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Abstract 

As the preferred database for key business in Colleges and universities, Oracle database 
has great significance in the process of building a smart campus. Based on the choice of 
Oracle architecture type, this paper compares and analyzes the implementation 
technologies of Oracle cluster architecture, such as FC SAN, virtualization, all-in-one PC 
and distributed storage. This paper puts forward the argument that Oracle database 
architecture will develop to distributed technology in the future. The evidence of this 
view comes from the construction practice of several database architectures in 
Southwest Petroleum University. The case shows that the distributed technology 
realizes the application effect of high performance, high availability and horizontal 
expansion of database architecture. 
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1. Introduction 

With the rapid development of computer technology, human beings have entered the data age, 
and informatization has been deeply integrated into people's daily life. Because data is the basis 
of information construction, its importance is becoming more and more prominent. Oracle 
database is the first choice for enterprises as an important application database because of its 
stability, high availability,[1] high efficiency and high scalability. The same is true for colleges 
and universities. With the development of technology and the continuous growth of application 
requirements, the architecture of Oracle database has evolved from physical machine, FC SAN 
cluster and virtualization cluster to all-in-one PC and distributed hardware cluster. By 
investigating the database construction of some universities, it can be found that the current 
database architecture presents the following characteristics, as shown in Table 1. 

The database architecture is mixed. With the construction of information application in colleges 
and universities, the database of small applications generally directly selects an independent 
physical machine for support. For example, the system used to welcome the departure of 
freshmen and graduates, the application for meetings, the management of state-owned assets, 
the management of equipment and so on. For high concurrency or large-scale applications such 
as educational administration system, campus card system, [3] data exchange platform, [2] 
people usually use multiple independent clusters for support. Therefore, database architecture 
presents a wide variety of characteristics. 

Mainly supported by virtualization. With the in-depth application of virtualization technology 
in the data center, most colleges and universities choose to apply Oracle database to the 
integrated resource architecture with high resource concentration and high delivery efficiency. 
And they expect to achieve effective integration and flexible expansion in network, computing 
and storage resources. 
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Unified database architecture has become a trend. Because a few universities are in the 
transition stage to smart campus. They began to build a unified and independent Oracle 
database to support the architecture. Two typical representatives are ODA all-in-one PC 
architecture and distributed storage based fusion architecture. At the same time, they provide 
more stable, highly available and efficient database services to applications with the multi 
tenant feature of Oracle 12C. 

Table 1 Comparison of advantages and disadvantages of various Oracle database 
architectures 

 advantages disadvantages 

Stand alone 
High stability; Small investment; 

Simple deployment; Simple 
maintenance 

Hidden dangers of single node; Poor 
reliability; Not easy to expand 

FC SAN cluster High reliability; High availability 
Large investment; Not easy to 

expand; Inconvenient maintenance; 
Maintenance is difficult 

Virtualization 
cluster 

High reliability; High 
availability; High scalability 

Large initial investment; Poor 
reliability; Maintenance is difficult 

All in one cluster 
High performance; High 
availability; Local high 

scalability 

Huge investment; Poor resource 
scalability across all-in-one PC; 

Maintenance is difficult 

Distributed 
cluster 

High reliability; High 
availability; High scalability 

Large initial investment; 
Maintenance is difficult 

 

At present, the Oracle architecture of colleges and universities mainly has the following 
problems. 

Lack of planning. Over the years, the information construction of colleges and universities has 
always been characterized by the construction of infrastructure. Its performance is application 
driven database and so on. From a macro perspective, Oracle database architecture lacks top-
level design and overall coordination. It isn’t only causing a waste of resource allocation, but 
also increases the investment of database authorization. 

High safety risk. The complexity and diversity of Oracle database architecture in Colleges and 
universities make the database have more security risks. And it is easier to cause the omission 
of security measures, which increases the security risk of database management. 

The workload increases and the management becomes more difficult. The increasing number 
and diversity of architectures increase the workload and the complexity of database 
management. 

