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Abstract 

Based on the in-depth study of the existing database synchronization model, in order to improve the cross platform 

ability of the system and facilitate the construction of small and medium-sized enterprise information platform, 

this paper proposes a heterogeneous distributed computing scheme based on Web service. The scheme uses JMS 

to realize the message transmission between systems, and uses web service technology to realize cross platform 

data reading and writing. In the aspect of distributed transaction processing, the two-phase commit protocol is 

improved to reduce the probability of system deadlock and effectively ensure the consistency of distributed 

database data. In order to improve the performance of distributed database system, cache technology is 

introduced, and the way of integrating cache and database transaction processing is proposed, which effectively 

ensures the validity of cache data. The architecture is oriented to program developers, who can develop efficient 

and convenient distributed database system on the basis of this architecture. Finally, this architecture is applied 

to the background management system of mobile express service. The running results show that the architecture 

can well meet the business requirements of distributed heterogeneous database system synchronization. 
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I. Introduction 

At present, most application systems are isolated, and it is difficult to exchange and share information between 

systems, and it is difficult to ensure the consistency of data [1]. How to realize resource sharing and seamless 

integration of applications across platforms, languages and hardware are the problems to be solved. To solve the 

problem of system interoperability in this distributed and heterogeneous environment, the traditional solution uses 

distributed object technology [2]. At present, the most commonly used distributed object technologies include: 

Sun Java RMI (remote method invocation), OMG CORBA (Common Object Request Broker Architecture), 

Microsoft DCOM (Distributed Component Object Model). 

All of these distributed object technologies have their own private formats and are highly efficient. However, this 

tightly coupled architecture limits the reusability and flexibility of services [3-4]. 

(1) Tight coupling: the client and server must be tightly coupled, that is, the same basic structure is required. 

Therefore, once the interface or execution mode of the server changes, the client will not be able to run, resulting 

in the collapse of the system. 

(2) System integration: each distributed technology defines its own data format and transmission protocol, which 

requires the client and server to load appropriate middleware on their respective machines. This method ensures 

the consistency of sharing the same middleware between programs, but it hinders the interoperability between 

programs using different middleware, making it difficult to realize system integration. 

(3) Local computing: there are limitations of "local computing". Due to the lack of existing protocols, there are 

some deficiencies in the communication between client and server. Most organizations join a firewall between the 

Internet and their local area network. Distributed object protocols such as DCOM and CORBA use the method of 

dynamic port allocation, which makes it difficult for all communication based on this protocol to pass through the 

firewall. In short, the traditional distributed object technology does not use the existing protocol, but defines a set 
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of data format and transmission protocol, which makes the information sharing and integration between 

enterprises more difficult. 

Therefore, a new form of distributed technology arises at the historic moment, namely the so-called web services. 

Through it, we can build a general platform independent and language independent technology layer on the basis 

of various existing heterogeneous platforms [5-7]. Applications on different platforms rely on this technology 

layer to realize mutual connection and integration. Users don't care what operating system platform developers 

use, nor what language developers use. They only care about what kind of services developers can provide. They 

only need to get the services they need anytime, anywhere. This loose coupling characteristic of Web services is 

the biggest advantage of Web services compared with traditional distributed computing environment, and it is 

also the basic condition for web services to be used in heterogeneous and complex Internet environment. 

Therefore, the use of Web services will bring great changes to the heterogeneous distributed computing 

technology. 

II. Web services architecture 

Web services use SOA (Service Oriented Architecture) architecture. The architecture consists of three roles and 

three basic operations. The three roles are service provider, service requester and service agent, and the three basic 

operations are publishing, searching and binding. The service provider publishes its services to a directory of the 

service broker. When the service requester needs to call the service, it first searches the directory provided by the 

service agent to get the information of the service, and then calls the service published by the service provider 

according to the information. In Web Services Architecture, WSDL is used to describe services, UDDI is used to 

publish and search services, and soap is used to perform service calls. The relationship between them is shown in 

Figure 1. 

 

Fig 1: Web service model 

The roles in the web services architecture include [8-10]: 

(1) Service providers are responsible for using WSDL to describe and define the functionality of applications that 

can be accessed programmatically. Publish service information in UDDI Business Registry (service agent) so that 

it can be accessed by other applications. 

(2) The service requester is responsible for finding the required service through one or more service agents, 

downloading the WSDL document defining the service, binding and invoking the service provided by the service 

provider according to the service definition, and executing these services through the service provider. 

