also, results will be analysed, and comparison experiment will be conducted to support the results.
Chapter six puts forward the results of statistical analysis of the findings and results and focuses upon the compare between the process and objectives.
Chapter Seven gives the summary, conclusion and recommendations for the project.
Chapter eight gives the reflection of the author while doing the research.


[bookmark: _Toc7519055]2 RESEARCH AND REVIEW OF LITERATURE
Nowadays, Customer relationship management has been applied in many areas to improve relationships between enterprises and customers. The most important thing for enterprises is to combine the value, expectations and behaviours together through transaction data analysis of the customers. [6] However, customer value analysis can be implemented to understand customers in order to establish sustainable customer relationship and maximize the profit of enterprises.
[bookmark: _Toc7519056]2.1 Customer’s Value Analysis
[bookmark: _Toc7519057]2.1.1 Customer’s Value Creation
The definition for the creation process of customer’s value is that attain a specific goal through a series of customer activities. One significant aspect of the customer’s ability to create value is the amount of resources including information, knowledge, skills that they can access and use. [7]
The way for a supplier to improve its competitive ability is to develop the capacity to add more resources into the total pool of customers’ resources in order to affect the customer’s process. Consequently, the customer can utilize available resources with more efficiency and effects. [8]
Heinonen, et al proposed the different value between customers and companies means the creation of value occurred in different fields rather than controlled by the company. The logic led by service and goods is dominated by suppliers and the author recognize the creation of value from aspects of usable value, background of the customer and the experience of service. As a result, service marketers are facing five major challenges including involvement of the company, control in company co‐creation, value creation visibility, customer experience range, and customer experience role. [9]
Grönroos et al analysed the roles of customers and companies, scope, locus and nature and creation of value to analyse the value creation and co-creation in service. The action of customers and companies can be categorised by fields like supplier, joint and customer, their interaction could be direct or indirect which results in different forms of value creation and co-creation. The concept of value creation expands the knowledge of how to use and manage the value and value creation. Also, it emphasizes the key effect from direct interaction to value co-creation. [10]
Heinonen, et al proposed a conceptual formation framework of customer value by putting the value of customer and supplier together to describe the locus of value formed in different fields and the scope of individual and collective value. Conceptualization requires companies to consider customer background as an important source of customer value creation. This reflection enables managers to better formulate strategies to provide individual and collective business value creation. [11]
[bookmark: _Toc7519058]2.2 RFM Model
[bookmark: _Toc7519059]2.2.1 RFM Model Definition
RFM model is a customer value analysis method proposed by Hughes to recognize valuable customers from big data by three attributes. C. Cheng and Y. Chen[12] explain the definitions of RFM model as follows:
Recency of the last purchase (R): R refers to the time interval between the latest consumer behaviour and the last consumer behaviour.
Frequency of the purchases (F): F refers to the amount of transactions in a specific period, for example, two times of a month.
Monetary value of the purchases (M): M refers to money amount consumed in a specific period.
[bookmark: _Toc7519060]2.2.2 RFM Scores
In the Methodology of the C. Cheng and Y. Chen’s[12] paper, the authors set different weight and define the scaling of each attribute to see how they will influence the results of the algorithm. 
S. M. S. Hosseini et al[13] found that RFM analysis has different meanings for different users, and there are multiple RFM analysis methods. Classic RFM analysis ranks valuable parameters for each customer and creates RFM scores for each product.
Christy et al[14] mentioned 20% of the whole customers group contribute more to the revenue of the enterprise than the rest according to the Pareto principle. Under this situation, 5 means potential customers, 4 means promising customers, 3 means can’t-lose customers, 2 means customers at risk and 1 means customers lost. Customers with a score of 555 are potential customers of the company, and they will bring more profits to the company. In contrast, a customer with a score of 111 is a low-value customer of the business. Based on this RFM score, each customer can be divided into different market segments.
R. A. Carrasco et al[15] proposed to represent RFM model using a 2-tuple model, making different attribute scores more accurate and explanatory. As a result, decision makers can effectively identify valuable customers and develop more effective marketing strategies.
[bookmark: _Toc7519061]2.2.3 Extension of RFM Model
Yeh, K. Yang and T. Ting[16] found that different RFM parameters has different significance to industries which can be the shortcoming of the application. As a result, the author adds two attributes to RFM model to compose RFMTC model (Time since first purchase and Churn probability). The model automatically builds a formula to predict the probability of a customer's next purchase and the expected number of times the customer will purchase in the future.
M. Mohammadzadeh et al[17] used RFML(Recency, Frequency, Monetary and Length) model for evaluation of patients’ categories. The weighted life value (LTV) of each taxonomic group was then calculated based on the clustering model. The results showed that the four groups were assigned to four categories of patient labels including loyalty, potential, loss and loss potential. In addition, the R, F, M, and L properties were also used to classify models to predict the loss of new customers and the analysis of current behaviour.
H. Chang and H. Tsai[18] found Most research on RFM models ignores the characteristics of consumers buying products, such as price, life cycle and promotions, and applying RFM model analysis to all products. This makes the calculation of RFM values unreasonable. They proposed a new GRFM model to measure the purchasing power of customers' buying patterns. This facilitates the development of personalized procurement management systems and the analysis of product trends.
[bookmark: _Toc7519062]2.2.4 Combination of RFM Model
A. Sheshasaayee and L. Logeshwari[19] designed an innovative approach for customer segmentation with CRM(Customer Relationship Management), RFM and LTV methods. The author performed a method with two phases to segment bank customers and aimed to perform K-Means Clustering after the initial analysis.
M. Song et al[20] compared the clustering experiments of RFM and time interval in two dimensions and used time series analysis to obtain appropriate time intervals and clustered the clustering methods in the RFM model of big data.
In conclusion, RFM model is simple to implement and it can perfectly analyse the value of different customers, so it has been in wide use in the area of marketing. The above literature can be summarised into three categories:
(1) Creates an RFM score with Recency, Frequency and Monetary variables for each product due to the Pareto principle and apply for recognition of customers.
(2) Put more variables into RFM model (such as time and length) to make it suitable for different industries because each parameter has different significance to various industries.
(3) Combine RFM model and other models together (such as CRM, LTV) to invent a new method for customer classification.
[bookmark: _Toc7519063]2.3 K-Means Clustering
[bookmark: _Toc7519064]2.3.1 K-Means Clustering Definition
When given some data, the behaviour of the unseen data needs to be tested by learning task. Therefore, supervised classification and UN supervised clustering come out to solve learning problems. Supervised classification involves labelled data and in contrast, unsupervised clustering involves unlabelled data. [21]
A definition [22] of clustering states like follows: The degree of similarity based on n objects is divided into K groups such that objects in the same group have higher similarities, while objects in different groups have lower similarities.
Clustering algorithms can be broadly divided into two groups including hierarchical and partitioned. Hierarchical clustering recursively finds nested clusters either in agglomerative mode or in divisive mode. The most well-known hierarchical algorithms are single-link and complete-link and the most popular partitioned algorithm is K-means clustering.
[bookmark: _Toc7519065]2.3.2 Improvement of K-Means Clustering
H. Yu et al[23] proposed that the core idea of K-means clustering algorithm based on self-scheduled learning is to simulate the process of human learning knowledge through its learning method, that is, to learn knowledge from easy to difficult. A specific subset of samples will be selected first to join the training, then the parameters of the self-scheduled learning will be optimized automatically, the number of samples and the difficulty of the samples will be increased one by one and finally the clustering model will be generalized widely.
T. H. Sardar and Z. Ansari[24] optimized the traditional K-means algorithm into parallel K-means through the Map Reduce paradigm and executed it on the Hadoop platform to reduce the execution time of document data clustering. The main purpose of this paper is to find out the optimization effect of the proposed parallel k-means algorithm over the execution time of the traditional k-means algorithm through experiments of different size document datasets. The contribution of this work is to design the traditional K-means as a parallel K-means based on Map Reduce, which can be applied to the vector space model of the data set of document clustering.
G. Tzortzis and A. Likas[25] proposed Minimax k-Means is a new method to solve the algorithm initialization problem by changing the algorithm target. Specifically, weights are associated with each cluster such that clusters with larger variances are assigned higher weights and a weighted version of the sum of variance criteria within the clusters is derived.
K. Kusrini[26] determines the entry into a fast-moving or slow-moving cluster by project cluster simulation of sales data. The data will be divided into 3 clusters, with the group with the highest centroid value being marked as a fast-moving project group and the group with the lowest centroid value being marked as a slowly moving project group. The clustering process only applies to project data with a transaction count greater than zero, i.e. it is not applied to stop moving project categories. The clustering process will be performed in several cases, and the clustering value of each scene and the distance between the clusters will be calculated using the xie-beny index. The purpose of this study was to establish a model to determine minimum stocks and profit margins, and the model used k-means clustering to group items into "fast moving" and "slow moving" categories.
[bookmark: _Toc7519066]2.3.3 Combination of K-Means Clustering
G. Gan and M. K. Ng[27] proposed the KMOR (k-means with outlier removal) algorithm extends the k-means algorithm for outlier detection and introduces an additional "cluster" containing all outliers in the KMOR algorithm. Given a desired number of clusters k, the KMOR algorithm divides the data set into groups, including k clusters and a set of outliers. Unlike most algorithms for outlier detection, the KMOR algorithm assigns all outliers to a group during the clustering process.
L. Bai et al [28] proposed two strategies to integrate the advantages of clustering and clustering by fast search and find of density peaks (CFSFDP) in order to quickly find clusters of any shape. The first strategy is to use distance estimation to calculate the density of points and construct the approximate space required for separation. The second strategy is to approximate the CFSFDP algorithm's approximation algorithm (i.e. CFSFDP + DE) based on sample clustering to further extend the scalability of the original algorithm. The algorithm can quickly obtain the approximate clustering result of the original algorithm.


