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Abstract. Combined with the new demands in test and training ﬁeld, we proposed a
new architecture HIT-TENA according to HLA and TENA architecture. In order to
manage all kinds of test data in HIT-TENA, we designed a four-tiered hierarchical HITTENA Data Archive. This paper introduces the construction of Data Archive in detail,
including the design of database, the design of Data Archive Manager and the design
of Data Archive Web Service. Now, HIT-TENA Data Archive has been running on the
platform, to good eﬀect.
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1. Introduction. At present, development based on architecture has become a general
part of engineering practice [1] . A public architecture can eﬀectively promote the reuse,
interoperability and combination of the resources. Therefore, the architecture of the virtual test system is becoming distributed, open and interactive. In the ﬁeld of modeling
and simulation, the United States Department of Defense established the High Level Architecture (HLA). And in the ﬁeld of combat and training, the United States developed
the Test and Training Enable Architecture (TENA). We put forward HIT-TENA architecture after the study of HLA and TENA architecture, combined with the new demands
in test and training ﬁeld.
For diﬀerent kinds of architectures or test systems, the management of simulation data
has always been a very important task. The simulation data usually includes various
observation and measurement data, test operation data, documentation, result reports
and metadata. Simulation data is the product and core value of simulation with very high
reference value and guidance value for the subsequent simulation activities and scientiﬁc
research [2] . With the increase of the simulation systems, models, algorithms and data
involved are becoming more and more. In order to ensure the sharing and synchronization
of the test information, a uniﬁed data archive is necessary.
In 1995, the United States Department of Defense put forward the Modeling and Simulation Master Plan (MSMP), in which they proposed to construct Modeling and Simulation Resource Repository (MSRR): Create a distributed MSRR system, conveniently
to provide timely, checked and eﬀective data, metadata, algorithm, model, simulation
applications, toolkit and some background information for modeling and simulation [3] .In
the same year, the United States used the data management in industrial ﬁelds. In 2000,
a reservoir resource simulation data management system of Exxon Mobil Corporation
was brought into use [2] . Later, new simulation data management solution appeared constantly, such as MSC company’s SimManager[4] and AMSYS’s enterprise cooperative R&D
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platform PERA[5] . In the simulation ﬁeld, the development of HLA largely promoted the
management of simulation data [6] . And the core of TENA is the TENA Common Infrastructure, including the TENA Middleware, the TENA Repository, and the TENA Data
Archive [4] . The TENA Repository is responsible for the storage and management of range
resources, and the TENA Data Archive mainly realizes the storage and management of
data associated to operation. In HIT-TENA, we also designed the Data Archive, to store
and manage the data generated in diﬀerent phases of simulation test.
This paper will brieﬂy describe the HIT-TENA architecture, and mainly introduce the
construction of HIT-TENA Data Archive.
2. HIT-TENA Architecture. An overview diagram of HIT-TENA is shown in Figure
1. HIT-TENA mainly consists of four basic categories of software:
2.1. HIT-TENA Resource Application: HIT-TENA test system is usually built in
speciﬁc test tasks, using all sorts of HIT-TENA Auxiliary Tool on the basis of common
infrastructure. HIT-TENA Resource Application is the basic unit of the test system.
Resource application is built by the test system developer and conﬁgurated to each node
to execute all important tasks in process of the test.
2.2. HIT-TENA Common Infrastructure: HIT-TENA Common Infrastructure means
software sub-systems to achieve rapid construction of basic software in HIT-TENA applications. These include HIT-TENA Middleware, for real-time information exchange;
HIT-TENA Resource Repository , as a means for storing resources, such as component
model, object model and other information; and HIT-TENA Data Archive, for the storage
of scenario data, data collected during the test, and so on[3].
2.3. HIT-TENA Utilities: HIT-TENA Utilities is designed for the management of
HIT-TENA Common Infrastructure and basic resources, including Resource Encapsulation Tool, Resource Repository Manager, Data Archive Manager, HIT-TENA Gateway
and Data Collectors. Resource Repository Manager provides the conﬁguration management and security of the HIT-TENA Resource Repository. Data Archive Manager assists
the user in managing and ensuring the consistency of the diverse distributed data in HITTENA Data Archive. Data Collectors record public LROM information, and collect data
during a test. Resource Encapsulation Tool achieves the encapsulation of all kinds of resources, later the resources will be interoperability, reuse, and composability. HIT-TENA
Gateways are bridges between other isomerous systems and HIT-TENA system [3] .
2.4. HIT-TENA Auxiliary Tool: HIT-TENA Auxiliary Tool is designed for HITTENA Application, to achieve rapid construction of application with HIT-TENA tools,
including Resource Application Integrated Development Environment, Integrated Display
Software, Data Analysis and Processing Software and Integrated Environment Supporting Software. Integrated Environment Supporting Software provides diﬀerent information
of environments. Data Analysis and Processing Software provides expended application
about data analysis and processing model of some software in HIT-TENA, such as MATLAB and SIMULINK.
2.5. Non-TENA Applications: Systems those are not built in accordance with HITTENA, but needed in a logical range [3] .
As we can see from Figure 1, this paper will describe the construction of resource
repository in HIT-TENA Common Infrastructure, and the design of resource repository
manager in HIT-TENA Auxiliary Tool.

