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ABSTRACT. A large number of Chinese ancient books provide important guidance for
clinical practice. Traditional Chinese Medicine (TCM) information system can help us
to speed up the transformation of TCM knowledge from the books to the clinical practice.
Traditional waterfall model driven by system function needs the whole documents of de-
velopment at the beginning. If the users make any change in the period of development, it
will bring so many extra work, so this kind of development model cannot fit the develop-
ment without clear demand. Agile development pattern driven by data model can help us
construct function models rapidly under the condition that the function demands cannot
be defined exactly. Through continuous iteration, we can complete the construction of
literature information system with high efficiency and quality.
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1. Introduction. Traditional Chinese Medicine (TCM) literature is the most valuable
achievement in the development of TCM, which supports the decisions in clinical prac-
tice. The development of information technology has greatly enriched the ways of people
acquiring information. The traditional literature information recorded in paper leads to
poor using efficiency in scientific and clinical research. In order to give more accurate in-
formation of TCM literature efficiently, we should build the TCM literature information
service system. A key question to develop information system with high efficiency and
quality is choosing a scientific development pattern according to the characteristics and
functions requirement of the information system [1].

People have already made some practices in the information system building of tradi-
tional Chinese medicine literature. Wu et al. of Shanghai University of TCM have made
an information system to search and analyze the TCM cases [2]. Zhang et al. of Shan-
dong University of TCM have built a database based on Visual FoxPro 6.0 platform,
and the institute of information on TCM of CACMS has developed a database system to
search information of TCM literature content [3]. Almost all the study and development
of TCM literature information system focus on the functions of division and description,
and use the development method such as waterfall model driven by system functions
and corresponding documents to build system, and even no paper tries to find a system
development model especially for the characteristics of TCM.

Waterfall model is one of the most reliable and common models in the development of
information systems, which is characterized by the documents as the basis. The use of
documents can help developers control every link effectively, and ensure the stability and
accuracy of development process. As the development pattern of the traditional “business
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process” system, we need specify function of the business process needed in the develop-
ment and analysis [4]. Waterfall model driven by function development pattern is suitable
for the following development scenarios: when the development of the software is about
the fields that have been defined clearly; when there are reusable architectures or mod-
els; when the system needs to be very safe and have extreme performance requirements.
Otherwise, in the information system development of TCM literature, the TCM literature
information has the characteristics of “large amount of data”, “unstructured data” and
“complex data”. In the early period of system construction, the functional requirements
are difficult to be defined. It is impossible to get the full functions of the system before
this system runs. If the development of the literature information system is carried out
using the functionally driven waterfall pattern, the following questions will appear. (1) It
is not easy for developer to go back a step and if something wrong happened in the design
phase, things can get very complicated in the implementation phase. (2) People are not
very clear of what they exactly want from this system. Any changes on this information
system may cause a lot of confusion. (3) Small changes or errors that arise in the com-
pleted system may cause a lot of problems. (4) Until the final stage of the development
cycle is complete, a working model of the software does not lie in the hands of the client.
Thus, he is hardly in a position to inform the developers, if what has been designed is not
exactly what he had asked for.

2. Development Driven by Data Model. The core of TCM literature information
system is the literature data, and its main function is to provide data retrieval and analysis
services, so it is one of data intensive applications [5]. That is, the function of the system
is determined by the use of data from the system users. Therefore, the first step in the
construction of the system should be a complete and accurate data analysis. This paper
used the object-oriented data analysis method. Firstly, we used the concept of object
to find the entities that exist in literature of TCM, and built the whole collection of
the entities, such as document entity, Chinese medicine entity, formula entity, medicine
record entity, medical case entity, and medical note entity. Secondly, we analyzed the
attributes of the entities. These attributes information should be only related to specified
entity, and they are objective characters of the entity, such as that the document entity
should contain documents name, author, book’s age and other information, that formula
entity should include name, source, usage, efficacy, indications, use of taboo and other
attributes, and that Chinese medicine entity should contain medicine name, processing,
dosage, and usage note. Finally, we analyzed the attributes of one entity related to other
entities, and found out the relationship between entities, such as that the formula entity
contains more than one Chinese medicine, and that a document entity contains a plurality
of medicine entities.

