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The purpose of this study is to design and develop a client-server
computerized unit-dose drug distribution system, which can overcome the problems of
the old system and can be used as a tool to support the unit-dose drug distribution
system’s operations which is one of the operations in pharmaceutical services. The
analysis and the design are based on the object-oriented technique called Rumbaugh’s
Object Modeling Technique (OMT). Data is stored in a relational database using
Microsoft SQL Server 7.0 database management system and programmed by
Microsoft Visual Basic 6.0 on microcomputer under Microsoft Windows NT 4.0 as an
operating system. The system is developed from the procedures and data collected
from the department of medicine at Nongbualumphu Hospital.

This study results in a client-server computerized unit-dose drug
distribution system, which is divided into 7 subsystems : patient’s admission ;
patient’s medication ; patient’s discharge ; drug inventory ; reporting ; calculating
patient’s cost and base data. The developed system can eliminate the complexity of
data storage, access data quickly, and complete desired reports easily. Including all

computers in the system are linked together to provide flexible processing.

The department of pharmacy of the hospital can use this system
as a tool to support the unit-dose drug distribution system’s operations, which can
minimize the disadvantages of the conventional one by minimizing the rate of drug
misuse, appropriate drug utilization, reducing the waste in drugs in each step of the
operation, maximizing accuracy of calculating cost of used drug; suitable use of
person depending on their professional skill and, high quality of patient care.
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CHAPTER 1

INTRODUCTION

1.1Background and statement of problems

Drug distribution is one of the main tasks for pharmaceutical work group
which is considered to be important cluster in hospital management since it is related
to “drugs’ which is the chief factor of curing. There are 2 parts of drug distribution,
which are for out-patient (OPD) and in-patient (IPD).

In-patient drug distribution in Thailand was not well developed because each
hospital has different drug distribution systems. However most of the hospitals still
use conventional drug distribution system which many research papers confirms its
disadvantages as follows : quantities and values of drug stock are very high; errors in
drug distribution process because of difficult control, lead to drug-related problems;
medical-professional use is inappropriate; loss of drugs, increasing of patient’s direct
costs and indirect costs especially in government’s budgets.

Because of these problems, a new drug distribution system so called “Unit-
Dose Drug Distribution System’ had been developed to minimize the disadvantages of
the conventional one. Many international research papers on the effectiveness of unit-
dose drug distribution system had shown its practicality implementation. Therefore
many overseas hospitals adopt this system to use in their day to day operations. The
main objectives of unit-dose drug distribution system are : lowest rate of drug miss-

using; reduce waste of drugs in each step of operation; economical management;
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accuracy in calculating cost of used drug; suitable use of person depends on their
professional and skill; and high quality of patient care.

Although many problems occurred in conventional system can be resolved by
the unit-dose drug distribution system, but problems are still occurred in the new
system operating procedures. Especially time wasting for document preparation such
as unit-dose drug labels, patient medication profiles, financial documents, updated
inventory documents that will increase operators’ workload. From the problems of
implementing unit-dose drug system, there is the idea to use computers to eliminate
the complexity of data storing, to be able to reach data quickly and to complete desired
reports easily.

In Thailand, 2 researches have been published for presenting computerized
unit-dose drug distribution system. However, both of them are only used in the
environment of ‘stand-alone’ computers. .So only one process, for example, label
printing, report generating, can be operated at a time. But in unit-dose drug
distributién system, there are many ‘dynamic’ operations; for example; changing
physician’s medication orders, requiring for special drugs that are not available in unit-
dose sub-stock in patient’s wards, requiring for patient’s old medical history. Including
there are many people and places that are related to this system and distributed to
various point of work, both in and out office-time. Some of these operations lead to
changing in drug distribution procedures. And if they must be operated at the ‘stand-
alone’ computer (which is usually situated in the main drug-distribution room),
operators in patient’s wards must waste time for traveling to the main drug-distribution

room and waiting for using the ‘stand-alone’ computer.
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One way to solve this problem is to develop computerized unit-dose drug
distribution system which can provide users to access data from one or more remote
sites. This means the system is addressed by the client/server computing environment.
All computers in -the system, (including in main drug-distribution room and in

patient’s wards) are linked together to provide flexible processing.

1.20bjective

1.2.1 Main objective
To develop client-server application program for unit-dose drug
distribution system.
1.2.2 Sub-objectives
12.2.1 To study, analyze, and develop a client-server application
program for unit-dose drug distribution system.
1.2.2.2 To experimentally use the developed program of unit-dose

drug distribution system in the in-patient ward of Nongbualumphu Hospital.

1.3Scope of study

To study and implement client-server application program for unit-dose drug
distribution system and test this program by using data from the department of
medicine, Nongbualumphu hospital, Amphur Muang, Nongbualumphu Province
which comprises of 34 patient-beds. IBM-compatible personal computer with

Microsoft Windows NT operating system will be used to implement proposed system.
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Microsoft SQL Server and Microsoft Visual Basic will be used to develop the
application.
1.4Steps of approach

Steps of approach for this study is shown in figure 1.1.

Figure 1.1 Steps of approach for the study of analysis and design of computerized

unit-dose drug distribution system.

1.5 Expectation of study

1.5.1 A developed unit-dose drug distribution system can overcome the
problems of the old system.

1.5.2 A developed client-server application program can be used as a tool to
support the unit-dose drug distribution system’s operations which is one of operations

in pharmaceutical services.

1.6Key words
Drug distribution system(1) :
Is the system set for the purpose of selecting, controlling, inventory
managing, dispensing, transferring, preparing and managing of drugs in health-service
office, follow to physician’s curing command.

Unit-dose drug distribution system(2) :
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Is the drug distribution of pharmaceutical department for in-patient, in
unit-dose package for 1 day. Drugs for each patient are contained in the same
container and collected in medication cart or cassette for each ward.

Unit-dose package(1) :
Is packing of drugs in amount equal to 1 dose of medication.
Dose(3) :
Is the quantity to be administered at one time, as a specified amount
of medication.
Application program(4) :
Is a developed computerized program that is used in a desired work.
Client-Server system(4) :
Is a network computer system that a ‘server’ computer will operate
many processes; for example, searching data; for ‘client’ computers. When a
process has been done already; for example, finding desired data; a server will
send the data to those client computers to continue working.
Network(4) :
Is a linkage between 2 or more computers together by communication

system for sharing data and resources, for example, data file, printer.
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CHAPTER 2

LITERATURE REVIEW

This chapter presents a summary of reviewed literature concerning the unit-
dose drug distribution system and its computerized applications, the object oriented
modeling methodology and relational database, including relationship between the
object data model and relational data model.

2.1 Drug Distribution System

Pokkrong Maneesin(1) had described that drug distribution system is the
system set for the purpose of selecting, controlling, drug collecting? drug dispensing,
drug transferring, drug preparing and drug management in health-service office,
follow to physician’s curing command. For in-patient drug distribution, it must be
made-up by co-operation of physicians, pharmacists, and other people from related
department, which define formal policy and operation. Drug distribution system in
various hospitals are quite different, depend on number of patients, medical staffs, and
budgets. The main objective is to serve rapid and effective drug services.

He had also described that there are 2 main types of drug distribution system as
follows :

2.1.1 Conventional Drug Distribution System :

There are 3 types of conventional drug distribution system as follows :

- Floor Stock Drug Distribution System

Except less amounts and items, nurse station of in-patient wards
contains drug stock similar to those in hospital’s pharmaceutical department.

Nurses can therefore prepare and administrate drugs in-time. Pharmaceutical
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department will prepare drugs followed by nurses’ orders when they are almost
out of order.

