Pronto Parcels Case Study

                               Abstract
Through the analysis of the demand of Pronto parcels company, this paper aims to change the backward situation of the logistics level of this enterprise. Through the database course of this semester, a complete logistics information system is designed to improve the logistics and transportation business of PP company, and improve the logistics efficiency and quality of the company, Assist PP company to establish a logistics channel for timely transportation and feedback.

Data system functions: customer information, order information, vehicle information, route information, evaluation information.
1.1 Customer information function
Provide customers with basic information addition, modification, and deletion functions. include:
(1) Customer information increase: Enter information through registration, including customer name, phone number, login password, company address, registration time, legal person name, contact name and other information. After submission, the system will generate a customer number for it, and This sequence coexists and is embedded in the customer registration information to realize basic information recording.
(2) Customer information modification: Registration errors or information need to be modified can modify the login password, modify the name of the contact person, and modify the contact phone number.
(3) Deletion of basic customer information: The basic customer information can be deleted by canceling the account. 
1.2 Vehicle information management
(1) Increase in vehicle information: The system adds basic vehicle information, including brand number, type, maximum load, accident experience, service category, time of registration, and transportation unit price (calculated by weight). After all the information in the constraint check is filled in correctly, the increase is successful, and the vehicle number is generated.
(2) Vehicle information modification: The system can modify the specific content of the basic information of the vehicle. Including the license plate number, vehicle type, vehicle load, the age of the vehicle can be modified when the vehicle is on the license plate, the vehicle accident situation, the vehicle service intention, and the transportation unit price can be modified.
(3) Vehicle information query: vehicle information can be inquired according to different conditions. You can query the basic information of the vehicle according to the vehicle license plate number, query the basic information of the vehicle according to the type of the vehicle, and query the vehicle according to the load. Inquire about basic vehicle information according to vehicle accident situation, vehicle service intention, and transportation unit price.
(4) Deletion of vehicle information: If there is a vehicle problem, you can delete the basic information of the vehicle, including fields such as vehicle number, license plate number, vehicle type, maximum load, plate time, service intention, accident situation, transportation unit price, etc. 
1.3 Order basic information management
(1) Order increase: fill in fields such as customer number, cargo name, cargo weight, distance length, departure place, destination, order time, order remarks, etc., to meet the constraints. After all the information is filled in correctly, it will prompt the increase and return the order number, showing lump sum. Including the number of orders and shipping costs.
(2) Order update: The system automatically updates the information in the order table according to the order table, such as order table number, order quantity, order total, etc.
(3) Order modification: modify the departure place, cargo name, cargo weight, destination, order remarks and other information as needed.
(4) Order query: Customers or third-party logistics companies can query the order according to the order number, origin, destination, order amount, transportation cost, and cargo weight. 
1.4 Customer Evaluation Management
(1) Customer satisfaction evaluation: The customer makes a star rating on the overall situation of the logistics and transportation, including the evaluation number and the overall evaluation.
(2) Evaluation of specific service items: The customer evaluates the sub-items of this logistics and transportation situation. Including service quality evaluation, transportation route evaluation, transportation vehicle evaluation, transportation time evaluation, transportation cost evaluation.
(3) Feedback information query: query the overall evaluation and the rating level of various services according to different conditions. You can query by evaluation number, query by customer name, query by route number, query by transportation cost, query by vehicle evaluation, query by cost evaluation, and query by time spent. 
1.5 Route basic information management
(1) Route information increase: Add basic route information after counting order destinations, including fields such as number, departure place, destination, and estimated time.
(2) Route information deletion: delete some invalid routes according to the refund situation or weather conditions.
(3) Route information optimization: According to the selection of repeated routes, route integration is performed, and the shortest and least required route is obtained.
(4) Route information modification: modify the route information according to the change order status or weather conditions. Including the modification of the starting point of the route, the modification of the route destination and the modification of the route transportation means.
Business analysis
(1) The customer is uniquely identified by the customer number and needs to store the customer's company name, login password, company address, registration time, legal person name, contact name and other information.
(2) Customers can only query their own basic information.
(3) Supplier customers need to log in and ship the goods within 48 hours.
(4) 48 hours after the requester customer submits the transportation application, it cannot be modified.
(5) The transportation application for the same destination can be combined into a single order if the demander customer submits within 48 hours.
(6) The customer of the demander can cancel the transportation application within 48 hours, and request to delete the order after logging in.
(7) A customer can only have one legal person.
(8) When the supplier customer and the demander customer confirm the order at the same time, it will be shipped and shipped. If one party fails to confirm 48 hours after the application is submitted, the order will be cancelled.
(9) When the number of orders on the same destination or included routes that have not been shipped is less than 10, the shipment will be shipped 24 hours after the earliest order submission is confirmed.
(10) After the two parties confirm the order, in principle, it is not allowed to cancel the order. If there is a real force majeure and the order must be cancelled, the responsible party shall pay 10% of the order amount as a liquidated damage. If the number of canceled orders is too large and the situation mentioned above occurs, the responsible party shall pay another 5% of the order amount as compensation for the delayed shipping of the remaining order company.
(11) Our company can start transportation only after the delivery of third-party logistics transportation costs.
(12) Each transportation vehicle has more than 3 accidents in the accident situation and stop transportation work this month.
(13) The shipping cost in the order must be greater than 0.
(14) The highest level of service evaluation is 5, and the lowest is 1, and there is only one evaluation opportunity for a transport order number.
(15) In the customer satisfaction evaluation, the supplier customer and the demander customer can evaluate each order separately and only once.
(16) The total load capacity of each vehicle cannot exceed the maximum load capacity of the vehicle.
(17) The place of departure and destination in the order must be the same as the place of departure and destination in the route.