82

L. L. Lin, L. Y. Li, and Y. Ma

Figure 1. An overview of HIT-TENA

Figure 2. A four-tiered HIT-TENA Data Archive
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3. Organization of HIT-TENA Data Archive. HIT-TENA Data Archive is a highperformance, distributed and timing sequence organized database distributed on multiple
computers. It supports real-time query and provides the necessary data to keep the
normal operation of test systems, mainly includes the Data Archive Manager and the
Data Archive Web Service.
A four-tiered structure adopted in HIT-TENA Data Archive as showed in Figure 2.
The ﬁrst tier contains the raw data (test schemes and test data) in databases. Each
database has a database server that serves the raw information in whatever form is best
for that information. A database server could serve a relational database, a multi-media
database, an object-oriented database, or any other persistent storage mechanism.
The second tier provides for uniﬁcation of the schemas of this information, and is
mainly responsible for establishing ”joint multi-database”. The Federated Broker components share the original data served in tier 1 through mutual communication. The Data
Archive Services components are distributed, and provide needed global services for other
software (Data Collectors, Middleware, etc.) to access the information in HIT-TENA
Data Archive.
The third tier provides users information. It’s responsible for the construction of Data
Archive Manager through based on the Data Archive Services served in tier 2. And the
web browsers can obtain information through the Data Archive Manager.
The fourth layer provides server-side program based on B/S (Browser/Server) for users
to visit the base information in data archive through the web browsers.
4. Design of databases in Data Archive.
4.1. Database Needs Analysis. The main purpose of Data Archive is to store the data
information generated in diﬀerent phases of simulation test, including the test scheme
information planed before the test, the data gathered during the test and analysis and
the summary after the test. What’s more, the Data Archive should enable users to manage
the information and users. Speciﬁc data ﬁelds and structures are listed as follows:
Test scheme information: scheme information of the test system designed by the test
personnel through Resource Application Integrated Development Environment, including
scheme identiﬁcation, scheme name, created time, create units, unit IP, and LROM ﬁle
and scheme description ﬁle.
Test information: to record the relevant information about each test, including test
identiﬁcation, test time, test units, test personnel, remarks, etc.
Test data information: data gathered during the test and test analysis and summary
after test, including test identiﬁcation, scheme name, ﬁle name, ﬁle type, metadata ﬁle,
remarks, etc.
User information: to be responsible for the storage of all users, including user name,
user password, user unit, user roles, etc.
User roles information: such as role identiﬁcation, role name.
Log information: to store the run-time errors of Data Archive, including log identiﬁcation, error message, etc.
4.2. Design of Database Conception Structure. We use the E-R (Entity-Relationship
Approach) diagram to express the data ﬁelds and structures. Figure 3 reveals the E-R
diagram of data archive.
As the E-R diagram shows, each user owns a role, and diﬀerent roles have diﬀerent
permissions, every role can own multiple users. The users could manage the test scheme.
Each test scheme corresponds to many tests, and each test corresponds to a lot of test
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Figure 3. The E-R Diagram of Data Archive
data. In addition, every entity such as user, test scheme, and so on, also has its own
properties.
4.3. Design of Database Physical Structure. By transforming every entity in the
E-R model into relation model to complete the design of logical structure, properties of
original entity become the properties of the new relation model, and so do the primary
keys [7] . The next step after the transform is to design the physical structure (design of
database tables). Figure 4 gives a ﬁnal united view of database tables.

Figure 4. Relationship between the database tables
4.4. Design of the stored procedure and trigger. A stored procedure is a set of
pre-compiled T-SQL codes, stored in database server to improve the performance and
consistency of the repetitive tasks [8] . When it comes to execute, they don’t have to be
compiled again, so operating eﬃciency of the program is improved. The stored procedure can accept parameters and return multiple parameters in the form of the output
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parameters to the process or batch processing those call stored procedures. Using stored
procedure has many advantages, such as fast speed of execution, the modular programming and the reducing of network communication. The stored procedure can be called by
the application program as a unit. Data Archive contains a lot of repetitive operations
such as add, delete, update, and so on, so we must design the stored procedure to improve
the operation eﬃciency.
A trigger is a special type of stored procedure deﬁned on a particular table. The
trigger will automatically occur when operations aﬀect the data protected by the trigger
[8]
. When a DELETE trigger is triggered, the deleted records are stored in a special
deleted table. Modify a record is equal to insert a new record and delete an old record.
UPDATA statement can be considered as a DELETE statement that deletes a record and
a INSERT statement that inserts a record. And trigger may be nested. In Data Archive,
test scheme, test and test data are all related, if a test scheme was deleted, all tests belong
to it, as well as the test data belong to the tests should be removed, otherwise it will lead
to the inconsistency of information. Therefore, we must set triggers among the associated
tables to cascade update related ﬁelds and cascade delete related ﬁelds.