- Individual Prescription Order Drug Distribution System

In this system, pharmaceutical department will prepare drugs follow
physician’s drug prescription for each patient. The drug quantities are prepared
for using in 3-5 days (oral) and 1 day (parenteral) whereas physician’s
prescription is transferred to pharmaceutical department by patient’s relatives
or nursing person. In some hospitals, nursing person will copy physician’s
command from each of patient’ s profiles into drug prescription, collect and
transfer to pharmaceutical department for drug requisitions every single day.
Drugs will be stored in nurse station in wards for administration.

- Combination of Floor Stock and Individual Prescription Order
Drug Distribution System

This system will select lists of drugs to be stored in wards, which are
frequently used, less dangerous, and low price. For example, disinfectants and
antiseptics prepared for using in hospital. Drugs which are out of these lists
must be available only at pharmaceutical department. So in practical, the drugs
will be distributed based on prescription for each patient and try to apply
advantages of both systems.
Disadvantages of conventio:ml drug distribution system

a. High quantities and value of drug stock, which include amounts of drug

outside main stock : drug stock in wards and sub-stock.

b. Losses of drugs caused by repeated drug requisitions, in-correct drug storage,
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leads to drug expired and quality lose out, because of no drug control outside
pharmaceutical department.

¢. Waste of cost of drug used of patients and hospital

d. Drug miss-using, caused by

- Nurses must copy physician’s prescription many times, for drug
prescription transferred to pharmaceutical department and for medical card
arranged for each patient administration.

- Unsuitable use of medical professional in reading, interpreting, preparing
drugs in wards, especially nursing person who has high workload, so
fineness of work decreases.

- There are filling drugs in new storage in wards without identifying drug
names, strength and doses

These errors in drug using each titﬁe may lead to the decrease of efficiency.

Adverse drug reaction or drug toxicity may be occurred. It therefor wastes patient’s
time to stay longer and increase cost of cure for both patients and government.

2.1.2 Unit-Dose Drug Distribution System

This system has been developed in USA. Since 1960 for solving problems of

the conventional drug distribution system.

2.2 Unit-Dose Drug Distribution System

2.2.1 Definition and operations in unit-dose drug distribution system
Apiruedee - Hemajuta(2) had defined the definition of unit-dose drug
distribution that it means drug distribution of pharmaceutical department for in-

patient, in unit-dose package for 1 day. Drugs for each patient are contained in the
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same container and collected in medication cart or cassette for each ward. She has also
described fundamental compositions of unit-dose drug distribution system

- Drug for patient administration must be in unit-dose package.

- Drug distribution must be done in form of ready to administrate to
patients, and there must be labels with the drugs all the time until
they are administrated to patients.

- Amount of drugs taken to wards is prepared for 24-hrs uses and can
return these drugs in case of no-use.

- There must be patient medication profile for each patient, and
always being updated for each of drug distribution.

Moreover unit-dose drug distribution system will focus on allowing to keep
necessary reserved drugs in patient wards at least quantities such as emergency drugs,
often-used but less dangerous drugs, for example, gargle, antacid.

Operations in unit-dose drug distribution system, which are illustrated in figure
2.1, are able to described as follows :

1 A patient is admitted to be cured in the hospital.

2 Pharmacist prepares patient medication profile and records patient’s name, bed
or room number and others related to the medication.

3 One copy of physician’s drug prescription will be sent to pharmaceutical
department.

4 Pharmacist determines the drug prescription with records in patient medication
profile as follows : completeness of drug prescription; the degree of drug severity,
strength, frequency of drug taking; whether drug is available in hospital; is there any

problems of drug interaction; reason to use drugs.



Chainarong Bauruksa Literature Review / 10

4.1 If any error is found, pharmacist will check drug prescription with
references and find options for correcting that error.

4.2 Pharmacist consults the physician about the error that has been found in
drug prescription.

4.2.1 If the physician confirms the old drug prescription, it has been ready

for recording physician’s commands in patient medication profile.

4.3 If the physician corrects the old drug prescription, the new drug
prescription will be sent to pharmaceutical department again.

5 Drug prescription will be determined again until any error is not found.

6 Pharmacist records physician’s command into patient medication profile.

7 Determine whether drugs must be necessarily used before the next sending-time
of the time-schedule for patient’s drug administration, that has been set by cooperating
with nurses.

7.1 If the drugs must be necessarily used before the next sending-time of the
time-schedule.

7.2 Pharmacist controls pharmaceutical people to prepare drugs in amount
enough until next sending-time of the time schedule in unit-dose form and
fill it in cassettes of medication carts.

8 If the drugs are unnecessarily used before the next sending-time of the time-
schedule.

9 Pharmacist controls pharmaceutical people to prepare drugs in unit-dose form
and fill it in cassettes of medication cart.

10 Pharmacist records drugs used in patient medication profile

11 Pharmacist checks drugs in each cassette again.
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12 Drugs in cassettes or medication carts are transferred to wards according to the
determined schedule.
13 Nurse gives drugs to each patient according to the time schedule and records in
nursing medication administration.
14 Cassettes are transferred back to pharmaceutical department.
15 Pharmacist checks cassettes whether there are some drugs remained, and finds
possible cause of remained drugs.
16 Values of remained drug will be used to recalculate for reducing patient’s drug-
cost. |
Advantages of unit-dose drug distribution system
Apiruedee Hemajuta(2) had described advantages of unit-dose drug
distribution system as follows :
- Be able to decrease error-rate caused by drug using displacement.
- Be able to lower cost of drug used.
- More suitable, effective uses of pharmaceutical and nursing people.
- Be able to control all drug using, including better for following results of
drug using.
- Be able to calculate cost of drug used correctly and fairly for patients and
the hospital.
- Be able to reduce unnecessary, complex steps in returning drugs.
- Pharmacist is able to set time schedule in pharmaceutical department
effectively.

- Be able to reduce amounts and values of all drugs stock in hospital.
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Figure 2.1 Operations in unit-dose drug distribution system(2).
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Jantima Tayakorn(5) has the opinion that the unit-dose drug distribution
system will be useful in reducing amount and value of drugs on floor-stock, but there
are some problems in operating the system, for example, delay time in distribution
unit-dose drugs to patient-wards. So the system should be improved to be suitable for
operations of every medical person.

Disadvantages of Unit-Dose Drug Distribution System

Lawan Sratthaphut(6) had described disadvantages of unit-dose drug
distribution system as follows :

- Increase workload of pharmaceutical department, because unit-dose drug-
products are rarely used in Thailand, so pharmaceutical department’s staff
must prepare unit-dose drugs and also produce labels themselves.

- Patient medication profile and nurse medication administration record must
be updated all the time for minimize errors, return drugs in time, non-
repeated drugs. Pharmacist must take more time and skills to check
physician’s command.

- Because unit-dose drug distribution system provides the easiness of drugs
returned to pharmaceutical department, it will impact to the drug quantities
in the stock which will change all the time and hard to control.

She also has the opinion that according to unit-dose drug distribution system,

there must prepare drugs to each patient enough for 1 day and also allow to return
drugs so workload of financial and accounting management will arise and must be

done more finely for the fairness of patients.
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2.2.2 Unit-dose drug distribution system in Thailand

Pokkrong Maneesin(1) had described that in Thailand, hospitals under
ministry of public health such as Lampang Hospital, Chacherngsao Hospital,
Chiangrai Hospital, and Surin Hospital have experimentally used unit-dose drug
dispensing system for their in-patient wards. However from the report of ministry of
public health ( on 2™ March 1998), only Khonkaen hospital and Lampang hospital has
been confirmed a developed pharmaceutical service in unit-dose drug distribution
system.