Define entity sets and attributes
(1) Customer entity set Ecomp: customer number (EcompNo), customer name (EcompName), customer phone number (ETelephone), registration date (RegDate), login password (SSerCode), address (Address), legal person name (LPName), contact Person's name (ConName).
(2) Route entity set Route: Route number (RouNo), origin (Start), destination (Distination), distance (Length), estimated time (PriTime) and other information.
(3) Vehicle entity set Car: vehicle number (CarNo), license plate number (CarLisen), registration time (CarTime) service intention (SerTend), accident status (Accidents), transportation unit price (TranFee), maximum load (MaxWgt), vehicle Type (CarType).
2.2 Define contact set and attributes
(1) Order Order: Order number (OrderNo), order quantity (OrderNum), order total (OrderSum), origin (Start), destination (destination), cargo name (GName), cargo weight (GWgt), transportation cost (OrderFee), distance (Length), order remarks (OrderScript), order time (Ordertime).
(2) Customer evaluation CommLevel: evaluation number (CommNo), overall evaluation (SerLevel), vehicle evaluation (CarLevel), route evaluation (RouLevel), service quality evaluation (SvLevel), transportation time evaluation (TTLevel), cost evaluation (FeeLevel) .

Constraint analysis
(1) Customer number restriction: start with the letter E plus 8 digits, and increase by the serial number. The check constraint is check(EcompNo like'[E][0-9] [0-9] [0-9] [0-9] [0-9] [0-9] [0-9] [0-9 ]').
(2) Route number restriction: start with the letter R and add 8 digits, and increase by the serial number. The check constraint is check(RouNo like'[R][0-9] [0-9] [0-9] [0-9] [0-9] [0-9] [0-9] [0-9 ]').
(3) Vehicle number restriction: start with the letter C and add 8 digits. Increase at one time according to the serial number. The check constraint is check(CarNo like'[B][0-9] [0-9] [0-9] [0-9] [0-9] [0-9] [0-9] [0-9 ]').
(4) Order number restriction: start with the letter O and add 8 digits. Increase at one time according to the serial number. The check constraint is check(OrderNo like'[O][0-9] [0-9] [0-9] [0-9] [0-9] [0-9] [0-9] [0-9 ]')
(5) The primary key of the customer information table is EcompNo, and each number is unique.
(6) All customer information is not allowed to be empty.
(7) The primary key of the vehicle information table is CarNo, and each vehicle number is unique.
(8) The primary key of the route information table is RouNo, and each route number is unique.
(9) All information in the route information table is not allowed to be empty.
(10) The primary key of the order table is OrderNo, and each order number is unique.
(11) The transportation unit price in the order form is X yuan/kg•km, and the specific situation depends on the type of goods.
(12) All passwords (SSerCode) cannot be empty and consist of 6-12 letters and numbers.
(13) The registration date (regDate) cannot be a null value, and the data type is datetime.