[bookmark: _Toc7519067]2.4 Data from DianPing.com
DianPing.com is one of the leading local life information sharing platform in China, it is also the first website with independent consumer review from the view of third - party. For the mining of attribute data such as click-through volume and evaluation of shops' pages, the project provides suggestions for further development by analysing the current location of shops.
[bookmark: _Toc7519068]2.4.1 Source of Data Extraction
For the extraction of data, we take one of the records as an example. Figure 1 below shows the page of Kanglong Taizi Restaurant (Donghu Road), the web address of which is http://www.dianping.com/shop/8977386, we can find the information of Name, Scores, Address, Pictures of dishes, Reviews, Keywords of Reviews, Number of Reviews, Number of pictures, Address on Map and so on.
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[bookmark: _Toc5913942]Figure 1 Webpage example of DianPing.com
[bookmark: _Toc7519069]2.4.2 Compare with TripAdvisor
TripAdvisor is a company that was founded in the United States to share hotel and restaurant reviews, accommodation bookings and other travel related content. It includes an interactive travel forum and adopts a model for users to share content earlier. Most of the content services offered by the site are free and supported by hotel booking facilities and advertising business models.
For the compare, we also take the same shop as an example. Figure 2 below shows the page of Kanglong Taizi Restaurant (Donghu Road), the web address of which is https://www.tripadvisor.co.uk/Restaurant_Review-g297437-d8594764-Reviews-Kanglong_Taizi_Restaurant_Donghu_Road-Wuhan_Hubei.html, we can also find the information of Name, Scores, Address, Pictures of dishes, Reviews, Number of Reviews, Number of pictures, Address on Map and so on. Further, we cannot find information of Keywords of Reviews in TripAdvisor, but we can find information like nearby shops that do not exist in the page of DianPing platform.Shop Name
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[bookmark: _Toc5913943]Figure 2 Webpage example of TripAdvisor
[bookmark: _Toc7519070]2.5 Conclusion
In Chapter two, the research and review of literature conclude the findings of previous scholars in three key aspects. First is customer’s value, the creation process of which is crucial to companies. Hence, the value analysis of shops on the platform is compared to this initiative. Second is RFM model, the components of which refer to the purchase recency, frequency and monetary value. The extension of RFM model has been adopted in the experiment. Third is K-Means Clustering which is regarded as unsupervised learning with unlabelled data. The combination of K-Means clustering and RFM model gives an instruction to the classify method of the data from Dianping platform. Also, it explains the components of the web page of the same shop in DianPing.com and TripAdvisor and compare with each other. Further, it sheds lights to the main aim and objectives of the research in that the literature findings help the experiment explore and process data and it offers a useful tool to identify valuable shops with different feature. Finally, the characteristic analysis for different groups in based on the literature review too.
In the next chapter, research methodology of how to collect data, different parts of research process and design of the research will be developed. 


[bookmark: _Toc7519071]3 RESEARCH METHODOLOGY
[bookmark: _Toc462812563][bookmark: _Toc7519072]3.1 Research Overview
Figure 3 below provides a top down view of the Research Process with four phases. The four-phase segregation including research process, philosophy, methodologies and data collection, collectively provides a full view of the design.
[image: ]
[bookmark: _Toc5913944][bookmark: _Toc462812564]Figure 3 Research Overview
[bookmark: _Toc7519073]3.1.1 Research Process
The project is an inductive research, the aim is to recognize the value of different shops in DianPing.com by analysing data from the website. The model uses 5 indexes to recognize high value shops such as M (average price), S (average score), P (total pictures), F(Hits) and R (total vote).
[bookmark: _Toc462812565][bookmark: _Toc7519074]3.1.2 Research Philosophy
The project is a quantitative research, cluster analysis is a method to group samples based on the similarity of data without certain types. Cluster model can be built on data without class labels, and it is an unsupervised learning algorithm. The input of clustering is a group of unlabelled samples, which are divided into several groups according to the distance or similarity of the data itself. The principle of clustering is to minimize clustering within groups and maximize the distance between groups.
[bookmark: _Toc462812566][bookmark: _Toc7519075]3.1.3 Research Methodologies
The project is an experiment and case-study research. For the SRFMP model used in this case, if traditional RFM model is used in analysis and attribute classification, the groups of shops classified will be too much even though it can still recognize the most valuable shops which increases the cost of targeted marketing. Consequently, clustering method will be applied in this case to recognize values of shops. By doing K-Means cluster with five attributes of SRFMP model of catering shops in DianPing.com, the most valuable shops group will be recognized.
[bookmark: _Toc462812567][bookmark: _Toc7519076]3.1.4 Data Collection
Figure 4 shows the initial data that came from the DianPing.com on Wuhan catering with multi-methods. There are 1,0061 pieces of information, each of which included 48 attributes, such as store Id, name and so on.
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[bookmark: _Toc5913945]Figure 4 The overview of data
The attributes of the data can be analysed by per capita consumption, average score, total number of pictures, total number of clicks and total number of comments.
[bookmark: _Ref462733350][bookmark: _Toc462811220][bookmark: _Toc5913983]Table 1 Data Attributes
	Attributes
	Remarks
	Specification

	shopId
	Fixed
	

	shopName
	
	

	altName
	
	

	province
	Hubei Province
	

	Pro-id
	17
	

	city
	Wuhan city
	

	City-id
	16
	

	area
	Wuhan city
	

	Area-id
	16
	

	area-pinyin
	wuhan
	

	districtName
	
	

	Dist-id
	Fixed
	

	bizRegionName
	
	

	bizReg-id
	Fixed
	

	address
	
	

	geoLat
	
	

	geoLng
	
	

	poi
	
	

	shopType
	Fixed
	

	midCategoryName
	
	

	midCategory-id
	Fixed
	

	phoneNo
	
	

	phoneNo2
	
	

	avgPrice
	Based on customers’ view
	M

	shopPower
	Range from 0-5
	

	shopPowerTitle
	Based on shopPower
	

	score1
	Range from 0-10
	

	score2
	Range from 0-10
	

	score3
	Range from 0-10
	

	avgScore
	
	S

	picTotal
	
	P

	defaultPic
	
	

	shopTags
	
	

	dishTag
	
	

	dishTags
	
	

	popularity
	
	

	hits
	
	F

	monthlyHits
	
	

	voteTotal
	
	R

	wishTotal
	
	

	hasBookSetting
	
	

	hasSceneryOrder
	
	

	hasShortDeals
	
	

	hasTakeAway
	
	

	kid
	
	

	addDate
	
	

	scrapyDate
	
	

	branchName
	
	

	branchTotal
	
	



[bookmark: _Toc7519077]3.1.5 Research Design
Figure 5 shows the whole overview of the research design which includes five steps: Business System, Data Extraction, Data Exploration & pre-processing, Modelling & Application and Results & Feedbacks.
For the concrete requirement of data mining, a determined target and a forecast of the results will be the first task. Consequently, we should analyse the field of application including variety knowledge and purposes for application.
After that, it’s time to extract subset of sample data related to targets of data mining from business system. The criteria for extraction are related, reliable and effective rather than using all the data. It can reduce the amount of handling data and save source of the system and even show the regularity of data clearly from selection of sample data.
It is necessary to explore and examine the sample data to ensure the quality of the final mining model. The quality of the mining model will not exceed that of the extracted samples. The purpose of pre-processing and data exploration is to ensure the quality of sample data, thus laying the foundation for ensuring the quality of model.
When the dimension of sampled data is too large, how to reduce dimension and deal with missing values are all problems to be solved in data pre-processing. Because the sampled data contains many noisy, incomplete and even inconsistent data, the data objects involved in data mining must be pre-processed.
After extraction and pre-process of the sample data, the next question to be considered is which kind of problem the model belongs to in data mining application and which kind of algorithm to choose for model construction.
During the process of model, a series of analysis results will be produced. One of the purposes of model evaluation is to automatically find the best model from these models, and the other is to interpret and apply the model according to the business.
[image: ]
[bookmark: _Toc5913946]Figure 5 Research Design
[bookmark: _Toc7519078]3.2 Experiment Preparation
[bookmark: _Toc7519079]3.2.1 Experimental Hypothesis
In this research, different attributes are assumed to have the same weight in clustering experiments. The reason for this hypothesis is to find the comprehensive influence of these attributes on customers. In the future study, different scores can be used to test different effect caused by different attributes. Also, if the value of the attribute equal 0, then it would be looked as outlier. Under this situation, outlier detection is necessary before starting the experiment.
[bookmark: _Toc7519080]3.2.2 Hardware
Personal computer with Windows 10 operating system.
[bookmark: _Toc7519081]3.2.3 Software
The Python Data Science Platform – ANACONDA for Python 3.7 version.
[bookmark: _Toc7519082]3.2.4 Data input
The initial data collected from the DianPing.com on Wuhan catering with multi-methods. The 1, 0061 pieces of information, each of which included 48 attributes, such as store Id, name and so on will be pre-process before putting them into experiment.
[bookmark: _Toc7519083]3.2.5 Experiment Details
Data mining is to find out hide, unknown, potential relationship, mode and trend which can support the decision for future. It can make full use of the analytical tools to find regularity and relationship between model and data and combines statistics, database and artificial technology together.
Under this circumstance, the risk of the arbitrariness of human can be avoided to realize precise marketing and operation management.
[bookmark: _Toc7519084]3.3 Development Methodology
[bookmark: _Toc7519085]3.3.1 Methodology details
The essential tasks for data mining including classification and prediction, clustering analysis, outlier detection, time-series patterns, deviation test and intelligent recommendation and so on. The aim of these methods is to help companies to extract the hide value of business to improve their competitive power.
For a review website, the precise classification of shops group can give the platform a better view of shops to carry out effective measures, so the platform can create more value for customers and get its max profits. 
For different shops, as the user of the platform, the most important goal is to make more page view and turn it into profit. In this situation, the analysis of cluster can give shops a guide to focus on the most attractive part of their webpages. 
For the government, a clear overview of the value of shops make it convenient to decide which shops to give support. So that, the influence of the government can be expanded, and the development of the marketing economy can be improved.
[bookmark: _Toc7519086]3.3.2 Experiment details
Python is an interpreted, high-level, general-purpose programming language. Python has a design philosophy that emphasizes code readability, notably using significant whitespace. It provides constructs that enable clear programming on both small and large scales. [29]
Anaconda is an open source distribution of the Python and R programming languages for scientific computing (data science, machine learning applications, large-scale data processing, predictive analytics, etc.), that aims to simplify package management and deployment. Package versions are managed by the package management system. [30]
[bookmark: _Toc7519087]3.4 Conclusion
This chapter detailed the Research Process and Design, inductive and quantitative research have been chosen to conduct an experiment and case study. Follow the five steps research design: Business System, Data Extraction, Data Exploration & pre-processing, Modelling & Application and Results & Feedbacks, and conduct the experiment in the Python Data Science Platform – ANACONDA. The important things in the whole process includes the extraction of data, data processing and data analysis. Python coding platform offers a useful and powerful tool for the experiment to do data mining and analysing work. Based on the necessary assumption, physical preparation and virtual planning, the experiment can conduct successfully. The following chapter explores the design and implementation of the experiment.