2.2.3 Application programs for the unit-dose drug distribution system

In Thailand, there are 2 researches concerning the computerized applications of
the unit-dose drug distribution system:

Pokkrong Maneesin(1) has the opinion that using computer is able to use to
increase efficiency of works in unit-dose drug distribution system such as record drug
dispensing, calculate cost of drug used, reduce errors of drug dispensing, and support
clinical phaxmacy services.

He had developed computerized system as part of an online hospital
information system for drug dispensing, charging and using information as well as for
inventory control. The system was divided into 5 sub-systems: profile pharmacy,
generate prescription, print prescription, print label for in-patient — IPD, and admission
information. However, this system cannot be used to support the real unit-dose drug
distribution system because no unit-dose package was involved in the system.

Lawan Sratthaphut(6) had also developed computerized system for unit-
dose drug distribution system, which was divided into 4 sub-systems: patient

admission and discharge, drug dispensing, drug returning and inventory, and unit-dose
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package preparation However , because data of the system was stored in a relational
database using Microsoft Access database management system and programmed by
Microsoft Visual Basic on microcomputer under MS-DOS, it means the system has
been set on ‘stand-alone, computer, so it cannot be used to support ‘client-server’

architecture.
2.3 Object-Oriented Methodology

2.3.1 Methodology :

From the paper of ‘Pencome’ about the topic ‘Object-Oriented
Methodologies’(7), the author had described that a methodology is a set of procedures
for gathering requirements, analyzing and designing a program. The author has the
opinion that a methodology is a way of enforcing self-discipline and ensuring a
rigorous and thorough analysis of the problem at hand. It also acts as a checklist
making sure nothing has been missed. Finally, since information is usually displayed
in a graphic format, problems and concerns may become more easily apparent than
they would be from reading an old-fashioned, ‘Victorian novel’ text specification.

.2.3.2 Object-Oriented Approach :

Bakker(8) had described that object diagram, which are models(Model
: A model is an abstraction of something for the purpose of understanding it before
building it), provide the essential framework into which the dynamic & functional
models can be placed. The ‘goal’ in constructing an object diagram is to capture the
concepts from the real world that are important to an application. He also has the
opinion that the 2 purposes of an object diagram are:

- assist developers in making computer system and application of all

kinds
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- make communications with the customer easier

Nielsen(9) has the opinion that there are 2 approaches of using tools

and methods to describe and support software develo;Jment steps: ‘traditional

structured’ and ‘object-oriented’ analysis and design. He also had summarized the

differences between both approaches, which are described in table 2.1.

Table 2.1 The differences between traditional structured and object-oriented analysis

and design.
Methods of Analysis & Design Traditional structured Object-oriented
1. Pattern Function Entity
2. Data & Function Separate Abstraction
3. Data Structure Open/visible Hidden/encapsulated
4. Re-Design High Low
(if any system requirements are changed )
5. Code changed
(if any data is changed or moved) Yes No

Turban, McLean, Wetherbe(10) has described relative advantages for

development environments in table 2.2 .

Table 2.2 Relative advantages for development environments.

Development

Environment | Reuse Speed

Platform

Productivity | Independence

Data Application

Independence | Architecture

compliance
Object-Oriented | High Medium | Medium Medium n/a High
- High - High - High
Traditional Low Low Low Low Low Low
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2.3.3 Benefits of Object-oriented Approach :

Bureson(11) has the opinion that benefits of object-oriented approach are :

1. Reduce maintenance costs :

Behaviors are stored within the database and are isolated from the
application. Because each ‘method’ is encapsulated, building blocks are created that
may be re-combined to create new behaviors.

2. Improved flexibility :

Because object can be dynamically called and accessed, new object
may be created at any time the new object may inherit data attributes from one/many
other object. Behaviors may be inherited from super-classes, and novel behaviors may
be added without affecting existing system functions.

Lam(12) has the opinion that with the object-oriented approach, people can
easily understand the system as objects rather than procedures since people think in
objects. For example, people see a car as a system with an engine, gas tank, wheels,
etc. But most people would not see a car as a series that make it run. Since it’s more
natural to think of a system in objects, it is understandable why object-oriented
technology is gaining popularity. It’s a systematic way to do analysis and design. It
enables planning and repeatable development. It provides a basis for developer
experience. Also it avoids misunderstanding and avoids different notations for the
same thing because everyone is speaking the same language. He has also described the

strengths and weaknesses of object-oriented technology in table 2.3 .



Chainarong Bauruksa

Literature Review / 18

Table 2.3 Strengths and weaknesses of object-oriented technology.

Strengths

Weaknesses

1.

Programmers can design programs in the
context of the kinds of objects and their

relationships to be molded in the real-world

Lack of established standards
Conversion requires education and training

Need time to shift from the structured

system, paradigm to the OO paradigm.
Faster development 4. People do not want to shift
Higher quality

Easier maintenance

Scalability

Changes to existing systems can be made

without rebuilding the system

2.3.3 Object-oriented methodologies :

Nielsen(9) has the opinion that different methodologies that are implemented

an object technique approach use same models but in different notation. Lam(10) has

the

opinion that to decide which method is the best, a developer has to look at some

selection criteria :

First, the method should be suitable for the application requirements,
cover the software lifecycle phases, and also fit the programming language.

Second, developers’ experience with the method affect how well they
use the method.

Third, the amount of support the method has. The support could be
tools for creating models, technical help, or a mentor.

Finally, the method should be easy to use and understand.

He had also described the strength and weakness of each methodology in table

24 .
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Table 2.4 Strengths and weaknesses of each object-oriented methodology.

Object — Oriented

Methodology

Strengths

Weaknesses

Rumbaugh OMT

Shlaer-Mellor method

Booch’s method

Wirfs-Brock’s RDD/CRC

Coad/Yourdon method

Jacobson’s method
(OO Software Engineering :
OOSE)

Notations are able to support all
major concept

Provide different views of the
problem

Easy conversion from structured
methods

Very detailed

Has a great deal of commercial
use

Has a rich set of notation and
incorporates elements of other
methods

Ease of use and understanding
Inexpensive  tools of index
cards

Being used commercially
Simple

Intuitive approach

Easy to understand and use

Ease of learning(because of
simple notation)

Cover all development phases
with a good support for the

analysis phase

Analysis phase has more

support than the design

Not widely used, not supported
enough

Include some non OO features
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2.40bject Modeling Technique : Rumbaugh’s Methodology

Amako(13) had summarized the Object Modeling Technique, which is an
object-oriented analysis, design and implementation methodology that has been
developed by Rumbaugh. The methodology is divided into 4 phases as follows :

Phase 1 : Object Analysis Phase

1 Write or obtain an initial description of the problem statement.

2 Build an Object Model :

Object Model = Object Model Diagram + Data Dictionary

A description of the structure of the objects in a system including their identity,
relationships to other attribute, and operations.

3 Develop a Dynamic Model :

Dynamic Model = State Diagrams + Global Event Flow Diagram

A description of aspects of a systeﬁl concerned with control, including time,
sequencing of operations, and interaction of objects.

4 Construct a Functional Model :

Functional Model = Data Flow Diagrams + Global Event Flow Diagram

A description of aspects of a system that transform values using functions,
mappings, constraints, and functional dependencies.