(14) Contact phone (Telephone) cannot be a null value, the value range is 00000000000-99
999999999, fixed telephone plus area code input.
(15) Once an order is generated, it cannot be deleted.
(16) The name of the contact person (EcompName) cannot be empty and must not exceed 20 characters.
(17) The maximum load (MaxWgt) cannot be a null value, and the data is int.
(18) The license plate number (CarNoo) cannot be a null value, fill it in truthfully.
(19) CarType (CarType) cannot be a null value, no more than 5 characters, and use words to explain.
(20) Accidents cannot be null, and the data type is int.
(21) The card time (CarTime) cannot be a null value, and the data type is int.
(22) The overall evaluation (SerLevel) cannot be a null value, int within the range of 0-100.
(23) TranTime data type is int, unit: hour.
(24) The transportation unit price (TranFee) cannot be a null value, and the data type is int.
(25) The starting place (Start) cannot be a null value, no more than 20 characters, and it is explained in words. By default, only the city name can be used.
(26) The destination (destination) cannot be a null value, no more than 20 characters, and it is explained in words. By default, only the city name can be used.



Data item and data structure 
(1)The customer table is shown in Table 1.1.
	data item
	type of data
	Is it empty
	constraint
	Value meaning

	EcompNo
	char(9)
	Not null
	E00000001-E99999999  Primary key
	The last 8 digits are automatically numbered by the system in order

	EcompName
	char(6)
	Not null
	
	Fill in the truth

	RegDate
	char(8)
	Not null
	In days
	

	SSerCode
	Char(6)
	Not null
	6 digits for letters or numbers 
	

	Address
	Char(30)
	Not null
	
	

	Telephone
	varchar(11)
	Not null
	
	

	LPName
	varchar(6)
	Not null
	No more  3 words
	

	ETelephone
	varchar(11)
	Not null
	
	

	ConName
	Char(6)
	Notnull
	
	


(2)The vehicle table is shown in Table 1.2.
	data item
	type of data
	Is it empty
	constraint
	Value meaning

	CarNo
	char(9)
	Not null
	C00000001-C99999999  Primary key
	C represents the vehicle, and the last 8 digits are numbered in sequence

	CarLisen 
	Char(6)
	Not null
	
	Fill in the truth

	CarTime
	Datetime
	Not null
	6-12 digits, composed of letters and numbers
	

	SerTend 
	varchar(20)
	Null
	No more than 20 words
	Explain in words

	Accidents
	varchar(20)
	Not null
	No more than 20 words
	Explain in words

	TranFee
	varchar(20)
	Not null
	No more than 40 words
	Explain in words

	MaxWgt
	Int
	Not null
	
	

	CarType
	dvarchar(20)
	Not null
	No more than 5 words
	Explain in words


(3)The order form is shown in Table 1.3.
	data item
	type of data
	Is it empty
	constraint
	Value meaning

	OrderNo
	char(9)
	Not null
	D00000001-D99999999   Primary key
	D stands for the detailed list, the last 8 digits are numbered in sequence

	OrderNum
	char(9)
	Not null
	
	

	OrderSum
	char(9)
	Null
	
	