The extensibility of the architecture is insufficient. The defects in architecture restrict the 
flexible expansion of resources. This phenomenon is mainly reflected in that the database 
storage performance is limited by the performance of single server, storage and optical fiber 
switching equipment. It makes the investment of expansion higher. 

2. The key technologies of Oracle database architecture 

As an excellent enterprise database software, Oracle has gone through several versions of 
Oracle 10g, Oracle 11g and Oracle 12C. It provides a complete set of database architecture 
solutions for enterprise applications, including database cluster architecture RAC, EXDATA, 
ODA, etc. The following describes the key technologies related to database architecture. 
(1) RAC 
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RAC (Real APPLICATION CLUSTER)[4] is a cluster architecture solution provided by Oracle for 
medium and large enterprise applications. It is widely used in enterprise OLTP and OLAP 
application scenarios. The essential principle of Rac architecture is to provide highly available, 
high-performance and efficient database services through shared and load balanced computing 
resources, high-speed network resources and high IO shared storage resources. In the RAC 
architecture, the physical server is called a node. A RAC architecture usually consists of multiple 
nodes. Node computing resources are provided by the CPU and memory of the physical server. 
Based on cash fusion technology, RAC uses high-speed private network to provide guarantee 
mechanism for data transmission and cluster control between nodes. Oracle uses ASM 
technology to directly take over storage services. It can provide rich and flexible volume 
management and file system management functions. ASM uses rebalance technology to reduce 
disk hotspot issues. At the same time, it provides Oracle instances with IO access performance 
similar to raw devices. In terms of data security, ASM can use multi copy data block redundancy 
technology to provide solutions for some problems such as high redundancy and high 
availability. 

EXADATA 

EXADATA is a software and hardware integrated database delivery environment created by 
Oracle based on large enterprise business scenarios. It can build an ultra-high speed network 
environment with low delay and high bandwidth with infinband as nodes and storage resources. 
Compared with the traditional architecture, EXADATA can use Smart San technology to reduce 
the low-speed IO access of Oracle database to disk, and try to complete the data access in the 
high-speed instance cache. Therefore, the performance of the database has been 
comprehensively improved. 

ODA 

ODA is a set of integrated solutions based on EXADATA concept, and its main service objects 
are small and medium-sized applications. ODA is more affordable than EXADATA. And they are 
basically consistent in terms of stability, availability and delivery convenience. The difference 
between them lies in the performance of nodes and the optimization of hardware scheduling. 
At the same time, ODA has also made some adjustments to meet the needs of the medium and 
low-end market for databases. 

Distributed cluster architecture. 

The architecture also adopts infiband high-speed network to solve the data block transmission 
and cluster control between nodes. Different from Oracle, EXADATA and ODA, it completely 
opens up the storage sharing between x86 server nodes in the storage layer. At the same time, 
it also provides ASM with high-performance and highly scalable shared disk resource pool in a 
distributed manner. However, EXADATA and ODA cannot break through the shared storage 
resources across all-in-one PC formed by themselves. 

3. Exploration and practice of Oracle database architecture 

The Oracle database architecture of the data center of Southwest Petroleum University has 
experienced the process from stand-alone to RAC cluster based on FC SAN, and then from 
virtualized RAC cluster to distributed RAC cluster. Taking the construction practice of Oracle 
database architecture of Southwest Petroleum University as an example, the author compares 
the advantages and disadvantages of various technical architectures in detail. 
(1) Phase of database consolidation 

From 2009 to 2013, the information construction of colleges and universities entered the stage 
of digital campus. At this stage, the construction of database architecture is mainly driven by 
the needs of business system. At the same time, all kinds of applications need to build an 
independent database. Oracle database architecture presents a state of unplanned and 
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disorderly management. The application systems represented by educational administration 
system, campus card system and digital campus public application have established a set of 
independent Oracle database architecture. After 2013, the application of digital campus has 
gradually deepened. This makes the business system begin to be built on a large scale, and leads 
to a significant increase in the demand for database resources. In order to meet the 
requirements of resource scheduling and Oracle Software authorization, the data center makes 
the database architecture transition to a unified planning and centralized hosting mode. 