[bookmark: _Toc7519088]4 DESIGN AND IMPLEMENTATION
Clustering analysis is different to classification in that it just depends on the similarity of data rather than the classification of data. Clustering model is an unsupervised learning algorithm which can be set on the data without label while classification model needs sample data with label. The input of clustering is sample data without label, clustering model can divide them into various groups depending on the distances or similarity of the data. The principle of clustering is to get the smallest internal distance and the largest external distance. K-Means algorithm is a typical distance-based and non-hierarchical clustering algorithm. On the base of minimizing the error function, the data is divided into a predetermined number of classes K. Distance is used as the evaluation index of similarity. That is to say, the closer the two objects are, the greater their similarity. In this report, K-Means clustering method will be used on Python Data Science Platform – ANACONDA to analyse data from DianPing.com.
[bookmark: _Toc7519089]4.1	Problem Formulation
1. For the whole data set, how to deal with the missing values and inconsistent outliers? With Raw, unprocessed rough data, the efficiency of data mining will be lower, and the results will even get errors. In this point, process of data cleaning is necessary before clustering experiment. During data cleaning process, irrelevant data, and repetitive data and smoothing noise data will be deleted from initial data set.
2. How should we deal with data from different data source? Data integration offers methods to store different data sources into a consistent data warehouse. However, data from different data sources tends to have different forms. So, it is necessary to consider identification of entities and Attribute redundancy and source data can be converted, refined and integrated at the lowest level.
3. Different forms and units of data brings difficulties to data process and experiment. Due to this, data transformation normalizes the data and converts it into an appropriate format to meet the needs of mining tasks and algorithms. In this report, we use zero-mean standardization method.
4. It will take a long time for data mining and analysing with a large scale of data set, how can we avoid this and improve the efficiency of data process? Data reduction can produce a smaller data set with initial completeness. It will be more effective to analyse and mine on the reduced data and reduce the impact of invalid and error data on modelling which can improve the accuracy of modelling. In addition, it will reduce the cost for storage.
[bookmark: _Toc7519090]4.2	Design
1. This report makes a preliminary exploration and analysis of data from two aspects of data quality and characteristics. After getting the data, we first detect whether there are missing and abnormal values in the data, then analyse the characteristics of the collected sample data to understand the rules and trends of the data, and provide support for the follow-up link of data mining.
2. On the base of data exploration, data are cleaned, integrated, transformed and regulated. By processing the original data, it provides a good data base for subsequent mining and modelling.
3. The SRFMP model based on store value is used to cluster customers by using the pre-processed data. The characteristics of each business group are analysed to identify the valuable business. According to the results of the model, merchants with different values adopt different marketing strategies to provide customized services.
[bookmark: _Toc7519091]4.3	Implementation
[bookmark: _Toc7519092]4.3.1	Data Exploration
Exploratory analysis is the analysis of missing data and outliers, and the analysis of data rules and outliers. The exploratory analysis of this case is to analyse the missing value and abnormal value of the data, and to analyse the law of the data and the abnormal value. Figure 6 shows the code of data exploration. Line 3 shows the raw data which is the first behaviour attribute label and data input file. Line 4 shows the data exploration result table which is the data output file. Line 6 gives the function to read the original data and specify UTF-8 encoding which need to replace the data with UTF-8 encoding using a text editor. Line 8 includes the basic description of the data, percentiles parameter is a table of quantiles (such as 1/4 quantiles, median, etc.) which specifies how much to calculate. T is a transposition, which is more convenient to refer to after transposition. Function of describe () automatically calculates the number of non-null values, which need to be calculated manually. Only part of the results is selected here. Function describe () automatically calculates fields such as non-null value, unique value, highest frequency, highest frequency, mean, STD, minimum, median and maximum.
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[bookmark: _Toc5913947]Figure 6 Code example of data exploration
Table 2 shows the results of finding the number of hollow values, maximum and minimum values of key attribute observations. By observing the data, we found that the selected data here get no missing value because of the filter and discard of record with missing value in spreadsheet. Not all attributes are used in analysing, for example, the province ids are all 17 which means the shops are in Wuhan province, as well as city ids. As a result, some of the attributes will be abandoned. Let look at some significant attributes such as average prices fluctuate in the interval between 521 and 0 Chinese yuan, rating scores fluctuates from 0 to 9.1, number of hits ranges from 1198 to 511163, numbers of pictures are quite different from 1 to 9687 and total votes change from 1 to 6375.
As we could see, data attributes fluctuation in different intervals which can reach the top to 511163 and the bottom to 0. Due to this, data standardization is necessary for modelling.
[bookmark: _Toc5913984]Table 2 Data Exploration
	
	null
	max
	min

	dist_id
	0
	4551
	110

	geoLat
	0
	30.658224
	30.337488

	geoLng
	0
	114.42777
	114.04885

	shopType
	0
	10
	10

	avgPrice
	0
	521
	0

	shopPower
	0
	5
	0

	score1
	0
	8.9
	0

	score2
	0
	9.1
	0

	score3
	0
	9
	0

	picTotal
	0
	9687
	1

	popularity
	0
	188
	0

	hits
	0
	511163
	1198

	monthlyHits
	0
	9956
	0

	voteTotal
	0
	6375
	1

	wishTotal
	0
	7725
	0

	branchTotal
	0
	133
	0


[bookmark: _Toc7519093]4.3.2	Data Cleaning
Through data exploration and analysis, it is found that there are missing values in the data, the minimum average price is 0, the minimum popularity is 0, and the minimum recommended index (wish total) is 0. Because of the large amount of raw data, the proportion of this kind of data is relatively small, which has little impact on the problem, so it is discarded. The specific method is to discard the records whose average price is empty and discard the records whose popularity and recommended index are zero at the same time.
Pandas is used to discard the data satisfying the cleaning conditions. The processing method is to discard all the data satisfying the cleaning conditions. The code is shown in the Figure 7.
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[bookmark: _Toc5913948]Figure 7 Code example of data clean
[bookmark: _Toc7519094]4.3.3	Data Reduction
There are too many attributes in the original dataset. According to SRFMP model of DianPing.com on the value of shops, five indicators related to them are selected as the indicators to identify the value of merchants which are S, R, F, M, P. Unrelated, weakly related, or redundant data will be deleted. Table 3 shows the comparison of the selected attributes.
[bookmark: _Toc5913985]Table 3 Data Attributes Reduction
	Attributes
	Notes
	Abbreviation