5 Verify, iterate, and refine the three models

Analysis Document = Problem Statement + Object Model

+Dynamic Model + Functional Model

Phase 2 : System Design Phase

The first stage of design, during which high-level decisions are made about the

overall structure of the system, its architecture, etc.
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System Design Document = Structure of basic architecture for the system
as well as high level strategy decisions.

Phase 3 : Object Design Phase

In this stage, shift away from the real-world orientation of the analysis model
towards the computer orientation required for a practical implementation.
Design Document = Detailed Object Model + Detailed Dynamic Model

+ Detailed Functional Model

Phase 4 : implementaﬁon Phase

In this stage, the design established in the OOA/OOD is realized in an
executable form.

The OMT methodology is illustrated in figure 2.2

Object Analysis

e

s Problem Statement
SA

~

Object Model

Dynamic Model
A

\ Functional Model /

Object Design

\ 4

System Design

Sa

Object Design

!

[ Implementation ]
Figure 2.2 The OMT methodology
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Gulya Chatbusayamas(14) had summarized the basic object modeling
concepts that are described by Rumbaugh and his team as follows :

Objects:

An object is-a concept, abstraction, or thing with crisp boundaries and meaning
for the problem at hand.

Classes:

A class or an object class describes a group of objects with similar properties
(attributes), common behavior(operation), common relationships to other objects and
common semantics.

Attributes:

An attribute is a data value held by the objects in a class. Each attribqfce has a
value for each object instance.

Operations:

An operation is a function or transformation that may be applied to or by
objects in a class.

Methods:

A method is the implementation of an operation for a class

Links:

A link is a physical or conceptual connection between object instances.

Associations:

An association describes a group of links with common structure and common
semantics.

Example of Associations
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Aggregation:

Aggregation is special type of association that represents the “part-
whole” or “a-part-of” relationship. The objects representing the components of
something are associated with an object representing the entire assembly.

Generalization:

Generalization is the relationship between a class and one or more
refined versions of it. The class being refined is called the super-class and each
refined version is called a subclass. Generalization is sometimes called the “is-
a” relationship because each instance of a subclass is an instance of the super-
class.

Inheritance:

Inheritance is a mechanism for sharing attributes and operations using a
generalization relationship.

Multiple inheritance permits a class to have more than one super-class
and to inherit features from all parents. This permits mixing of information
from two or more sources.

Qualifications:

A qualified association relates two object classes and qualifier. The
qualifier is a special attribute that reduces the effective multiplicity of an
association
Multiplicity:

Multiplicity specifies how many instances of one class may relate to a single

instance of an associated class.
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Constraints:

Constraints are functional relationships between entities of an object model.

Derived objects, links and attributes:

A derived object is defined as a function of one or more objects, which in turn
may be derived.

She also has the opinions that OMT provides a useful abstraction for relational
database design. With its strong support for analysis and design it gives many
advantages which allow some problems of organization to be successfully solved.

- Reduce cost such in the case of redesign because the object-oriented

concept supports re-usability.

- Reduce time because it promotes database integrity. Mai:ping from object

model to table will be in the third normal form.

- Increase design performance.

- Reduce gap between designer and user and a richer set of constructs for

modeling data.

2.5Relational Data Model

Elmasri and Navathe(15) had described that relational data model represents
the database as a collection of relations, as a ‘Table’ of values. A table is consisted of
rows and columns. Each row in the table represents a collection of related data values.
The table names and column names are used to help in interpreting the meaning of the
values in each row of the tables. The column names specify how to interpret data

values in each row, based on the column each value is in.
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In relational model terminology, a row is called a tuple, column header is
called an attribute, and the table is called a relation. The data type describing the types
of values that can appear in each column is called domain.

They has also described about ‘Normalization’ that is the process of
refinement to resolve relational schema before implementation or to break up larger
tables into smaller tables because there may be ambiguous or redundant information in
tables. This is to avoid update anomalies.

-  First normal form (1NF) — A relation is in first normal form if it contains
no repeating data items. So it requires a flat table, that is every attribute
value is an atomic, non decomposable data item.

- Second normal form (2NF) — A relation is in second normal form if and
only it is in first normal form and each non-key attribute is fully
functionally dependent on the entire primary key.

- Third normal form (3NF) - A relation is in third normal form if and only
if it is in second normal form and there are no transitive dependencies

between non-key data items.

2.6Relationship between Object-Oriented Models and Relational
Models:

Hanson & Hanson (16) have the opinion that it is generally agreed that
object-oriented models provide a more accurate representation of the complexities of
an application problem than do the relational and other early data models. However,
few systems exist at present on which object-oriented models are implemented. Thus,

it needs some method for translating object-oriented models to relational models that
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can be implemented. It means transforming ‘objects, relationships, attributes,
aggregation, and so forth’ to ‘relations’.

Gulya Chatbusayamas(14) has the opinion that the simple rules in mapping
the object models to tables are:

Mapping object classes to tables

- Each class maps to one or more tables.

Mapping associations to tables

- Each many-to-many association maps to a distinct table.

- Each one-to-many association maps to a distinct table or may be buried as

a foreign key in the tables for the many classes.
- Each one-to-one association maps to a distinct table or may be buried as a
foreign key in the tables for either class.

- Role names are incorporated as part of the foreign key attribute name.

- N-ary (n>2) associations map to a distinct table.

Mapping aggregation to tables.

- Follows the same rules as association.

Mapping single inheritance generalization to tables.

- The superclass and each subclass map to tables.

- No superclass table, superclass attributes are replicated for each subclass.

- No subclass table, bring all subclass attributes up to the superclass level.

She also has the opinion that the tables resulting from mapping tend to be in
the third normal form, so there would be no need for further normalization, which is a

benefit of an object modeling.
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2.7 Client-Server Architecture and Database system :

Khoshofian(17) has the opinion that a major requirement of a corporation’s
database system today is to provide uses with access to data from one or more remote
sites. This need is addressed by the client/server computing environment, which is
illustrated in figure 2.3. The responsibility of data representation and access is divided

between the client and the server.

Client , Server

Machine Machine

Figure 2.3 The client/server computing environment -
Steps in client;server architecture protocol, which is illustrated in figure 2.4,
are :

1 User queries database.
2 Client machine presents query to the server maching.
3 Database system

— accepts query

— compiles query

— selects best optimization strategies
4 Database management system

- collects the result of query

- transfers to client machine
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Machine

Query/Commands

Results

Figure 2.4 Client-server architecture protocol
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Server

Machine

Most database systems provide an application interface(API), which is used by

client application to access database stored on a remote server. The typical protocol

followed by a client machine and database server providing the API is summarized in

figure 2.5.
1 Establish a server — authorize client login
: 4
aOK
<
2 Prepare a qu
ep query >
< b Query is valid
Client Machine 3 Ask for a tuple
>
< ¢ Send a tuple
4 Ask for next tuple >
< d Send next tuple

Server Machine

1 Compile request

2 Optimize request

Figure 2.5 The typical protocol followed by a client machine and database

server providing the API.

2.SSoftware used in the research :

2.8.1 Rational Rose :

Is a product of Rational Software Corporatibn(18). It provides

support for object-oriented modeling. Rose’s model-diagram architecture
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facilitates use of the Booch’93 method, Object Modeling Technique(OMT),

and Unified Modeling Language(UML) for object-oriented analysis and

design.