(3) The service broker is responsible for publicizing the service published by the service provider and allowing 

the service requester to query the service definition published in the service broker. The service agent acts as the 

matchmaker between the service provider and the service requester, which is the same as the yellow page of the 

phone book. When the service requester finds the required service in the service proxy, the next interaction work 

only needs to be carried out between the service provider and the service requester, and the service proxy will exit 
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the service access and call workflow. 

The operations in the web services architecture include: 

(1) Publishing: the interaction between service providers and service agents. When the service provider publishes 

the service in the service agency, it will naturally promote the registered service in the whole web community. 

The details of publishing API depend on the implementation process of service broker. 

(2) Lookup: the interaction between the service requester and the service agent. The service requester describes 

the search criteria such as service type and quality of service, and the service broker finds the matching service 

from the published service. The function and quality of the search are determined by the implementation scheme 

of the service broker. 

(3) Binding: the interaction between service requester and service provider determines the runtime relationship 

between them. The operation function can be static or dynamic. When you use the static model, you need to write 

a client application for the service requester. When using the dynamic model, the server generates the client agent 

based on the service definition at runtime to call the service. 

The web services life cycle is shown in Figure 2. The web service provided by the service provider is published 

to the UDDI registry, the WSDL definition is created in the service provider, and the link of the definition is 

published. The web service finds the required service for the service requester, and obtains information about 

calling the web service from the published WSDL definition. This includes downloading the WSDL definition to 

the service requester and deserializing the WSDL into Java classes or other languages. The service requester is 

bound to the web service at runtime. The application of the service requester uses the java interface represented 

by WSDL as a proxy to bind to the web service. The service requester invokes the web service according to the 

service invocation information extracted from the WSDL definition of the web service. 

 

Fig 2: The web services life cycle 

III. Distributed computing model based on web service 

Enterprise services may run on different platforms and be implemented in different languages. However, no matter 

what kind of services are, they do not want to be exposed directly for the sake of business. Usually, they only 

want to expose some of the methods. Web service proxy pattern is a kind of exposing one or more services that 

can be accessed through XML and web protocol, and forwarding the service requests to the real service 

components. The granularity of web service reflects the encapsulation scale of web service to business logic. Web 

service proxy is a coarse-grained service component exposed in the form of web service. Web service proxy is 

mainly the design of service operations. After the operations are designed, the parameters and return values of 

these operations should be defined, and the possible errors or exceptions should be considered. Web service proxy 

hides the details of calling web service. Jax-rpc packages web service calls into a proxy class, which exposes an 

interface to hide the details of web service calls from clients. Figure 3 illustrates the structure of this pattern. 

Among them, endpoint processor is the first entry for the client to contact the web service, which is responsible 

for receiving and processing soap requests based on HTTP. It is built into the jax-rpc runtime environment and is 
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completely transparent to developers. It is also a servlet based on jax-rpc terminal, which is responsible for 

processing external requests and forwarding them to web service broker. Web service broker is based on a WSDL 

file and acts as a proxy for one or more services. Figure 4 illustrates the interaction of the Web service proxy 

mode. First, Client sends a request to EndpointProcessor, EndpointProcessor extracts the request information, and 

then calls WebServiceBroker. Then WebService broker calls specific business services to complete business 

operations. 

 

Fig 3: Web service proxy class diagram 

 

 

Fig 4: Web service proxy interaction diagram 

There are more customers in Web services than in general client server architecture. Therefore, we must pay 

attention to its performance problems. There are two cases that will lead to performance degradation: client 

applications often access the same information of server, and the implementation method is to call web services 

every time. A large number of client applications access the same data of server by browsing at the same time. 

But the actual cost of web service call includes: network delay, server CPU operation time and database server 

SQL operation delay. If we consider these factors, the efficiency of web service invocation is even more 

unacceptable. 

Web services can achieve the maximum performance by using data cache correctly. When the request information 

of the service is mainly read-only, or when the request information changes more slowly than the required rate, it 

is a better choice to use caching in Web services. The purpose of using caching technology is to reduce the number 

of web service calls as much as possible. The solution of this paper is to cache the data with high access frequency 

in soap client. 

(1) Buffer management mode: for web services supporting HTTP, soap clients can cache processing results for 

future requests to save response time of Web services. In fact, caching technology is suitable for read-only 

services, which perform queries on the database or provide access to relatively static content, such as patient 
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history diagnosis information, drug information, historical financial data, etc. For the cache content, we can design 

a cache with large storage capacity, which can save the most used data items and clear the oldest and least used 

data items. Figure 5 illustrates the logical process of soap caching through a use case diagram, which describes 

four use cases around managing a soap cache. 