	avgPrice
	
	M

	avgScore
	Based on customers’ review
	S

	picTotal
	
	P

	hits
	
	F

	voteTotal
	
	R


[bookmark: _Toc7519095]4.3.4	Data Transformation
Data transformation transforms data into appropriate formats to meet the needs of appropriate mining tasks and algorithms. The data transformation method used in this case is attribute construction and data standardization. Figure 8 shows the code of data standardization. Line 4 and 5 shows the standardized data files and standard-differentiated data storage path files. Line 11 uses concise sentences to achieve standardized transformation with mean value and standard deviation, like any desired transformation.
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[bookmark: _Toc5913949]Figure 8 Code example of data standardization
After standardization of standard deviation, the data of P, R, F, M and S attributes are shown in Figure 6.
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[bookmark: _Toc5913950]Figure 9 Data Transformation Table
[bookmark: _Toc7519096]4.3.5	Outlier Detection
Outlier detection is an important part of data mining. Its task is to find objects that are significantly different from most other objects. Most data mining methods regard this difference information as noise and discard it. However, in some applications, rare data may have greater research value.[31] Cluster analysis is used to discover locally strongly correlated object groups, while anomaly detection is used to discover objects that are not strongly correlated with other objects. Therefore, clustering analysis can be used for outlier detection very naturally. There are usually two methods of outlier detection based on clustering.
Fist is to discard small clusters far from other clusters.
This is one way to detect outliers by clustering is to discard small clusters far away from other clusters. This process can be simplified to discard all clusters less than a minimum threshold.
This method can be used in conjunction with any other clustering techniques but requires a threshold of minimum cluster size and distance between small clusters and other clusters. Moreover, this scheme is highly sensitive to the number of clusters, and it is difficult to attach outlier points to the object with this scheme.
Second is Prototype-based clustering.
Prototype-based clustering is another more systematic approach. Firstly, all objects are clustered, and then the degree to which the objects belong to the cluster is evaluated, that is, outlier score. In this method, the distance from the object to its cluster centre can be used to measure the degree of belonging to the cluster. If deleting an object results in a significant improvement in the target, the object can be considered an outlier. For example, in the K-Means algorithm, deleting the objects whose cluster centres are related to the principle can significantly improve the sum of squared errors of the cluster.
For prototype-based clustering, there are two methods to evaluate the degree of objects belonging to clusters, namely outlier score. One is to measure the distance between the object and the cluster prototype and use it as the outlier score of the object. Secondly, considering that clusters have different densities, the relative distance between clusters and prototypes can be measured. The relative distance is the median ratio of the distance from a point to the centre of mass to the distance from all points to the centre of mass.
The diagnostic steps are as follows:
1 Clustering selection clustering algorithm, such as K-Means algorithm, clustered samples into K clusters, and found the centroid of each cluster.
2 Calculate the distance from each object to its nearest centre of mass
3 Calculate the relative distance between each object and its nearest centre of mass
4 Comparing with a given threshold
If the distance between an object is greater than the threshold, the object is outlier.
Figure 10 shows the code example of discrete point test. The first 16 lines are the same with the K-Means clustering algorithm. Then, each record is processed one by one to find the absolute distance, relative distance and add merge as shown in line 18 to line 24. Next, the drawing toolkit matplotlib.pyplot is called to display labels, minus signs, normal points and outliers and tag them.
[image: ]
[bookmark: _Toc5913951]Figure 10 Code example of discrete point test [32]
Based on the clustering results, the distance between each sample and its clustering centre is calculated, and the outlier sample is analysed. Figure 11 shows the distance error graph. Here, the distance threshold is set to 4. When outliers are detected by clustering, outliers will affect the results of clustering. To deal with this problem, the method of clustering objects and deleting outliers can be used even though this does not guarantee optimal results. Another more complex method is to take a set of special objects that do not fit any cluster well, which represent potential outliers. With the development of clustering process, clusters are changing. Objects that no longer strongly belong to any cluster are added to the potential outlier set. Test the object currently in the set, and if it strongly belongs to a cluster, it can be removed from the potential outlier set. The points remaining in the set at the end of the clustering process are classified as outliers. But this method cannot guarantee the optimal solution either, even better than the previous simple method. This problem is particularly serious when using relative distance to calculate outlier score.
[image: ]
[bookmark: _Toc5913952]Figure 11 Results of discrete point test
[bookmark: _Toc7519097]4.3.6	Model Building
K-Means clustering algorithm is used to cluster shops’ data from DianPing website into five categories. It is necessary to determine the number of merchant categories based on business understanding and analysis. K-Means clustering algorithm is located under Scikit-Learn library.
Scikit-learn is machine learning library software designed for Python programming language and it is for free. It has various features including classification, regression and clustering algorithms including support vector machines, random forests, gradient boosting, k-means and DBSCAN, and the original design of it is to interoperate with the Python numerical and scientific libraries NumPy and SciPy. [33] Figure 12 shows the flowchart of Scikit-learn algorithm flowchart. In the project, K-Means clustering algorithm has been taken into consideration.
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[bookmark: _Toc5913953]Figure 12 Scikit-learn algorithm flowchart [34]
The code of sklearn. cluster is shown in Figure 13. The input data set is input file and the number of clusters is k = 5. Line 7 and 8 shows the sales and other attribute data and files to save results. The iteration is 500 which means the maximum number of cycles in clustering. After that, data file will be read, and data will be initialized. In line 14, K-Means toolkit is imported from sklearn.cluster tool package. This model has k clusters which is 5 and the number of concurrencies is - 1, which means that all CPUs are invoked. Then, clustering begins after the function model.fit(). After waiting for a period, the clustering is completed. The completion time depends on the size of the data that need to be clustered and the processing ability of the computer. In the process of printing results, line 19 counts the number of categories and line 20 finds the centres of clustering. Then, line 21 is horizontal connection (0 is vertical), the number of categories corresponding to cluster centres is obtained. Finally, the categories corresponding to each sample will be output in detail and saved to output file.
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[bookmark: _Toc5913954]Figure 13 Code example of K-Means Clustering [35]
[bookmark: _Toc7519098]4.3.7	Model Training
In the machine learning, given the space of data and model assumptions, optimization problems can be constructed, that is, how to determine parameters to optimize your optimization objectives, which is called model training.[36]
Part of the raw data will be used for model training and 400 record is selected. First, pandas and K-Means method are imported as a tool. After that, core data result after data standardization is input and read to the programme. Here, the number of clusters is k = 5 and the number of concurrencies is - 1, which means that all CPUs are invoked.
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[bookmark: _Toc5913955]Figure 14 Simple code example of K-Means Clustering
After running program, different codes will be used to show the results of clustering in IPython Console. Figure 15 shows 5 different centres of training data.
[image: ]
[bookmark: _Toc5913956]Figure 15 Clustering centres of training data
Figure 16 shows different labels to each training data. Each record corresponds to a clustering centre in which it belongs. The corresponding clustering centres of all data records are shown here. In practice, tables containing all data records and their clustering centres will be output as Excel files.
[image: ]
[bookmark: _Toc5913957]Figure 16 Clustering labels of training data
[bookmark: _Toc7519099]4.3.8	Experiment Implementation
After model training, the core data file will be input into the program which is shown in the Figure 17. This program integrates the experimental process of data standardization so that core data can be imported directly. While running the program, it takes a certain time to process and cluster the data. The length of time depends on the parameters in the program, the size of the input data file and the processing performance of the computer. Figure 15 shows the input and output data files.
[image: ]
[bookmark: _Toc5913958]Figure 17 Input and Output data files
Figure 18 shows the results file of the program. Beyond the Id and other five attributes, clustering category attribute has been added to each record. For example, first record whose ID attribute is 1 belongs to the clustering centre 0. And from the initial data file, names, address and other attributes could be found. Moreover, the forth record whose ID attribute is 4 belongs to the clustering centre 1, the second record whose ID attribute is 2 belongs to the clustering centre 2 and the fifth record whose ID attribute is 5 belongs to the clustering centre 3.
[image: ]
[bookmark: _Toc5913959]Figure 18 Data type file
Figure 19 shows the overview of clustering result, we could see that there are 3806 records belong to clustering group 0, 51 records belong to clustering group 1, 1225 records belong to clustering group2, 278 records belong to clustering group 3 and 16 records belong to clustering group 4. The total amount of clustering centres is 5.
[image: ]
[bookmark: _Toc5913960]Figure 19 Overview of clustering result
Because K-Means clustering select class labels randomly, the class labels in the results obtained by repeating this experiment may be different from this one. In addition, because of the accuracy of the algorithm, the cluster centres obtained by repeating experiments may be slightly different.
[bookmark: _Toc7519100]4.3.9	Probability Density Plot
The Pandas and Matplotlib [37] functions are used to draw probability density function diagrams of different customer groups. Through these diagrams, the value of different customer groups can be compared intuitively. Figure 20 shows the code for probability density plot drawing.
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[bookmark: _Toc5913961]Figure 20 Code example of probability density plot
The code first customizes the drawing function, then uses ‘plt.rcParams’ functions to display labels and negative signs normally and draws and outputs according to the clustering results.
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[bookmark: _Toc5913962]Figure 21 Probability Density Function Graph of Cluster 0
Features of clustering group 0: the number of total pictures is mainly concentrated in the vicinity of 0 which is relatively small; the number of total votes is mainly concentrated in the vicinity of 0 which is relatively small; the number of hits is mainly concentrated in the vicinity of 0 which is relatively small; the average price is mainly concentrated in 20 which is relatively small; the average score is mainly concentrated from 6.9 to 7.5.
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[bookmark: _Toc5913963]Figure 22 Probability Density Function Graph of Cluster 1
Features of clustering group 1: the number of total pictures is mainly concentrated in the vicinity of 5000 which is relatively large; the number of total votes is mainly concentrated in the vicinity of 5000 which is relatively large; the number of hits is mainly concentrated in the vicinity of 200000 which is relatively large; the average price is mainly concentrated in the vicinity of 100 which is relatively large; the average score is mainly concentrated from 8 to 9.
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[bookmark: _Toc5913964]Figure 23 Probability Density Function Graph of Cluster 2
Features of clustering group 2: the number of total pictures is mainly concentrated in the vicinity of 20 which is relatively small; the number of total votes is mainly concentrated in the vicinity of 100 which is relatively small; the number of hits is mainly concentrated in the vicinity of 5000 which is relatively small; the average price is mainly concentrated from 20 to 60 which is relatively small; the average score is mainly concentrated in the vicinity of 8.
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[bookmark: _Toc5913965]Figure 24 Probability Density Function Graph of Cluster 3
Features of clustering group 3: the number of total pictures is mainly concentrated in the vicinity of 2000 which is relatively large; the number of total votes is mainly concentrated in the vicinity of 2000 which is relatively large; the number of hits is mainly concentrated in the vicinity of 80000 which is relatively large; the average price is mainly concentrated in the vicinity of 80 which is relatively large; the average score is mainly concentrated from 8 to 8.6.
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[bookmark: _Toc5913966]Figure 25 Probability Density Function Graph of Cluster 4