Rational Rose provides the following features to facilitate the analysis

design and iterative construction of applications :

Use case analysis

Object-oriented modeling

User configurable support for Booch 93, OMT, and UML

Semantic checking

Support for controlled iterative development

Round-trip engineering

Parallel multi-user development through repository and private
support

DDL generation and integration with data modeling tools

'Forward engineering of COBRA-2 Compliant IDL

Documentation Generation

Rose scripting for integration and extensibility
OLE linking

OLE automation

Multiple platform availability
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2.8.2 Microsoft SQL Server :

Khoshofian(17) has described that SQL Server is a relational database

system supporting client/server architecture. It provides very good coverage of

client/server architecture through SQL language and programming interface

extension.

Banthit Jamornphut(19) had described that Microsoft SQL Server is a

relational database management system product of Microsoft Corporation. It

supports ‘Two-phase commit/Tight consistency’ to keep situation of data

between servers in the system by using ‘commit’ for transaction of data(which

is sent and received between servers) must be recorded in database of both

servers correctly and concurrency, or ‘roll back’ back to the same situation.

SQL Server is composed of the following components :

ISQL/W(Interactive SQL) : is used for writing statement transact-
SQL. It is able to be run on both server and client.

SQL Enterprise Manager : is used to create devices, objects,
configuration, grant users.

ODBC(Open database connectivity) : is used to replicate data to
other database system, for example, ORACLE, Access.

MS DTC(MS distributed transaction coordinator) : is used to
manage routine of transact-SQL in updating data of servers within a

same transaction.
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2.8.3 Microsoft Windows NT :

Banthit Jamornphut(20) had described that Microsoft Windows NT is

a network operating system product of Microsoft Corporation. The architecture

of Windows NT is composed of client/server architecture and layer

architecture, which is divided into 2 modes. Annop Kantikul, Porapat

Suthidara, Sajja Jaradrungraweeworn(19) had described these modes in

details :

(1) Kernal mode(NT Executive)

Is the mode of system working. It is divided into 4 parts :

a. System service : is composed of 5 components.

Security reference monitor(SRM) : for managing security.
Object manager(OM) : for creating and deleting objects :
files, devices, share memory.

Local procedure call(LPC) : for managing communication
between application(clients) and protected system(Server).
Process manager(PM) : for managing process(application in
execution) and threads(sub-components of application) to
run into processor for SMP(Symmetric multiple processing).
Virtual memory manager(VMM) : fdr protecting memory
one process from the other and managing requirements for
memory in parts of excess of RAM of the system by

swapping to hard disk.

b. Input/Output (I/O) manager : manages file system, network

equipment. It is composed of 4 components.
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- File system : for supporting operation with file system :
FAT<NTFS.

- Cache manager : for managing cache : improve access to
disk, CD-ROM efficiently.

- Network driver : for managing input/output of network.

- Device drivers : is composed of 32-bit code used to manage
hardware - interface between hardware and other
components call for using hardware.

¢. Kernel : is a lower component, used for managing interrupt,
exception handling, execution of threads, and processing.

d. Hardware abstraction layer : is a code between processor and
kernel. The function is changing code from kernel to order processors to
run operations, for example, Mage input/output, manage stack, control
interrupt.

| (2) User mode(Protected subsystems)

Is an interface between application program or subsystems(DOS,
Windows 16bit&32bit, 0S/2, POSIX/UNIX) and kemel mode. Each
subsystem has application program interface. Windows NT has

environment subsystem for applications in different environments.

2.8.4 Microsoft Visual Basic :
Is a product of Microsoft Corporation(22) which is designed for
teams of developers creating distributed, client/server or internet/intranet

application. Wisarn Kamjornwed(23) has the opinion that visual basic can be
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used to operate with other database management system(DBMS), for example,
ORACLE, SQL Server, Infomix. A program which is created for operating in a
kind of database can be changed to use another kind of database conveniently
because database is separated from commands or methods for using database.
Visual basic can be used for developing object-oriented programming because
it separates designing of user-interface from set of commands for processing,.

Tharin Sithithammasharee, Tananchai Jamnongphakdee(24) had
described that using visual basic, which basic language is used, for creating
application is followed the steps :

1 design user interface by choosing control which response
desired using application on the screen. Set position and size of the
control.

2 Write programming commands response to event happening.
For example, response to wuser, this is called °‘Event-driven

programming’

43919 | laplTIan
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CHAPTER 33

RESEARCH METHODOLOGY

3.1 Steps of Approach

Figure 3.1 Steps of approach for the study of analysis and design of computerized
unit-dose drug distribution system.
3.1.1 Review related documents :
The student will review the books and documents related to the proposed
thesis as follows:
3.1.1.1 Drug Distribution System
The student will study 2 types of drug distribution systems :
conventional and unit dose drug distribution system about definition,
operations, advantages and disadvantages , including computerized
applications used in each system.
3.1.1.2 Object-oriented methodology
The student will study about methodology, object-oriented
approach, strengths and weaknesses of objected-oriented approach,
object-oriented methodology, object modeling technique (OMT) or

Rumbaugh’s methodology, the basic object modeling concepts that are

described by Rumbaugh.
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3.1.2

3.1.1.3 Relational Data Model

The student will study about definition and terminology of
relational data model, also the process of normalization.
3.1.1.4 Relationship between object-oriented models to relational

models

The student will study about the difference between object-
oriented models and relational models, also rules in mapping the object
models to tables.
3.1.1.5 Client-server architecture and database system

The student will study about the role and importance of client-
server architecture that supports the requirement of a corporation’s
database system in providing uses with access to data from one or more
remote sites.
3.1.1.6 Software

The student will study about software used to develop the
application : Network Operating System-Microsoft Windows NT;
Relational Database Management System-Microsoft SQL Server;
Interface to user-Microsoft Visual Basic; also Computer Aid System
Engineering(CASE) tools used for object-oriented representation-
Rational Rose. |
System analysis, design & implementation

The Object Modeling Technique (OMT) strategy of system

development, which was presented by Rumbaugh(23), is as follows :
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3.1.2.1 Conceptualization

Conceive a problem to be solved and a system approach that solves it.
Make an initial cut at the problem statement by writing use cases or listing
requirements. The steps are : identifying a need from the users' viewpoint, a
general approach to meeting the need, taking into account the available
technology, market situation, resources, time available, and existing
approaches, describe the requirements, external constraints, and concept in
natural language.

? Use Cases

One way to capture a user's view of a system is to construct use cases
of the system. A use case is a category of interagtions betweén the system and
an actor (an outside object in a particular role) about a particular way or
purpose of using the system from the user's point of view. Each interaction
starts with an initial event from the actor to the system and proceeds through a
series of events between the actor, the system, and possibly other actors, until
the interaction initiated by the original event reaches its logical conclusion (this
is a matter of judgment). Some people use the word "story" to emphasize that a
use case has a beginning, a middle, and an end. An example of a use case is
presented in figure 3.2..

Follow these steps to produce a use case:

a. Determine the boundary of the system. Determine which objects are
parts of the system, which ones interact with it, and which ones are
disconnected from it. Develop the use case by considering the system itself as a

single object, that is, a black box.
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Use case : Unit-dose drug distribution system

Pharma g Invanmiy/hygdan

Patient's admission

£\

&* =P

Audjting medication

O

¢ Palignt dischage

Reporting o
O

e 2

Nurse
Patient Calculating cost and service paying

Figure 3.2 An example of a use case.

b. Determine the actors that interact with the system. An actor is one
role that outside objects play with respect to the system. Start by examining
physical objects that interact with the system, but in many cases each one plays
multiple roles. For example, a given person might be a User, an Operator, and
an Administrator of a computer operating system. Each role is a different actor.

c. For each actor, determine the fundamentally different ways in
which the actor uses the system. Each of these is a use case. It must be able to
enumerate the use cases. If there are too many, approach things at a higher
level.

d. Identify the initial event that starts each use case.