Figure 1 shows the entities, attributes and relationships of the Chinese medicine,
medicine record, document and formula. All the database tables about TCM informa-
tion are divided into three main parts: “CHINESE_MEDICINE”, “DOCUMENT’ and
“FORMULA”. In the “CHINESE_MEDICINE” part, the core entity (table) is CHI-
NESE_MEDI-CINE, the ID of which is the foreign key of the entity (table) CHINESE_ME-
DICINE_.PHARMACOLOGY, CHINESE_MEDICINE_RECORD and CHINESE MED-
ICINE COMPONENT. In the “FORMULA” part, the core entity (table) is FORMULA,
the ID of which is the foreign key of the entity (table) FORMULA ILLUSTRATION,
FORMULA _PHARMACOLOGY, and FORMULA_COMPONENT. The part of “DOC-
UMENT” has one entity named DOCUMENT, which is where the Chinese medicine
record and formula exist. The CHINESE_MEDICINE part and the FORMULA part are
connected with the entity (table) FORMULA_CONSTITUTE. According to Figure 1, we
found which data the system users are interested in and which query they will made, and
made the definition of complete functional requirements based on the data model.
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FIiGURE 1. Data model

3. Agile Development. Agile development is a development pattern, which focuses on
the developers, the iteration and the steps. It is adaptive not predictive, people-oriented
not process-oriented [6]. In contrast with the waterfall pattern, the agile development
pattern meets the development requirements of the system well [7]. The function from
analyzing of data model is the main user demand rather than all, and is uncertain, which
is called the “rough demand”. Therefore, in making system development planning and
demand analysis, we should not over pursue the integrity and specification of documents,
only need to make a simple report after analyzing the “rough demand”. According to the
contents of the report we collected typical data, analyzed the relationship between the
data attributes and built data E-R model. Based on the definition of the model, we had
collected more data in a wide range. At this time, due to the large workload, this work
often needs to be completed in the multi terminal workstations.

The practice shows that the use of Microsoft Excel as data collection tool is more
convenient than the use of data collection software specially designed. It should maintain
a certain degree of redundancy, so as to ensure the integrity of the original data. When
data collection is completed, the data collection is formed, and we had made the definition
of system function based on the definition of the data [8]. We used agile development
language ROR (Ruby On Rails) to build system prototype, imported the test data into
the prototype to iterate the development and made the system perfectly step by step.
Finally, we used Microsoft VBA programming interface to import all the data into the
completed system from Excel.

Figure 2 shows the entire flows of agile development. In every step of the flow, we used
the corresponding tools to do the right work. In the step of rough demand collection and
data structure definition, we used E-R model to express the relationships of the entities.
In the step of source data collection and system function definition, we used MS Excel and
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Access to complete the data pretreatment. In the step of system construction (building
prototype, detailing design), we used agile development tools of ROR and MVC model
to finish this work. MS VBA was used to import the data into the information system.
During this process, we used iterative to perfect the system until we finished it.

4. Conclusions. Through the research about TCM literature information system con-
struction in this paper, we built the main models of TCM literature information system,
and illustrated the properties of the data models such as document, Chinese medicine,
and formula. We defined the related entities and their main properties, and defined the
relationships among the entities.

At the beginning of system on TCM treatment of hypertension development, we used
waterfall model to build system. Firstly, we want to collect the complete user’s demand
and finish the demand analysis document, but the user has much difficulty in making
the complete system demand, and even they do not know what the finished system looks
like. The analyzers have to take about 30 man-months workload to finish the document
in this dilemma, and then the programmer took about 80 man-months to complete the
system. Otherwise, the user was not satisfied with our work, and he believed that what
we completed was not what he wants. So, we turned back to start this work with agile
model. We took 3 man-months workload to complete the prototype system without any
document, and then communicated with the user completely. We only took 8 man-months
workload to finish the first iteration, so we repeated this process over and over until the
user thought that what we made together is what he wants. All above iterations took
only 40 man-months.

Compared with the previous system development work using traditional waterfall model,
using data driven agile model can complete prototype system in the short time.

Continuous communication with the system users, and iterations of the system can
reduce the discussion time for the system function demand and rebuild work to ensure
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the quality of the whole system. The construction of this agile development method driven
by data model can provide reference for the future TCM information system.

With the development of the concept and application of big data, the analysis and
data mining of mass TCM literature data become more and more important. In the
future research, we should try to build the TCM data model and storage method based
on distributed computing, find the deep knowledge and rules among different structured
TCM data, and provide the guidance to the clinical research and practice.
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