Features of clustering group 4: the number of total pictures is mainly concentrated in the vicinity of 100 which is relatively small; the number of total votes is mainly concentrated in the vicinity of 50 which is relatively small; the number of hits is mainly concentrated in the vicinity of 8000 which is relatively small; the average price is mainly concentrated from 400 to 600 which is relatively small; the average score is mainly concentrated in the vicinity of 7.5.
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[bookmark: _Toc5913967]Figure 26 Shop features description table
According to the results of clustering, features analysis has been done as shown in Figure 26. Clustering group 0 has the lowest performance on all attributes. Clustering group 1 has the best performance on P, R, F and S attributes while has the second-best performance on M attribute. Clustering group 2 has the medium performance on all attributes. Clustering group 3 has the second-best performance on P, R, F and S attributes while has the second-lowest performance on M attributes. Clustering group 4 has the second-lowest performance on P, R, F and S attributes while has the best performance on M attributes.
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[bookmark: _Toc5913968]Figure 27 Value ranking of shop groups
The above charts show that each customer group has specific performance features. Based on the description of the features, the project divided customer categories into five categories including maintain high standard, improve potential development, development required, general and low value.
Maintain High Standard: These shops have the best performances on all attributes. They are the high-value merchants of the platform, the most ideal type of shops, and the greatest contributor to the platform. However, the proportion of this type is small. Platforms should give priority to putting the most resources on them, differentiating management policy, implementing one-to-one marketing strategy to improve the loyalty and satisfaction of such shops. Finally, it is important to extend the high exposure of such shops to the platform as far as possible. 
Improve Potential Development: These shops have the second-best performance on P, R, F and S attributes while has a low average price. Such shops are the value roles of the platform. Although the current value of such shops is not very high, they have great potential for development. Platform should strive to promote such businesses to carry out market publicity and increase consumer share. Through the promotion of the value of shops, the satisfaction of these shops will be strengthened, and their transfer costs to other platforms will be increased, so that they will gradually become loyal customers of the platforms.
Development Required: These shops have the second-lowest performance on P, R, F and S attributes while has the best performance on M attributes which means these shops are high-end restaurants. They serve business crowds with very high profit margins and they are also an important source of platform revenue. Their shop value is highly uncertain. Due to the reasons for these customers' recession are different, it is particularly important for the platform to keep up with the latest information and maintain the interaction with the shops. The platform should also infer the mobile status of the merchants according to the changes of their attributes, list the key links among the shops, and adopt certain marketing methods to prolong the life cycle of the customers.
General and Low Value: These shops have a normal performance on all attributes which may be that they don’t pay enough attention to online marketing. Also, without a complete marketing plan may contribute to the bad performance. The platform can offer different online training courses to help shops improve their performance and gain more customers traffic. This kind of shops have a large base, so the platform should be firmly grasped the opportunity. As time goes by, it will be transformed into a strong capital flow of the platform and advertising groups.
The model is modelled with historical data. As the time flows, the window for observation of the data to be analysed are also changing. Therefore, for the detailed information of new shops, considering the actual situation of business, the model is suggested to run once a month, judging the new shops' information through clustering centre, and analysing the characteristics of the new shops. If the situation of incremental data in real differs greatly from the judgment results, business departments need to focus on the reasons for the large changes and confirm the stability and accuracy of the model. If the stability or accuracy of the model changes greatly, the model needs to be re-trained and adjusted. At present, there is no uniform standard for the time of model retraining, and most of the cases are decided by experience. Therefore, it is suggested that the model should be trained every six months.
[bookmark: _Toc7519101]4.3.10	Individual Shop Example
In the part of 2.4 Data from DianPing.com, the page of Kanglong Taizi Restaurant (Donghu Road) is taken as an example to show the data source. Here, this shop is still chosen to verify the experiment results. Figure 8 shows the data of the shop (referred to below as shop 8). The id of the shop is 8 and the colour of orange is used to highlight the data. When we open the link of the webpage of the shop, we could find that some of the data like average price, hits and so on are quite different. The reason for the difference lies on the fast pace of internet today, the data were collected in the middle of year 2018. That’s why the model is suggested to be trained every six months to get the latest situation of the shop and evaluate the effectiveness of the policies.
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[bookmark: _Toc5913969]Figure 28 Data of the shop 8
From the results of experiment, the total pictures of the shop 8 is 3602, the total vote of the shop 8 is 3651, the hits of the shop 8 is 323551, the average of the shop 8 is 98 and the average of the shop 8 is 8.5. The performance of the shop is excellent and far above the average level. As a result, it belongs to clustering category 1 and the queue of maintain high standard which has the best performances on all attributes and is the high-value merchants of the platform.
Also, we find that Kanglong Taizi Restaurant (Donghu Road) is a branch of Kanglong Taizi Restaurant which is a famous chain restaurant in the city of Wuhan. How are the other restaurants doing? What's the relationship between them? How to design the best strategy for platform management? First, let’s look at the performance of other restaurants and we find the shop 248 and the shop 313 are two branches of the Kanglong Taizi Restaurant.
Figure 29 shows that the total pictures of the shop 248 is 1555, the total vote of the shop 248 is 1365, the hits of the shop 248 is 189637, the average of the shop 248 is 98 and the average of the shop 248 is 8.63. The performance of the shop is not as well as the shop 8 but it has the second-best performance on P, R, F and S attributes. As a result, it belongs to clustering category 3 and the queue of improve potential development. It has great potential for development, even though the current value of such shops is not very high.
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[bookmark: _Toc5913970]Figure 29 Data of the shop 248
Figure 30 shows that the total pictures of the shop 313 is 4408, the total vote of the shop 313 is 3519, the hits of the shop 313 is 339285, the average of the shop 313 is 109 and the average of the shop 313 is 8.87. The performance of the shop is excellent and far above the average level. As a result, it belongs to clustering category 1 and the queue of maintain high standard which is the same of shop 8.
[image: ]
[bookmark: _Toc5913971]Figure 30 Data of the shop 313
From the above analysis, the overall of the restaurants is at a high level. Even though, the shop 248 is at the clustering group 3, all the restaurants have a great potential of development. The hits of the webpages of the restaurants are large and the popularity is high among all the restaurants.
Figure 31 shows the location of the three restaurants. The intuition is that even though the three restaurants are located at different area, but they all have geographical advantages because of the prosperous surroundings which may contribute to the best performance.
[image: ]
[bookmark: _Toc5913972]Figure 31 Location of the three restaurants
To summary, the platform should hold the resources of the best performance chain restaurants like Kanglong Taizi Restaurant. Not only will it bring more hits to the webpage, but it also will bring popularity to the platform which may help the platform gain more profit from advertisers. In next sector, several marketing approaches and strategies will be put forward to help the platform improve its management of shops.
[bookmark: _Toc7519102]4.3.11	Application of the Model
According to the feature analysis of each shop group, the following approaches and strategies can be taken as a reference to help the platform improve the management of the shops.
Member's Preferential Policy
According to its own characteristics and regulations, the platform can set up different levels of shop membership and adopt different methods of management. The platform mainly makes profit by publishing advertisement information to merchants and consumers, so the attributes of shops’ hits and evaluation attention are particularly important. Accumulate a certain number of clicks or popularity within a certain period (for example, one year), the suitable shop can become an elite member within the validity period (for example, two years), and enjoy the corresponding high-level services. At the end of the validity period, according to the relevant evaluation methods to determine whether customers are eligible to continue as business members.
Due to that many shops are not aware of the time and requirements for memberships to upgrade or relocate, they often find that they can almost achieve the upgrade or relocation after the evaluation period, but miss the opportunity, so that their previous popularity accumulates white losses. At the same time, this perception may also lead to customer dissatisfaction and lead to the loss of platform shops. The reason for this is that the relevant documents are too complicated and difficult to understand. Therefore, the platform can alert high-value shops who are close to but not yet up to the target before the time point of member upgrading or relegation evaluation and take some promotional or subsidise activities to stimulate shops to reach the corresponding standards through marketing means. In this way, the platform can not only get larger traffic, but also improve the satisfaction of shops, and increase the elite members of the platform.
Credits Exchange
The most attractive part of the platform's resident business plan is that shops can get credits from clicks and popularity and exchange them for promote services. Each platform has a first exchange standard, that is, when the shop’s credits accumulate to a certain extent, the first exchange can be achieved. This standard will be higher than the normal integral exchange standard. However, the accumulation of credits on many platforms will be reduced over time. For example, one platform will be halved or cleared at the end of the year. This will lead to many business members who do not know the situation to lose the accumulated points in vain, and even it is always difficult to achieve the first exchange. Similarly, this will also cause dissatisfaction or loss of business. The platform can take measures to extract members from the database that are close to but not yet up to the first exchange standard and remind them or promote them. Once the first exchange is realized, it is easier for the shops to promote on this platform than on other platforms, which increases the cost of transfer to a certain extent. In addition, in some special time points can give merchants some reminders, which can increase the satisfaction of shops.
Cross Selling
By cooperating with more media platforms and offline businesses, shops can gain the integral of the platform in more business activities, strengthen the connection with the platform and improve customer loyalty. For example, the platform can check the scores of key customers in other platforms partners, find out their customary ways of integration (whether they often consume in partners, which type of products they prefer), and carry out corresponding promotional activities for them.
Merchant identification period and development period lay the cornerstone of merchant relationship, but the merchant relationship brought by these two periods is short and unstable. In order to obtain long-term profits, enterprises must have stable and high-quality merchants. Maintaining merchants is very important for enterprises, not only because the cost of winning a new merchant is far higher than the cost of maintaining an old merchant, but also because the loss of merchants will result in direct loss of company profits. Therefore, in this period, the platform should strive to maintain merchant relationship, make it at a higher level, maximize the value of interaction with the company and merchants in the life cycle, and make such a high level if possible. For this stage of merchants, mainly through providing high-quality service products and improving service level to improve merchant satisfaction. Through data mining of passenger database and merchant segmentation, the list of important merchants can be obtained. By doing these, the platform can get cross-side network effect which means with more and more high value shops on the platform, more and more customers on the other side will come to the platform. As a result, the platform can get larger with economy of scale.
[bookmark: _Toc7519103]4.4	Extension to the Experiment
To extend and test the usability of the model, the dataset of hotels from TripAdvisor is found to train the model (http://kavita-ganesan.com/entity-ranking-data/#.XIghLCj7RPZ) and Figure 32 shows the overview of the TripAdvisor dataset. Then, some processing works will be done to evaluate the dataset.
[image: ]
[bookmark: _Toc5913973]Figure 32 Overview of the TripAdvisor dataset
First is data exploration work, some of the important attributes have been selected to explore. Table 4 shows the results of data exploration using the previous same code before.
[bookmark: _Toc5913986]Table 4 Data exploration results
	