Chainarong Bauruksa Research Methodology / 38

e. Determine the termination condition that concludes the use case.
Often a use case can be approached at several different levels, so pick the level
of detail that is compatible with other use cases in the system.

f. List a prototypical scenario that describes the typical transaction.

g. If there are variations, list additional prototypical scenarios or
describe the variations in words. Feel free to use ordinary language; a use case
is not meant to be highly formal.

h. Identify and describe all the exceptions that are logically associated
with a given use case. After that, check that the set of use cases encompasses
all the functionality of the system.

3.1.2.2 Object Analysis Phase
Describe the external behavior of a system as a "black box" by building
OMT models of it in user-meaningﬁﬁ terms. The steps are :
a. Write or obtain an initial description of the problem statement.
b. Build an Object Model :
- Identify object classes.
- Begin a data dictionary containing descriptions of classes,
attributes, and association.
- Add associations between classes.
- Organize and simplify object classes using inheritance.
- Test access paths using scenarios and iterate the above steps
as necessary.
- Group classes into modules, based on close coupling and

related function.
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An example of a class diagram and a data dictionary are
presented in figure 3.3 and 3.4.
c. Develop a Dynamic Model :
- Prepare scenarios of typical interactions sequences.
An example of a scenario diagram is presented in figure 3.5.
- Identify events between objects and prepare an event trace
for each scenario.
- Prepare an event flow diagram fér the system.
An example of an event flow diagram is presented in figure 3.6.
- Develop a state diagram for each class that has important
dynamic behavior.
An example of a state diagram is presented in figure 3.7.
- Check for consistency and completeness of events shared
among the state diagrams.
d. Construct a Functional Model :
- Identify input and output values.
- Use data flow diagrams as needed to show functional
dependencies.
An example of a data flow diagram is presented in figure 3.8.
- Describe what each function does.
- Identify constraints.

- Specify optimization criteria.
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Class diagram : Unit-dose drug distribution system

Cost and service péying
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Physician

&Physician D
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Patient's treatment orders

*%Order no.
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require
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B B
Drug stock

®Drug stock ID

“oCurrent status
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1SC
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1+
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®Drug D
~¢Drug generic name
"Drug droup

Figure 3.3 An example of a class diagram.
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Data dictionary : Unit-dose drug distribution system

Logical View Report

Private Properties:

Hospital person ID

Name

Surname

Derived from Hospital pefsim

Private Properties:

Physician ID

Derived from Hospital person

Private Properties:

Pharmacist ID

. . L - s
Derived from Hospital person

Private Properties: -

Nurse ID .

Figure 3.4 An example of a data dictionary.
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Scenario diagram : Unit-dose drug distribution system
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Figure 3.5 An example of a scenario diagram.
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Event flow diagram : Unit-dose drug distribution system

Physician

Pharmacist

require— Drug stock

admit

require

record

order

generate

is_contained_in

Report Patient's drug profile-has{ Patient's freatment orders order-for Drug

require
operate_admit

is_calcukated_for

Cost and service paying

@ Profile with patient's treatment orders

is-admitted Patient
Nurse 720
review-order—
Figure 3.6 An example of an event flow diagram.
State diagram : Patient’s drug profile class
initiator
Blank proﬁle physician's orders
. Profile filled with patient's medical data
patient

Figure 3.7 An example of a state diagram.
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Data flow diagram : Unit-dose drug distribution system
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Figure 3.8 An example of a data flow diagram.
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e. Verify, iterate, and refine the three models

Add key operations that were discovered during preparation
of the functional model to the object model.

Verify that the classes, associations, attributes, and
operation are consistent and complete at the chosen level of
abstraction. Compare the three models with the problem
statement and relevant domain knowledge, and test the
models using scenarios.

Develop more detailed scenarios (including error
conditions) as variations on the basic scenarios. Use these
‘what if® scenarios to further verify the three models.

Iterate the above steps as needed to complete the analysis.

3.1.2.3 System Design Phase

Make the high-level global decisions about the system implementation,

including its overall structure. The steps are :

3.1.2.3.1

3.1.23.2

3.1.233

3.1234

3.1.23.5

3.1.2.3.6

Organize the system into subsystem.

Identify concurrency inherent in the problem.

Allocate subsystems to processors and tasks.

Choose the basic strategy for implementing data stores in
terms of data structures, files, and databases.

Identify global resources and determine mechanisms for
controlling access to them.

Choose an approach to implementing software control :
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- Use the location within the program to hold state, or
- Directly implement a state machine, or
- Use concurrent tasks.
3.1.2.3.7 Consider boundary conditions.
3.1.2.3.8 Establish trade-off priorities.
An example of system design phase is presented in figure 3.9.
3.1.2.4 Object Design Phase
Elaborate the analysis models by expanding high-level operations into
available operations. The steps are :
3.1.2.4.1 Obtain operations for the object model from the other
models :
- Find an operation for each process in the functional model.
- Define an operation for each event in the dynamic model,
depending on the implementation of control.
3.1.2.4.2 Design algorithms that minimize the cost of implementing
operations:
- Choose algorithms that minimize the cost of implementing
operations.
- Select data structures appropriate to the algorithms.
- Define new internal classes and operations as necessary.
- Assign responsibility for operations that are not clearly

associated with a single class.
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System Design of

Computerized Unit-dose Drug Distribution System

Department of Pharmacy Nongbualumphu Hospital

1 Orgahization of the system.
The system is organized into 7 subsystem :
1.1 Patient’s admission
1.2 Patient’s medication
1.3 Patient’s discharge
1.4 Auditing medication
1.5 Drug inventory
1.6 Reporting
1.7 Calculating cost and service paying

2 Identification of concurrency inherent in the problem.

Subsystem Operation time
Patient’s admission Anytime
Patient’s medication 08.00am-04.00pm
Patient’s discharge Anytime
Auditing medication Anytime

Drug inventory 08.00am-04.00pm
Reporting Anytime

Calculating cost and service paying

08.00am-12.00am

Figure 3.9 An example of system design phase.




Research Methodology / 48

Chainarong Bauruksa

3 Allocation of subsystems to processors and tasks.

Clientl main

drug distribution room drug distribution room

Server (main drug distribution room)

N

Client 2 ward

Client 3 ward Client 4 emergency

Managing clients and times to operate for each subsystem :

nurse station drug distribution room

Time Admission | Medication | Discharge | Auditing Inventory Report Cost
08.00 Client 1 Client 2 Client 3 Client 3
08.30 Client 1 Client 2 Client 3 Client 3
09.00 Client 1 Client 3 Client 3 Client 2
09.30 Client 1 Client 3 Client 3 Client 2
10.00 Client 1 Client3 | Client2/3
10.30 Client 1 Client 3 Client 3 Client 2
11.00 Client 1 Client 3 Client 3 Cﬁent 2(wk)
11.30 Client 1 Client 3 Client 3 Client 2(wk)
12.00 Client 1 Client 3 Client 3
13.00 Client 1 Client 2 Client 3 Client 3
13.30 Client 1 Client 2 Client 3 Client 3
14.00 Client 1 Client 3 Client 3 Client 2
14.30 Client 1 Client 2 Client 3 Client 3
15.00 Client 1 Client 2 Client 3 Client 3
15.30 Client 1 Client 2 Client 3 Client 3
16.00 Client 1 Client 2 Client 3 Client 3
16.00 -
08.00 Client 3

Client 4

Figure 3.9 An example of system design phase.(Continue)
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4 Implementation of data stores.