	Start
	varchar(40)
	Not null
	No more than 20 words
	Explain in words

	destination
	varchar(40)
	Not null
	No more than 20 words
	Explain in words

	GName
	varchar(20)
	Not null
	No more than 20 words 
	Explain in words

	GWgt
	char(10)
	Not null
	
	

	Length
	char(10)
	Not null
	Foreign key
	

	OrderFee
	char(9)
	Null
	No more than 40 words 
	

	OrderScript
	Varchar(20)
	Null
	No more than 40 words 
	Explain in words

	Ordertime
	Datetime
	Not null
	
	Explain in words


 (4)The route table is shown in Table 1.4.
	data item
	type of data
	Is it empty
	constraint
	Value meaning

	RouNo
	char(9)
	Not null
	R00000001-R99999999   Primary key
	R stands for order, the last 8 digits are numbered in sequence

	Start
	varchar(20)
	Not null
	No more than 20 words 
	Explain in words

	Distination
	varchar(20)
	Not null
	No more than 20 words 
	Explain in words

	Length
	char(10)
	Not null
	
	

	PriTime
	char(10)
	Not null
	
	


 (5)The customer evaluation form is shown in Table 1.5.
	data item
	type of data
	Is it empty
	constraint
	Value meaning

	CommLevel
	char(9)
	Not null
	P00000001-P99999999   Primary key
	P stands for evaluation, and the last 8 digits are numbered in sequence

	SerLevel
	char(10)
	Not null
	
	

	CarLevel
	char(10)
	Not null
	
	

	SvLevel
	char(10)
	Not null
	
	

	TTLevel
	char(10)
	Not null
	
	

	RouLevel
	char(10)
	Not null
	
	

	FeeLevel
	char(10)
	Not null
	
	












The E-R model of the order connection set is shown in Figure 2.4.
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The overall ER diagram of the system is shown in Figure 2.5.                                              Order
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Functional dependency
(1) Client entity set Ecomp:
Ecomp(EcompNo, EcompName, ETelephone, regDate, SSerCode, Address, LPName, Telephone, ConName) ∈ 3NF
(2) Vehicle entity set Car:
Car(CarNo, CarLisen, CarTime, SerTend, Accidents, TranFee, MaxWgt, CarType) ∈ 3NF
(3) Route entity set Route:
Route(RouNo, Start, Destination, Length, PriTime) ∈3NF
(4) Order contact set Order:
Order(OrderNo, OrderNum, OrderSum, Start, GName, GWgt, Length, Destination, OrderFee, OrderScript) ∈ 2NF
(5) Customer evaluation CommLevel:
CommLevel(CommNo, SerLevel, CarLevel, RouLevel, SvLevel, TTLevel, FeeLevel) ∈3NF 

Based on the logical design, the storage method of the relational model and the access structure of the database are physically optimized.
Relational mode storage mode selection
In order to improve the access speed of database data, it is necessary to set a suitable access method, mainly using the following two access methods.
4.1.1 Index access method, mainly using B+ tree index method
(1) The amount of data in the Ecomp table is relatively large. The attribute columns such as EcompName and ETelephone, the star and Destination attribute columns of the Route table, and the carType and other attributes of the Car table often appear in the query conditions, so in the above table, Create indexes on these columns.
(2) In the OrderNum, OrderSum, CommLevel tables, often query the attribute columns such as the vehicle evaluation (CarLevel), route evaluation, service quality evaluation (SvLevel), and time-consuming evaluation (TTLevel) in the Order table, so index in these tables.
4.1.2 Cluster access method
Except for specially designated tables, the primary keys of other tables are defaulted to establish a clustered index.
4.2 Access structure of the database
In order to improve the overall performance of the system, the data in the database is organized into multiple files and stored separately.
4.2.1 Data storage location
The data in the database is organized into a master file for storage. The data in each table is analyzed below.
(1) The data is relatively stable and the amount of data is large. Table storage groups are often used for query. The table that meets this condition is:
     Customer table Ecomp, vehicle table Car.
(2) Tables with large data change possibility, large number, and many queries, the tables that meet this condition are:
     Order table Order, routing table Route, customer evaluation table CommLevel. 



