	null
	max
	min

	Id
	0
	953
	1

	Reviews
	0
	301
	1

	Cleanliness
	0
	5
	1

	Service
	0
	5
	1

	Location
	0
	5
	1

	Rating
	0
	5
	1


Second is data cleaning work, operations of spreadsheet in Excel are used to clean the records with invalid data and missing data.
Third is data reduction work, with many attributes in the original dataset, some of the important data attributes like reviews, cleanliness, service, location and rating are chosen to compose the CRFMS model. Unrelated, weakly related, or redundant data will be deleted. Table 5 shows the comparison of the selected attributes.
[bookmark: _Toc5913987]Table 5 Data Attributes Reduction
	Attributes
	Notes
	Abbreviation

	Cleanliness
	
	C

	Reviews
	Amount of customers’ review
	R

	Location
	
	F

	Rating
	
	M

	Service
	
	S


Forth is data transformation work, data of these attributes should be standardized into appropriate formats to meet the needs of appropriate mining tasks and algorithms. Figure 33 shows the data transformation results.
[image: ]
[bookmark: _Toc5913974]Figure 33 Data Transformation Results
Fifth is outlier detection work, different data objects must be found to discard because outliers will affect the results of clustering when outliers are detected by clustering. Figure 11 shows the results of discrete point test using the same code before. Here, the threshold is set to three and the outliers are deleted manually in the Excel spreadsheet.
[image: ]
[bookmark: _Toc5913975]Figure 34 Results of discrete point test
After preparation work, the core data file will be input into the program. The program which integrates the experimental process of data standardization will be used to do clustering work. While running the program, it takes a certain time to process and cluster the data. Figure 35 shows the results file of the program. Beyond the Id and other five attributes, clustering category attribute has been added to each record. For example, first record whose ID attribute is 1 belongs to the clustering centre 2 and from the initial data file, names, address and other attributes could be found. Moreover, the second record whose ID attribute is 2 belongs to the clustering centre 1.
[image: ]
[bookmark: _Toc5913976]Figure 35 Data type file
Figure 36 shows the overview of clustering result, we could see that there are 213 records belong to clustering group 0, 105 records belong to clustering group 1, 206 records belong to clustering group2, 110 records belong to clustering group 3 and 313 records belong to clustering group 4. The total amount of clustering centres is 5.
[image: ]
[bookmark: _Toc5913977]Figure 36 Overview of clustering result
Next, the Pandas and Matplotlib functions will be used to draw probability density function diagrams of different customer groups. Through these diagrams, the value of different customer groups can be compared intuitively.
[image: ]
[bookmark: _Toc5913978]Figure 37 Probability Density Function Graph of Cluster 0
Features of clustering group 0: the number of total reviews is mainly concentrated in the vicinity of 10 which is relatively small; the evaluation of cleanliness is mainly concentrated in the vicinity of 3 which is relatively small; the evaluation of service is mainly concentrated in the vicinity of 2.6 which is relatively small; the evaluation of location is mainly concentrated in 4 which is relatively small; the total rating is mainly concentrated from 2.5 to 3.

[image: ]
[bookmark: _Toc5913979]Figure 38 Probability Density Function Graph of Cluster 1
Features of clustering group 1: the number of total reviews is mainly concentrated in the vicinity of 150 which is relatively large; the evaluation of cleanliness is mainly concentrated from 4 to 5 which is relatively large; the evaluation of service is mainly concentrated in the vicinity of 4 which is relatively large; the evaluation of location is mainly concentrated in 4.5 which is relatively large; the total rating is mainly concentrated from 4 to 4.5.

[image: ]
[bookmark: _Toc5913980]Figure 39 Probability Density Function Graph of Cluster 2
Features of clustering group 2: the number of total reviews is mainly concentrated from 0 to 50 which is relatively small; the evaluation of cleanliness is mainly concentrated in the vicinity of 4.5 which is relatively large; the evaluation of service is mainly concentrated from 4 to 4.5 which is relatively large; the evaluation of location is mainly concentrated in 4.5 which is relatively large; the total rating is mainly concentrated in the vicinity of 4.3.

[image: ]
[bookmark: _Toc5913981]Figure 40 Probability Density Function Graph of Cluster 3
Features of clustering group 3: the number of total reviews is mainly concentrated from 0 to 10 which is relatively small; the evaluation of cleanliness is mainly concentrated from 1 to 2 which is relatively small; the evaluation of service is mainly concentrated from 1 to 2 which is relatively small; the evaluation of location is mainly concentrated in 3 which is relatively small; the total rating is mainly concentrated in the vicinity of 2.

[image: ]
[bookmark: _Toc5913982]Figure 41 Probability Density Function Graph of Cluster 4
Features of clustering group 4: the number of total reviews is mainly concentrated from 0 to 50 which is relatively small; the evaluation of cleanliness is mainly concentrated in the vicinity of 4 which is relatively large; the evaluation of service is mainly concentrated in the vicinity of 3.5 which is relatively small; the evaluation of location is mainly concentrated in 4.2 which is relatively large; the total rating is mainly concentrated from 3.5 to 4.
[bookmark: _Toc7519104]4.5	Summary of Results
[bookmark: _Toc7519105]4.5.1 Experiment-based Projects
From the experiment performed before, five clustering centres have been got and all the valid data has been classified in to specific group. In addition, the excel file with all data has been output with a specific clustering category at the end of each record.
Probability density function diagrams of different customer groups which show the comparison of different customer groups’ value intuitively have been drawled with the Pandas and Matplotlib function which is integrated in the toolkits of Spyder platform. Based on the analysis of the results, there are five ranks of different groups which are Important Maintenance, Important Development, General, Important Retention and Low Value. Each of the rank has obvious difference on the features. As a reason, some advanced policies have been made to promote different groups.
The results are what I expected in three aspects. First, it classified the data into different five groups and shows the difference between each group clearly; Second, the number of records in each group has multi-level differentiation which indicates the distribution of different featured shops are unbalanced; Third, the diagrams of the results have run smoothly to show the results. In addition, the experiment method and results are strictly related to the literature review before. Here, the RFM model is extended to SRFMP model and K-Means clustering algorithm is coded in Python scientific platform – Spyder.
There do have some interesting correlations in the data set. From the data file, the records in clustering group 0 have the lowest performance on all attributes. While the records in clustering group 1 has the best performance on the most attributes including total pictures, total votes, total hits and average scores.
Even though the overall answers are consistent to the expectation, there are still some aspects doesn’t meet the expectation. When building shop features description table, clustering category 4 tends to have low attributes on P, R, F, S but it has the highest attribute on M. The explanation for this phenomenon is this kind of shops is high level shops which only serve a few groups of people with high fortune but have picky preference. These shops don’t need to decorate their online webpages so much because they already have high reputation for their position in the fields of restaurants.
Before the formal experiment, a model training experiment has been conducted to test the feasibility of the experiment program. After the running of training data, all the valid data has been input into the program to cluster and the program has run well. After the experiment on data from Dianping website, the data of hotels in central London area has been collected from the TripAdvisor. Then this data set has been put into the program in the same way to get the clustering results, too. The further experiments imply that the model can be used in group classified of different areas, but it should be run at a fixed interval to avoid the influence of time.
[bookmark: _Toc7519106]4.6	Conclusion
To summary, this chapter combines with case study of value analysis of shops in Dianping website and mainly focuses on the real application of K-Means clustering algorithm and RFM model. With the insufficient identification of traditional RFM models for shop value, K-Means clustering and PRFMS model are adopted to identify different groups of catering data from Dianping website and the whole process of data mining is described. Afterwards, the results of experiment have been analysed and further experiment about TripAdvisor data have been conducted to make comparison. Different groups have different features which give indication to the application and extension of the model.
In the future, the K-Means clustering algorithm should be combined with customer churn analysis to strengthen the customer relationship management of the platform and ensure the profit growth of the platform. At the same time, the platform should further consider the size of the company, market share and unit cost. The longer the relationship between the customer and the platform, the higher the profit that will be brought to the platform. Every loss of one customer is greater than the loss of getting a new customer.


[bookmark: _Toc7519107]6	EVALUATION
[bookmark: _Toc7519108]6.1 Conclusions drawn from data
The conclusion that can be drawn from my data is that all the data can be classified into five group with specific features after clustering work. The five groups which are Important Maintenance, Important Development, General, Important Retention and Low Value represent five ranks of the platform. The differences between each group express clearly on different attributes. As a result, the platform should adopt different policies to improve the quality and quantity of shops on it which can in turn bring more hits and profit for the platform.
[bookmark: _Toc7519109]6.2 Data with literature review
The data and methods used in the experiment is consistent with that in the literature review. First customer’s value analysis is taken as a reference to make analysis on shops of the Dianping platform. The main aim of the platform is to improve the total value of the shops which can be analogized to the customer’s value improvement of the platform. As a result, RFM model which is extended to PRFMS model in the experiment used the creative definition by some of the researchers’ work recognizes valuable shops from big data by three or more selective attributes. Even though some changes have been made to redefine the meaning of the significant attributes, the core analyzing method is still the same. Finally, K-Means clustering algorithm which is unsupervised learning task with unlabeled data is used to test the unseen behavior of the data. With the given represented objects, 5 groups have been found with the similarity that internal objects are high while external objects are low. After the main experiment of Dianping platform, the compared experiment of TripAdvisor has been conducted to prove the utility and effectiveness of the method.
[bookmark: _Toc7519110]6.3 Data with objectives
[bookmark: _Hlk4408513]The experiment has met the objectives. First, the literature of the method, model and analysis has been studied to give a hint of this experiment and results. Second, historical data of Dianping website and TripAdvisor has been extracted as the input data of the program. However, incremental data connected behind the existing data hasn’t been found to prove the continuity of the program even though the platform needs to train the data at a standard interval to ensure the effectiveness of the program and this could be done by doing more data mining work afterwards. Third, the data needs to experience several pre-processing works for preparation including data exploration, data cleaning, data reduction, data transformation, outlier detection and delete work. Then, K-Means clustering method has been used to identify valuable shops through features of different shops’ group based on the data after prepared work and the value model. From the results of clustering, the experiment has taken the success and show obvious distinction between groups. Finally, customized policies including member’s preferential policy, credits exchange and cross selling has been made to shops with different value by using several marketing methods. To here, nearly all the objectives have been made through experiment and analysis. Even though some parts of the objective such as the vacant of incremental data has not been met, it doesn’t influence the main result and finding of the report.
[bookmark: _Toc7519111]6.4 Data with aim
The report first classified the features of different shop groups in Dianping Platform with SRFMP model used in K-Means clustering method and specific analysis were given for the application of the results. Then a compared experiment of TripAdvisor has been conducted to verify the validation of the method and results. To this point, the report has met the main part of the aim settled before, even though there are still some issues in detail need to be talked in further works.
[bookmark: _Toc7519112]6.5 Expected answers
Overall, the results are consistent with my expectations in that the data of the Dianping platform has been clearly classified into five groups with different features. However, the true features of different groups cannot be expected too clearly because the amount of the data is too large to analyze manually. As a result, features of different groups need to be analyzed with the initial data and the current situation of the platform. In some point, the results are not that well to analyze because of the obvious difference. In future works, some visit, investigation and interview still need to be done to make the analysis of the results more flexible to the situation in the real world.
[bookmark: _Toc7519113]6.6 Do it again
If I were to do the experiment again, I would spend some more time to find out the effective data from different platform. The data does not only need to be ample to analyze but it also needs to be continuous at a standard interval so that the analysis of the experiment could be continuous. This is also meet the requirement that K-Means algorithm needs to be run at some intervals to ensure the effectiveness of the results.