As shown in Figure 1, the database cluster at this stage adopts the FC SAN architecture popular 
at that time. [5] It uses the RedHat 5.5 operating system installed on two Sugon 950r servers as 
the database computing resources, and provides shared storage with the 1000 rpm disk 
equipped with Fujitsu DX400. The cluster software uses Oracle 11gR1 version. In order to 
provide database services to four applications, two databases are also designed and planned. 
When using the database, the application adopts the way of multi-user sharing instances. 

 
Figure 1  RAC architecture based on traditional FC SAN 

Performance improvement stage of database cluster 

From 2014 to 2020, the second phase of digital campus construction began. The data sharing 
center for the purpose of data governance has become the focus of information construction. At 
this time, various business applications in colleges and universities show a blowout growth. 
There are nearly 10 business systems using Oracle database. Because the traditional FC SAN 
architecture faces the problems of aging equipment, difficult expansion and many failure points, 
it is no longer applicable. At that time, virtualization technology was widely used in university 
data centers. Some colleges and universities began to try to use virtualization or hyper fusion 
architecture as the choice to support Oracle database. Southwest Petroleum University has built 
a new Oracle RAC cluster using super fusion technology. 

The cluster uses two Nutainx 3000 series nodes as computing nodes. Each node is configured 
with 250G memory. Using storage IO tiering technology, a single node can provide IO 
performance of more than 30000 IOPS. The storage function is realized by the virtualized multi 
replica and highly integrated shared storage provided by Nutainx's NDFS. At the same time, 
Vmware vsphere 5.5 virtualization platform is selected to provide encapsulated computing and 
storage resources to Oracle RAC. Vmware virtual machine adopts CentOS 6.5 as the operating 
system. As the database cluster software, Oracle 11gR2 has planned and designed three 
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instances, and provides centralized and unified database services to nearly 10 business systems 
by means of multi-user sharing instances. As shown in Figure 2. 

 
Figure 2  RAC cluster architecture based on Virtualization 

 

 
Figure 3  RAC cluster architecture based on Distributed 

 

Phase of database cluster pool 

In the super integration stage, 10 Gigabit network resources provide network services for 
internal and external in a shared way. The network is not exclusive to the database cluster. This 
architecture is easy to interfere with the heartbeat network of Rac cluster, and then affect the 
stability of the whole cluster. Due to hyperfusion and virtualization, storage resources are 
encapsulated many times before being delivered to ASM, so that data blocks are striped many 
times. This situation makes data recovery very difficult in case of failure. Therefore, the 
database architecture at this stage should be built independently, and start to build a set of 
horizontally scalable flexible architecture based on distributed resources. 
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The cluster hardware adopts three H3C r4900 servers with x86 architecture. Each server is 
configured with 40 cores logical CPU and 256GB memory. The node is configured with NVME 
flash high-speed disk to improve IO access performance. The RAC node consists of two x86 
servers, one of which is used as the management node of shared storage. The two servers 
provide Oracle with shared storage resources of 2.1TB flash and 1TB HDD. The operating 
system of the cluster node is Red Hat 7.6. Oracle19c is usually selected as the Oracle cluster 
version, and Zdata distributed storage software is installed as the shared storage management 
software. Cluster planning instances up to 12 multi tenant (PDB). Each business can be 
provided with logically isolated database instances. As shown in Figure 3. 

4. Conclusion 

With the continuous information construction of education system in colleges and universities, 
the supporting role of database will become more and more prominent. In the future, the 
database architecture of colleges and universities will inevitably move towards the way of 
unified management and centralized operation and maintenance. At the same time, the 
database cluster architecture based on Oracle ODA and distributed Oracle will inevitably 
become the choice for most colleges and universities. From the perspective of long-term, 
advanced architecture and cost performance, the distributed database cluster architecture with 
high reliability, high performance, open economy and easy expansion will be the trend of the 
development of university database architecture in the future. 
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