SQL vs. NoSQL
Relational databases represent all data through the binary representation of rows and columns. Its advantages: Maintain data consistency (transaction processing)
Due to the premise of standardization, the overhead of data update is very small (there is basically only one place for the same field). Complex queries such as Join can be performed.
Being able to maintain data consistency is the biggest advantage of relational databases. The performance of relational databases is very high, but after all, it is a general-purpose database and cannot fully adapt to all purposes. Specifically, it is not good at the following processing:
Write processing of large amounts of data.

Make index or table structure (schema) changes for tables with data updates

Applied when the field is not fixed

Processing of simple queries that need to return results quickly

Writing processing of large amounts of data:

[bookmark: _GoBack] In terms of data reading, the master-slave mode created by replication (data writing is handled by the master database, and data reading is handled by the slave database) can be scaled up relatively simply by adding slave databases. However, there is no simple way to solve the problem of scale in data writing. For example, if you want to scale up data writing, you can consider increasing the primary database from one set to two, and use it as a binary primary database that is replicated with each other. Indeed, it seems that this can reduce the load of each main database by half, but the update process will cause conflicts (the same data is updated to other values ​​on the two servers at the same time), which may cause data inconsistencies. In order to avoid such problems, it is necessary to assign each table request to the appropriate main database for processing, which is not so simple.

 In addition, you can also consider splitting the database and putting them on different database servers. For example, put this table on this database server and that table on that database server. Database splitting can reduce the data on each database server. In order to reduce the hard disk I/O processing and achieve high-speed processing on the memory, the effect is very significant. However, since JOIN processing cannot be performed between tables stored on different servers, these issues need to be considered in advance when the database is partitioned. After the database is split, if JOIN processing must be performed, it must be associated in the program, which is very difficult. 

NoSQL database originally does not support JOIN processing, each data is designed independently, it is easy to distribute the data to multiple servers. Because the data is distributed to multiple servers, the amount of data on each server is reduced, and even if a large amount of data is to be written, it is easier to process. In the same way, the data reading operation is of course equally easy. So its advantage is that it is easy to disperse data.

 Improving the ability to process big data can improve performance (vertical) and increase scale (horizontal) in two ways. Performance improvement refers to improving processing capabilities by improving the performance of the current server itself. This requires a higher cost. Increasing the scale refers to the use of multiple inexpensive servers to increase processing power. It needs to make changes to the program, but because of the use of cheap servers, costs can be controlled. In addition, just increase the number of servers in the future.
Typical NoSQL database

 Temporary key-value storage (memcached, Redis), permanent key-value storage (ROMA, Redis), document-oriented database (MongoDB, CouchDB), column-oriented database (Cassandra, HBase)
Key-value store

 This is the most common SQL database, and its data is stored in the form of key values. Although its processing speed is very fast, it can basically only obtain data through a completely consistent query of the key. According to the data storage method, it can be divided into three types: temporary, permanent and both.

 Temporary: memcahced saves all data in the memory, so the saving and reading speed is very fast.

 Permanence: Save data on the hard disk. Compared with memcached processing data in memory, there is still a gap in performance due to the inevitable occurrence of IO operations on the hard disk.

 Both: Redis is of this type. Redis first saves the data in the memory, and writes the data to the hard disk when certain conditions are met (the default is more than once in 15 minutes, more than 10 in 5 minutes, and more than 10,000 keys in 1 minute). It not only ensures the processing speed of the data in the memory, but also ensures the permanence of the data by writing to the hard disk. This type of database is particularly suitable for processing array type data. In summary:

     Save data in memory and hard disk at the same time

     Can carry out very fast save and read processing

     The data saved on the hard disk will not disappear (can be restored)

     Suitable for processing array type data