[bookmark: _Toc7519114]7	CONCLUSIONS AND RECOMMENDATIONS
[bookmark: _Toc7519115]7.1	Summary
In the main body of the report, the finding of the question, the aims and objectives of the research have been put forward as a precondition for the research. Then, the concentration has been moved for the previous research and literature surveys, views, findings and experiment related to customers’ value creation, RFM model and K-Means clustering from other scholars have been studied as a preparation work for the research. In addition, a comparison between Dianping platform and TripAdvisor has been made to explain the similarity and difference between them. After that, overview, process, philosophe, methodologies, data collection, design of the research and more issues related to the experiment such as hypothesis, requirement of hardware and software, details and development methodology have been explained before conduction of the experiment. 
When comes to the main part of the report which is the design and implementation of the experiment, research problem has been formulated again to make the targets of the experiment clearly. Then, several pre-processing works for preparation including data exploration, data cleaning, data reduction, data transformation, outlier detection and delete work have been implemented on initial data. After doing that, valuable shops with different featured attributes have been identified through K-Means clustering method. Probability density plots and tables have been used to show the results intuitively and a chain of customized analysis has been made after that. In addition, individual shop research and compared experiment of TripAdvisor have been conducted as a supplement.
[bookmark: _Toc7519116]7.2	Conclusion
In literature review part, three key aspects of findings by other scholars including customer’s value, RFM model and K-Means clustering have shade lights on the report. Different design of web page in Dianping platform and TripAdvisor gave a hint on the analysis of the experiment result. As in the experiment design of this report, the creation of shop value, extension of RFM model and improvement of K-Means clustering have been adopted to make the experiment complete.
In the research methodology part, the decision of inductive and quantitative research has been made to construct the base of the experiment and case study. The research has been designed as a business information system analysis and the first work of which is to extract both historical data and incremental data. Then data exploration and pre-processing work including data clean, attribute specification and data transformation should be done as preparation. In the main part of the design, the model has been built with PRFMS model and K-Means clustering. After the training of data, analysis and application of the data should be made to help the platform improve their marketing strategies. In addition, the platform for experiment has been chosen as the Python data science platform which is ANACONDA.
In the design and implementation part, the real application of PRFMS model and K-Means clustering has been combined with the case study of shop value analysis of Dianping platform. The whole data mining and analysing process has been descripted with many specific methods which offered powerful and useful tools for experiment and analysis. Then, an overall analysis of the experiment results and a case study of individual shops have shed some lights on the establishment of strategies for the platform. Also, a further and compared experiment about TripAdvisor hotels data has been conducted to make sure that the method and analysis of the previous experiment is general and effective.
[bookmark: _Toc7519117]7.3	Recommendations for Further Research
The research which has been conducted has many possibilities for future works, following are some significant aspects.
1. Not only the historical data of the Dianping platform, but also the incremental data of Dianping platform which composes a continuous data record for training and analysing should be collected from the website. By doing this, the platform could know more about how they were doing and how much improvement they have got. In particular, the preference of users and the offer of shops in platform are in a way of changing frequently. As a result, effective data at a standard interval that be trained by the method at a standard interval too could give the platform a more continuous information about its shops. To achieve this goal, researcher could cooperate with the company and offer them advises at the first stage. The reaction of the company and the influence of the strategies should also be documented as a comparison between the real situation and hypothetical situation.
2. To make the research show the effectiveness and generality clearer, data from Dianping platform and TripAdvisor platform should be collected in the same time and get data at same interval after that which can be a control on different variables. By doing so, the comparison between Dianping platform and TripAdvisor platform can be more formal to show how the method classify data into different groups and how the analysing process are going to make the results more obvious for different users to see and make effective strategies.
3. All the data that used to analyse is collected from the platform which may cause one-sided analysis of shops. From the results of the experiment, it can only show the phenomenon that how is the shop performed in some specific attributes. However, there always have some reasons for different phenomena which cannot be found just through the data analysis. For this reason, investigation for reasons behind the performance of shop attributes should be launched by visiting the real shop and doing interviews with the shop managers or staff. Also, interviews of different customers that come to the shop could also be done to verify the results of the research. After the investigation works, the analysis can be combined with the routine analysing method and further analysing suggestion based on the results of the experiment and the achievement through investigation.


[bookmark: _Toc7519118]8	REFLECTION
In carrying out the research, I have encountered many interesting things and encountered many difficulties which I tried to overcome them. When this research was completed, I had a lot of experience and reflection to talk about.
At first, when I studied the topic, I couldn't know exactly what I wanted to do, what problems I needed to solve, and what methods I needed to use, so the work did not go smoothly. Then, I inspected the research directions and methods of other scholars according to a big target direction - Data Mining and analysis. Until I found the current status and problems of a kind of platform, such two-sided platforms are very common in real life including credit cards, newspapers, Microsoft and so on. Under this category, there are still some deficiencies in the business model of bilateral platforms, such as Dianping platform and TripAdvisor platform, for information sharing and comment scoring. I hope to use the method of customer value analysis for reference to analyse the existing business value of the platform. Clustering businesses and identifying the attributes and characteristics of different groups, so that the platform can formulate relevant policies and policies, improve the retention rate of businesses while increasing the flow of the platform, and ultimately achieve the effect of increasing profits of both sides. Through learning and drawing lessons from other scholars, my research direction and methods have become increasingly clear. Through the experiment, I got the expected results, and made a comparative experiment and multi-group analysis, and analysed the results of the experiment from various angles. Although the overall completion of the experiment is still acceptable, there are still some problems needing attention and further research in the future. I will also continue to study and research to solve the problems perfectly.
In the progress of the project, I also encountered many problems, the first one is the problem of data. Platform officials do not share their data, the data on the platform's web pages cannot be crawled because the amount of data involved is very large. As a result, I searched and exchanged from different data sharing websites and forums and got the data of the platform in a certain period. The data here are displayed on the platform's web pages, and there is no privacy data related to the platform and users. Even if effective historical data are obtained, continuous data of observed data changes are still not available. This means that we can only analyse the value of the platform at a certain time but cannot observe its changes and fluctuations. These problems are expected to be solved in future research.
Secondly, after obtaining the clustering results of the experiment, it is necessary to identify different group value rankings and their attribute rankings manually. This kind of work can be recognized by computer through programming and the results can be obtained directly. Based on this, clustering for value analysis can be accomplished by a more concise, time-saving and efficient method, which also provides a reference for improving the business model of the platform.
[bookmark: _GoBack]Finally, through the research of this project, I have mastered the basic research methods and operation steps of data mining and analysis. There are many mature models in data analysis that can be invoked, and data analysis can be carried out quickly by mastering the use methods and basic principles of the models in practice. Python language is concise and practical. Many different functions can be realized by importing third-party libraries, such as drawing, data visualization, model building, etc. It can be built flexibly according to needs. In the future, I will further study the relevant theoretical knowledge and experimental skills of data mining and analysis and prepare for future research work.
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Baking Duck was awesome

Kanglong Taizi Restaurant (Donghu Road) is famous for its baking duck and food was so
delicious there. ambience was pretty good and very good maintenance is afiracting people
for sure. service was also good.
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Great view of the museum from here

Went or lunch. We were fortunate to get a table on the 5th floor of this wedding convention
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(3 1_data_explore. py+ B

1 import pandas as pd
2

3 datafile= 'F:/zydata/catering data.xlsx’

Z4resultfile = 'F:/zydata/explore_result.xlsx’

5

6data = pd.read_excel(datafile, encoding = 'utf-8')

7

3 explore = data.describe(percentiles = [], include = 'all’).T
9 explore[ 'null'] = len(data)-explore['count']

10

11 explore = explore[['null’, 'max’, 'min']]

12 explore.colums = [u'null’, u'max’, u'min']

13

14 explore.to_excel(resultfile)
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(3 2_data_clean.py+ @

;import pandas as pd

jdataﬁl 'F:/zydata/catering_data.xlsx’

5 cleanedfile = 'F:/zydata/data_cleaned.xls’
?data - pd.read_excel(datafile,encoding="utf-8')
idata - data[data[ 'avgPrice’ ].notnull()]

10

11 indexl = data['avgPrice’] != @
12 index2 = (data[popularity’]
13 data = data[index1 | index2 ]
14

15 data. to_excel(cleanedfile)

0) & (data['wishTotal'] == @)
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(3 3_zscore_data.py+ B