Soap client first accesses soap cache before an RPC call to remote business service. Soap cache can be 

implemented with hash table in the physical memory of soap client for quick access. If the cache data entry is 

available and the cache data entry has not expired, the soap client will get the business service information from 

the soap cache. It is fast to get the cache data from the physical memory of soap client without routing the service 

request to the remote server, which will greatly save CPU and network resources. If the data entry has expired or 

there is no cache data needed by the client, the soap client generates a soap request in the form of an XML 

document and sends it to the soap server. Then, the soap server initiates an RPC call to the business service 

application. After the corresponding processing, the confirmation or query details are returned to the soap client, 

and the cache events and business transactions are logged for tracking and management. 

Soap cache intercepts a soap request and checks whether the data entry is cached before getting the cached data 

or calling the soap server. This has a certain risk, that is, if the content of the application is updated or changed, 

how to ensure the integrity and synchronization of the data. At this time, the synchronization of data is very 

important, otherwise it will get old data. Here's how to keep the data in sync. 

(2) Data synchronization: in this paper, the listener mode is used to achieve data synchronization to ensure the 

integrity and synchronization of data: when the client starts to run, the thread blocking mechanism is used to 

register a data change listener in the server to listen to all data update events. When any client updates the data, 

the monitoring thread of the client returns, and a soap call ends. At the same time, it triggers the data change event 

on the server side, so as to actively activate all blocked client monitoring threads, and trigger all clients to update 

the local buffer, and then each client registers a new data change monitoring thread on the server side, and so on. 

In this way, only when the data is updated, the soap call will be sent. Generally, reading the data is actually reading 

the data in the buffer, instead of expensive web service call. The purpose is to reduce the number of sending soap 

requests to the minimum, so as to improve the speed. This method also has a certain cost. It requires that each 

client must set up a thread to wait for receiving the notification, while on the server, there is a thread blocking for 

each registered client connection to wait for the notification. 

 

Fig 5: SOAP cache 

IV. Overall design and implementation 

From the perspective of Web services, the business functions of DC are encapsulated as web services and 

published on Apache soap server. The web service on soap server mainly deals with business logic, and the 
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connection with underlying database is completed through JDBC. From the perspective of client, the system is 

divided into three layers: presentation layer, business layer and database layer. This is in line with the web service 

architecture, but also in line with the idea of three-tier architecture, with web services as the middle layer, which 

provides a unified business logic and realizes the separation of business and database storage. 

Figure 6 shows the JAX-RPC-based web services application architecture. In order to call a remote business 

service, the client needs a "stub" to enable the client to communicate with the remote application service through 

the remote "skeleton". His system calls web services through soap over HTTP. The client application uses remote 

procedure call to call the method on the remote service. The client sends the request message to the server using 

XML based message protocol. The API provided by JAX-RPC can be used to realize data type mapping between 

Java and XML. That is, when the client calls JAX-RPC, its XML parameters will be mapped to Java objects. 

Similarly, when it returns, Java objects will be mapped to XML elements as return values. The specific process 

steps are as follows: 

(1) Client application calls local stub: object; 

(2) Stub object calls program through JAX-RPC system; 

(3) The runtime environment serializes Java objects into a SOAP message, and then sends the message to the web 

service endpoint through HTTP protocol; 

(4) When the web service receives the soap request, the JAX-RPC runtime environment on the server side 

deserializes the SOAP message into Java classes; 

(5) Call the method in the skeleton object; 

(6) Skeleton calls the method to realize the specific service; 

(7) After processing, the system converts the result of calling method into SOAP message response to customer; 

(8) The client receives the SOAP message from the response, analyzes it and gets the result of the method call. 

The design of the JAX-RPC service is independent of the type of client the application will access. 

 

Fig 5: Simulation result showing energy efficiency of handover algorithm 
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V. Conclusion 

This paper studies the application of Web services based on JAX-RPC from the perspective of practical projects. 

Firstly, the development tools and environment are introduced. Secondly, the system requirements are analyzed. 

Finally, JDK, Tomcat, axis and other tools are used to complete the construction and deployment of Web services 

based on JAX-RPC. This paper uses two design patterns to optimize the system. Axis is used as the runtime 

environment of Web services based on JAX-RPC. Using Tomcat server and IE browser to complete the 

construction and deployment of Web services based on JAX-RPC. 
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