Object oriented model | Relational model
(Rational Rose) (SQL Server)
Class : Hospital person | Table:Hospital person
Hospital person ID Hospital person ID
Name Name
Surname Surname
DDL generation
(by Rational Rose)

CREATE TABLE T_Hospital person(
Hospital person ID VARCHAR(),
Name VARCHAR(),
Surname VARCHAR(),
Hospital personld NUMBER(S),
PRIMARY KEY (Hospital person ID)).

go

Figure 3.9 An example of system design phase.(Continue)
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Object oriented model
H_dept Physiclan D_group Drug
o epU_grou RL
1|1 :ﬁ

T_Paying

=HPD
g"l,'_pavlng

wori

p-orderbrne is_prodgced_as

BS0D
g‘?otal_ﬂmez ——é;:)b Is_dispansed_on
&Total_cost‘ &Routs 1
dispepse_on
0“'
Disp_fime
record&review_order %gm
&, Is_coritained_in
&DT5
®Disp_dose
Fostop_cost lsg_cost
Receive
RReD .
&Lot_no
R5T_name
Lot _unit
BExp_date A
&Rec_amoupt reduce
« 1 0.*
receive —WT; 1 -
D_stock
Is_refdred_to &DSsD
1 |&3Min_stock Stock
P 1 &Max_stock | 0.» 1[Bs0
Mih_rate |[—contains— &
. 5D isp - [=pStock
| Pharmacis{ 1 O«’ﬁ&/—mr’/——:%gl::_::::n: &stoc
&PsD require R3Req_amoupt* %ur:amount

Figure 3.9 An example of system design phase.(Continue)
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s

i

Relational model

i

B2gEE|,

Figure 3.9 An example of system design phase.(Continue)
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4 Physician_V (*) .
= Nurse_V (* )
T_Physician.PID VARCHAR() T Nurse.NID VO VARCHAR(
T_OrdersON T_OrdersON
T_Profile.AN VARCHAR | T_Profile. AN
T_H_person.HPID 0 T_H_person.HPID VARCHAR()
T_H_person.Name VARCHAR() T_H_person.Name VARCHAR()
T_H_person.Sumame VARCHAR() T H_person.Sumame  VARCHAR(
T_H_dept.HDID T_H_dept.HDID
B3 T_Physician
= E? T_Nurse
\C T_H_person o @THperson )
4 Pharmacist_V (*) R
= ' D_product_V (*) \
T_Ph ist.PsiD VARCHAR = =
 Rocaive HAD 0 T_D_product.D_product  VARCHAR(
T Re quire.quD T_D_product.Use_unit VARCHAR()
T Orde rst T_D_product.Strength VARCHAR()
T Receive.RcID T_D_product.Unit_cost VARCHAR()
TH person.HPID VARCHAR() T_D_product.Directions  VARCHAR()
T_H_person.Name VARCHAR() T_D_product.Aux_label = VARCHAR()
T_H_person.Sumame  VARCHAR() ; g°:,9ci I;‘é':g -DFID
T_H_dept.HDID
== it T_D_order.DOID
= T_Phamacist T_Drug.DID VARCHAR()
\J T_H_person ) T_Drug.Drug VARCHAR()
T_D_group.DGID
T_Patient.HN
T_Profile.AN
= T_D_product
& T_Dru
Nt Y

Figure 3.9 An example of system design phase.(Continue)
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5 Identification of global resources.

Server
e
| Hub
Llientl ent 2 l’.'lieni 3 Lﬁent 4

5.1 Computers :
5.1.1 Server : back-end file and database server
5.1.2 Client stations
5.2 LAN cable system :
10BaseT : IEEE for Ethernet on UTP
- Media Access Control : CSMA/CD
- 10 Mbps
- baseband
- UTP with Star topology
5.2.1 Network adapter card : Ethernet card
5.2.2 Network media :  unshielded-twisted pair Category 5

(22/24 AWG with impedance 100 Q.)

-

5.2.3 Connector : RJ45
5.2.4 Hub :  Ethernet Hub
(10BaseT Standard Hub)

Figure 3.9 An example of system design phase.(Continue)
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>

Controlling access from clients to server :

Client

Windows application : Front-end application from Visual Basic
l at client.
Remote data objects: Objects used by windows application

for connecting database.

LODBC : Standard communication pattern that allows
Clients’ applications to connect to server’s
database.

ODBC driver

~”SQL driver ’
l Server
SQL server

6 Implementation of software control :

6.1 Server software : File and database server
6.1.1 Network Operating System
6.1.2 Network communication software for standard network protocol
6.1.3 Driver for network adapter card

6.2 Client software :
6.2.1 Operating system
6.2.2 Network communication software for standard network protocol
6.2.3 Application Program Interface (API)

6.2.4 Driver for network adapter card

Figure 3.9 An example of system design phase.(Continue)
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3.1.2.4.3 Optimize access paths to data :

Add redundant associations to minimize access cost
and maximize convenience.

Rearrange the computation for greater efficiency.
Save derived values to avoid re-computation of

complicated expressions.

3.12.44 Implement software control by fleshing out the

approach chosen during system design.

3.1.2.4.5 Adjust class structure to increase inheritance :

v

Rearrange and adjust classes and operations to
increases inheritance.

Abstract common behavior out of groups of classes.
Use delegation to share i)ehavior where inheritance

is semantically invalid.

3.1.2.4.6 Design implementation of associations :

3.1.24.7

attributes.

Analyze the traversal of associations.
Implement each association as a distinct object or by
adding object-values attributes to one or both classes

in the association.

Determine the extract representation of object

3.1.2.4.8 Package classes and associations into modules.
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. 3.1.2.5 System Implementation

Map the design into a particular language. Coding should be a
localized process, as all the global design decisions should have been
made already. During this stage many additional "junk methods" are
added for convenience and information hiding: methods to encapsulate
attribute access, traverse associations, construct objects, and provide
convenient calls to more basic operations. It is usually best to omit
these operations from the design model as they are easily generated

automatically or programmed mechanically.

123

3.1.3 System testing
Once the application program for the new system has been developed,

the student will test the program in 4 steps :

3.1.3.1 Unit test : The student will test each unit or group of the program as

| implemented in source code.

3.1.3.2 Integration test : The student will test the program by Focusing on
design and construction of the software architecture.

3.1.3.3 Validation test : The student will test the program by validating
requirements against the software.

3.1.3.4 System test : The student will test the program and other system as a

whole.
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3.1.4 System conversion
3.1.4.1 System manual & form documenting
Once the application has been designed, the student will prepare
to create manual for using the application, including all forms that will
be used in the developed system.
3.1.4.2 User training
The new unit-dose drug distribution system, including its
computerized application, will be introduced to all users to prepare for
using, especially medical persons in department of pharmacy and nurse.
The student will describe changes and operations of the new system in
details, including computer system involved, to those users.
© 3.1.4.3 Data input
Before using the computerized application of the new unit-dose
drug distribution system, basic data of the application, for example,
names of medical persons, pharmacological data of drugs, will be input
to the application.
3.1.4.4 System conversion
The student will set a plan for system conversion. This plan
must be approved by physicians, nurses and pharmacists. After that,

begin using the developed application program for duration 1 month.



Chainarong Bauruksa Research Methodology / 58

3.1.5 Research conclusion and recommendation

Once the developed application program has been used, The student
will summarize the research and recommend for advantages and disadvantages
of the developed system.