1 import pandas as pd
2

3datafile = 'F:/zydata/coredata.xls’

4 zscoredfile = 'F:/zydata/coredataresult.xls’

5

6data = pd.read_excel(datafile)

7data = (data - data.mean(axis = 0))/(data.std(axis = 8))
8 data.columns=['Z'+1 for i in data.columns]

9

10 data.to_excel(zscoredfile, index = False)
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BB data_zs - DataFrame - o X

Index P R F M s

1 -0.355192 -0.410419 -0.341411 0.110922 -0.491276

2 0.942208 0.59176 0.761028 0.440608 1.84952

3 0.0677739 0.009725 0.0330742 0.220817 -0.982089

4 3.86991 3.36702 8.74105 1.16592 1.33983

5 3.20753 0.841019 3.44086 1.4956 1.66075

6 -0.263986 -0.0635111 0.490919 -0.526472 -1.73718

7 -0.401935 -0.40528 -0.353395 0.37467 -1.86933

8 3.67952 4.25871 7.77028 1.23185 2.89493

9 0.415495 -0.00954767 -0.0632278 0.770294 0.962284

10 0.0107704 9.122791 0.113784 0.550503 0.528104
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(3 6 discrete_point_test. py+ B

1 import numpy as np
2 import pandas as pd

3

4Ainputfile = "F:\\coredata.xlsx"
5k=5

6 threshold = 4

7 iteration = 500

8data = pd.read_excel(inputfile, index_col = 'Id")
9data_zs = 1.0*(data - data.mean())/data.std()

10

11 from sklearn.cluster import KMeans

12model = Kieans(n_clusters = k, n_jobs = 4, max_iter = iteration)

13 model. fit(data_zs)

14

15r = pd.concat([data_zs, pd.Series(model.labels_, index = data.index)], axis = 1)
16 r.columns = list(data.columns) + [u'Clustering Category']

17

18 norm = []

19for 1 in range(k):

20 norm_tmp = r[['P', ', "M, 's']][r[u'Clustering Category'] == i]-model.cluster_centers_[i]
21 norm_tmp = norm_tmp.apply(np.linalg.norm, axis = 1)

22 norm.append(norm_tmp/norm_tmp.median())

23

24norm = pd.concat(norm)

25

26 import matplotlib.pyplot as plt

27 plt.rcParams[ ' font.sans-serif'] = ['Sintei']

28 plt.rcParams[ ' axes.unicode_minus'] = False

29 norm[norm <= threshold].plot(style = 'go')

30

31discrete_points = norm[norm > threshold]

32 discrete_points.plot(style = 'ro')

33

34for i in range(len(discrete_points)):

35 id = discrete_points.index[i]

36 n = discrete_points.iloc[i]

37 plt.annotate(’ (%s, %0.2f)'%(id, n), xy = (id, n), xytext = (id, n))
38

39 plt.xlabel(u’ Number ")

40 plt.ylabel(u'Relative Distance')

41 plt. show()
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(3 4k neans.py+ B

1 import pandas as pd
2

3inputfile = 'F:/zydata/coredata.xls’

Zoutputfile = 'F:/data_type.xls’

Sk =5

6 iteration = 500

7data = pd.read_excel(inputfile, index_col = 'Id")

8data_zs = 1.0*(data - data.mean())/data.std()

9

10 from sklearn.cluster import KMeans

11model = Kieans(n_clusters = k, n_jobs = -1, max_iter = iteration)
12 model. fit(data_zs)

13

1471 = pd.Series(model. labels_).value_counts()

15r2 = pd.DataFrame(model.cluster_centers_)

16r = pd.concat([r2, ri], axis = 1)

17r.columns = list(data.columns) + [u'Category Number']

18 print(r)

19

20+ = pd.concat([data, pd.Series(model.labels_, index = data.index)], axis = 1)
21r.columns = list(data.columns) + [u'Clustering Category']

22 r.to_excel (outputfile)
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M) 7-4_Klleans_cluster. py+ £

1 import pandas as pd
2 from sklearn.cluster import KMeans

3

4 inputfile = 'F:/coredataresults.xls’

5k =5

6

7data = pd.read_excel(inputfile)

8

9kmodel = Kieans(n_clusters = k, n_jobs = -1)
10 kmodel . fit(data)
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In [8]: kmodel.cluster_centers_

out[8]:

array([[-1.59568843, 0.24837326, ©.27644493, 0.38226499, 0.43609416,
0.54158767],
[-1.63749917, 5.40843236, 5.58044315, 6.90696375, 0.84408079,
1.51647077],
[-1.6024216 , -0.2495294 , -0.25004866, -0.08703653, -0.2284915 ,
-1.00739229],
[-1.61129747, -0.10589674, -0.25773677, ©.91530398, 7.9098308 ,

0.3141599 ],

62056605, 1.42937392, 1.58478361, 3.07104634, 1.05396135,

1.
0.75404274]1)
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In [9]: kmodel.labels.
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30 def density_plot(data):

31 import matplotlib.pyplot as plt
32 plt.rcParams['font.sans-serif'] = ['Sintei']

33 plt.rcParams[ axes.unicode_minus'] = False

34 p = data.plot(kind="kde', linewidth = 2, subplots = True, sharex = False)
35 [p[i].set_ylabel(u'density’) for i in range(k)]

36 plt.legend()

37 plt.tight_layout()

38 return plt

39

40 pic_output = 'F:/pd_"

41for i in range(k):

42 density_plot(data[r[u’Clustering Category']

1).savefig(u'%s%s.png’ %(pic_output, 1))
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{_london_hc hoxton hotel 3338-d6217 -1  london -1 UK ec2a 3hu -1 -1 301 4.760797342 4581395349 4508305648 3.820598007 4.697674419 0 4.473754153
nd_london_  thelevin  86338-d21 -1 london -1 UK sw3 las -1 -1 31 4.870967742 464516129 4709677419 4.935483871 4580645161 0 4.748387097
n_hilton_lon london tower t14236-r49¢ -1 london -1 UK sel 2by -1 -1 275 4.749090909 4578181818 4389090909 4.465454545 4.254545455 0 4.487272727
idon_the_mc montcalm loncd192069-r -1 london -1 UK wilh 7tw -1 -1 13 4.692307692 4384615385 4615384615 4538461538 4.230769231 0 4.492307692
pndon_the_he stafford hote8-d18757C -1  london -1 UK swla 1nj -1 -1 32 4.71875 4.625 4.78125 4.875 4.34375 0 4.66875
london_haynaymarket hote38-d65151 -1  london -1 UK swlydbp -1 -1 50 4.88 4.8 4.52 4.66 3.88 0 4.548
don_rubenoens at the pale-d199868-1 -1  london -1 UK swiwOps = -1 -1 284 4.64084507  4.197183099 4.598591549  4.753521127 4.214788732 0 4.480985915
d_london_tl the goring 36338-d21¢ -1  london -1 UK swiw Ow | -1 -1 41 4.756097561  4.268292683 4.682926829 4463414634  4.12195122 0 4.458536585
don_the_ke: kensington hcd1371050- -1 london -1 UK sw7 5Ir -1 -1 50 4.58 4.3 444 4.64 444 0 4.48
ndon_luna_ina simone hot8-d254575 -1  london -1 UK swlv2bb = -1 -1 301 4797342193 4146179402 4637873754 4607973422 4624584718 0 4.562790698
lham_grandand london chg49780346- -1  london -1 UK swl10 Oxg -1 -1 80 47375 4775 45 3.625 42375 0 4375
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—1. 679252312 3.03649621 1. 255095361 1.40460142  0.903657364  1.403761975
—1.675620937  1.535625064 1.267446757  1.461874058  0.345500892  1.374677643
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—1.653832684 0. 363436386 1.178972349  1.623569073  1.286506066 1.517988802
—-1.650201309 0. 087766176 1.33937406  1.335486872  0.966086639 1.367386163
—1.646569933 3. 495946561 1.101477255  1.422150323  1.105463317 1. 283804399
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1 127  4.807637795 4.913385827 4.779527559 4.77480315 2
2 170 4.958823529 4.764705882 4.817647050 4.752041176 1
3 226 4.871681416 4.85840708 4.623803805 4.662831858 1
4 256 4.81640625  4.5859375  4.8671875 4625 1
5 39 4923076923 4.615384615 4.615384615 46 2
6 301 4.803086711 4.80730807  4.77076412  4.609302326 1
7 301 4794019934 4534883721 4.332225014 4.548837200 1
8 301 4.830564784 4.544850498 4.451827243 4.598006645 1
9 301 4.823020266 4.707641196 4.813953488 4.617940199 1
10 83 4931818182 4.761363636  4.875  4.702272727 2
11 60 4783333333 a7 4.866666667 a7 2
12 55  4.836363636 4.854545455 4.900090000 4.745454545 2
13 254 4795275501 4.582677165 4.618110236 4.577165354 1
14 156 4.807602308 4.634615385 4.243580744 4.553846154 1
15 301 4.80730807 4.621262458 4.598006645 4.575415282 1
16 301 4760797342 4.508305648 3.820598007 4.473754153 1
17 31 4870067742 4700677419 4.935483871 4.748387007 2
18 275 4749000009 4.380000909 4.465454545 4.487272727 1
19 13 4602307692 4.615384615 4.538461538 4.492307692 2
20 32 4.71875 4.78125 4.875 4.66875 2
21 50 4.88 4.52 4.66 4.548 2
22 284 464084507 4.598501549 4.753521127 4.480985915 1
23 41 4756007561 4.682026820 4.463414634 4.458536585 2
24 50 4.58 4.44 464 4.48 2
25 301 4797342193 4.637873754 4.607973422 4.562790698 1
26 80 4.7375 45 3625 4.375 2
27 266 4744360002 4.402255639 4.600022556 4.463900774 1
28 104 4634615385 4.557692308 4.336538462 4.484615385 2
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