5. Design of Data Archive Manager. HIT-TENA Data Archive Manager is responsible for the management and control of HIT-TENA Data Archive. It provides graphical
interface for users to interact with Data Archive. By Data Archive Manager, users can
view, backup, restore, delete and manage all information in data archive, including test
scheme information, test data and metadata information.
HIT-TENA Data Archive Manager adopts three-tiered architecture based on B/S and
presents users information in the form of Web pages. Figure 5 shows the three-tiered
architecture that based on B/S, including data tier, logic tier and presentation tier. Data
tier is responsible for the storage of all data; Logic tier is responsible for the management
of database and service; Presentation tier provides visual interface for management.

Figure 5. Three-tiered architecture base on B/S
HIT-TENA Data Archive Manager consists of several functional modules, as shown in
Figure 6. Users can store the test scheme and data by upload module and browse them
through the retrieval module. Besides, management module provides users functions to
update them. Before that, users can pro-process data to improve data quality according to
individual demand. Database management module is to ensure the safety of the databases.
Users can backup or restore databases when necessary. When a runtime error occurs, log
management module will record it for developers to study and modify. Not everyone
can visit the Data Archive Manager the user management module is designed over whole
distributed system to manage the users’ grants. This paper mainly introduces the upload
and management of the test scheme and data in the next moment
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Figure 6. Main functional modules of HIT-TENA Data Archive Manager
5.1. Upload of the Test Scheme and Data. Test data are composed by the test
metadata and test data. The test metadata are used to deﬁne the data format of the
test data, and test data refer to all test information gathered during the test. For Data
Collected, there are two methods to store, in the form of document or database tables.
The Data Collectors would generate test metadata before storing the test data, similarly,
the test metadata are stored in two forms, documents and database tables.
Therefore, the upload module should take the above two cases into consideration, allow
users to upload in the form of document or tables. The former refers to save the document
to the databases, and the latter is to copy the test data tables to data archive databases
from original database, save the related test data information at the same time.
5.2. the Management of the users. There are three kinds of roles in this system correspond to users’ authority, senior manager, general manager and visitor. This paper
adopts the RBAC (Role Based Access Control) model to realize the authority management, which is based on ”user-role-permission”. Permissions are assigned to roles, not
users, endue user deﬁnite roles according to their duty, ﬁnally users can get their permissions through their roles [9] Figure 7 shows the method of RBAC model. A user can own
more than one role and a role can have more than one permission.In order to achieve the
separation of the users and permissions, the users’ permissions are associated with the
roles, and the roles are associated with the users, then it is easy to manage the users’
permissions.

Figure 7. RBAC model
When administrators add a new user, they must set the user a role. As a result, the user
will own corresponding permissions. Figure 8 shows the diﬀerent permissions of diﬀerent
roles.
Compared to visitors, general managers have the right to manage the information of
users. Senior managers can manage the database and log besides this. Visitors only can
modify their personal information, upload and manage test scheme and data.
5.3. Pretreatment of data. In order to ensure the integrity, accuracy and consistency
of the data, it is necessary to process data before storing the data. The data preprocessing
can deﬁne as the operations as followings: data cleaning, data integration, data conversion,
data reduction. The Data Archive Manager realizes data processing by organizing SQL
statement to manipulate database content according to the users’ settings.
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Figure 8. The diﬀerent permissions of diﬀerent roles
6. Design of Data Archive Web Services. As we can see from the HIT-TENA architecture, Data Archive needs to exchange information with various tools, such as the
Resource Application Integrated Development Environment needs the test scheme access
service to complete the reading and storage of test schemes. The Data Analysis and Processing Software calls the test data query service to get test data information, and saves
processed results through test data storage service. Data Collectors need the test data
storage service to save the test information and playback the test data after obtaining
data through test data query service. Therefore, it is necessary for HIT-TENA Data
Archive to serve appropriate interfaces for other tools.
A Web service is a software system designed to support interoperable machine-tomachine interaction over a network. It has an interface described in a machine-processable
format (speciﬁcally WSDL). Other systems interact with the Web service in a manner
prescribed by its description using SOAP-messages, typically conveyed using HTTP with
an XML serialization in conjunction with other Web-related standards [10] . The data
format of Web Service is XML, which has the advantages of platform independence, so
the Web Service’s work processes do not need to consider the system and platform of
the client and server [11] The design of operation functions in the interface is the most
important part of Web service. Classify the operation function in accordance with their
function. Table 1 shows the classiﬁcation.
7. Conclusions. This paper proposes a method to manage data generated in various
stages of the tests through Data Archive in virtual test architecture. Therefore, this
paper focuses on the construction of HIT-TENA Data Archive, including the design of
databases, the design of Data Archive Manager and the design of Data Archive Web
Service. Eventually a real-time and uniﬁed storage and management of test data came
true to ensure the share and consistent of the test information. HIT-TENA Data Archive
laid the foundation for the normal operation of the HIT-TENA platform.
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Table 1. Classiﬁcation of the functions in web service
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