3.1.6 Write up the thesis and system manual

3.2 Tools used for Research :

3.2.1 Hardware
3.2.1.1 File Server
(with main memory not less than 32 Mbytes)
3.2.1.2 Work Stations
: (with main memory not less than 16 Mbytes)
3.2.1.3 Equipment for Network Connectivity

3.2.2 Software

Table 3.1 Software used for the study of analysis and design of computerized unit-

dose drug distribution system.
Software Function
Rational Rose Object representation
Microsoft SQL Server Relational representation
Microsoft Windows NT Network operating system
Microsoft Visual Basic User-interface application
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CHAPTER 4

RESULTS

4.1 System Analysis, design & implementation

By using the Object Modeling Technique(OMT) , a design and development
of computerized unit-dose drug distribution system is as follows :

4.1.1 Conceptualization

A user’s view of a computerized unit-dose drug distribution system is

L

captured by ‘Use Case’, which is presented in figure 4.1

L)

v Calculating cost and service
Patient :

Figure 4.1 A use case of a computerized unit-dose drug distribution system
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From figure 4.1
4.1.1.1 Sub-system 1 : Patient’s admission
X
Det
O ——
I in-Patient Registration Updatation
S
Pt - -
In-Patient In-Ward Management
X
Nurse

Figure 4.2 A use case of a computerized unit-dose drug distribution for sub-
system 1 : Patient’s admission |
4.1.1.1.1 sub-system 1.1 : In-Patient’s registration updatation
- boundary : Updating patient’s registration data, and
sending back to be stored in Unit-Dose database.
- actors : Patient, Doctor, Nurse
- The use of system for each actor
a. Patient : is admitted to be an in-patient of the

hospital.
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b. Doctor : diagnoses patient.
c. Nurse : operates patient’s admission.
- Initial event
A patient is taken to the hospital and is diagnosed by
doctor to be stayed in the hospital.

- Termination condition

A patient is registered as an in-patient and is updated in-
patient’s data.
- The typical transaction

a. New in-patient is registeréd for hospital number and
admission number at admission center.

b. Patient is diagnosed by doctor and is admitted to
ward by nurse.

c. New in-patient’s data is updated at nurse-station’s
client in patient’s ward. After that updated data is
sent back to be stored in unit-dose database in the
another server.

- Variations
If a patient has already a hospital number, he is not

necessary registered for a new hospital number.
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4.1.1.1.2 sub-system 1.2 : In-Patient’s in-ward management

boundary : Managing an in-patient to stay in a patient’s bed
in a patient’s ward.
actors : patient, nurse
The use of system for each actor

a. Patient : is managed to stay in a patient’s bed.

b. Nurse : manages a patient’s bed.
Initial event

An in-patient is taken to a patient’s ward.
Termination condition

A patient is taken to stay in a bed in patient’s ward.
The typical transaction

a. Nurse at nurse-station’s client searches for free-
patient’s bed and choose it for new in-patient.

b. Nurse at nurse-station’s client searches for in-
patient’s registration data by using patient’s data
about hospital number, admission number or name,
and retrieves data from unit-dose database.

¢. Nurse inputs details about in-patient’s admission in
ward and send it back to be stored as in-patient
admission data in unit-dose database.

Variations

An in-patiént may be moved to another bed as required

by a nurse or a doctor for suitable reason.
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4.1.1.2 Sub-system 2 : Patient’s medication

"‘"‘l’“ o e

Doctor's order for patienf's |
% medication L —

Pharnacist

Figure 4.3 A use case of a computerized unit-dose drug distribution system for sub-
system 2 : Patient’s medication
4.1.12.1 Sub-system 2.1 : Doctor for each in-patient
- boundary
Gathering details about a doctor and an in-patient
in his responsibility.
- Actors
Patient, doctor, nurse
- The use of system for each actor
a. An in-patient is cured by doctor.
b. A doctor cures an in-patient.

c. A nurse gathers details about curing each in-

patient by doctors.

43919 4 (443
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- Initial event
A doctor diagnoses an in-patient.
- Termination condition
A patient’s doctor data is recorded by a nurse.
- The typical transaction
a. nurse retrieves in-patient’s data.
b. Nurse inputs doctor’s data for each in-
patient.
- Variations

- The exceptions

4.1.1.2.2 Sub-system 2.2 : Patient’s diagnosis
- boundary
Gathering details about a doctor and his
diagnosis for an in-patient in his responsibility.
- Actors
Patient, doctor, nurse
- The use of system for each actor
a. An in-patient is diagnosed by doctor.
b. A doctor diagnoses an in-patient.
c. A nurse gathers details about diagnosis each
in-patient by doctors.
- Initial event

An in-patient is diagnosed by doctor.
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4.1.1.2.3

Termination condition

A diagnosﬁc result is recorded by a nurse.

The typical transaction
a. Nurse retrieves in-patient’s data.
b. Nurse inputs diagnostic data about doctor,

ICD10 and specialty.

Variations

The exceptions

sub-system 2.3 : Patient’s operation
- boundary
Gathering details about a doctor and his
operation for an in-patient in his responsibility.
- Actors
Patient, doctor, nurse
- The use of system for each actor
a. An in-patient is operated by doctor.
b. A doctor operates an in-patient.
c. A nurse gathers details about an operation for
each in-patient by dottors.
- Initial event
An in-patient is operated by doctor.
- Termination condition

An operation data is recorded by a nurse.
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- The typical transaction
a. Nurse retrieves in-patient’s data.
b. Nurse inputs operation data about date, time,
doctor and ICD9CM.
- Variations
- The exceptions
4.1.1.2.4 Sub-system 2.4 : Patient’s death
- boundary
Gathering details about a doctor and his
diagnosis for death ofan in-patient in his responsibility.
- Actors

Patient, doctor, nurse

L&)

- The use of system for each actor
a. A dead in-patient is diagnosed by doctor.
b. A doctor diagnoses a dead in-patiept.
c. A nurse gathers details about diagnosis for a
death of each in-patient by doctors.
- Initial event
A dead in-patient is diagnosed by doctor.
-~ Termination condition
Diagnosis of a dead in-patient data is recorded by
a nurse.
: - The typical transaction

- a. Nurse retrieves in-patient’s data.
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b. Nurse inputs death-diagnostic data about
ICD10 and specialty.
- Variations

- The exceptions

4.1.12.5 sub-system 2.5 :"Doctor’s orders for patient’s medication
- boundary
Gathering details about a doctor and his
diagnosis for death of an in-patient in his responsibility.
- Actors
Patient, doctor, nurse |
- The use of system for each actor

a. An in-;;atient is ordered for drug and service
medication by doctor.

b. A doctor orders drugs and services
medication.

c. A pharmacist / nurse gathers details about
drug and service medication of each in-
patient by doctors.

- Initial event
An in-patient is ordered for medication by
doctor.
- Termination condition

Medication is recorded by a pharmacist / nurse.
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- The typical transaction

a. Nurse / Pharmacist retrieves in-patient’s data.

b.

d

Nurse / Pharmacist inputs details about
doctor’s order for patient’s medication.

Nurse / Pharmacist chooses doctor’s order
type : Order for drugs is recorded by a
pharmacist.(Pharmacist chooses drug’s order
type : Order for one day, Order for
continuous, Order for home medication),
Order for other services is recorded by a
nurse.

Nurse / Pharmacist records doctor’s order for

each in-patient.

- Variations

Order for drugs, which is recorded by a

pharmacist, must be approved by another pharmacist.

- The exceptions

4.1.1.3 Subsystem 3 : Patient’s discharge

O X

Patient's Out-Ward Management Det

TR = %

Patient's Discharge Updatation Nurse

Figure 4.4 A use case of a compliterized unit-dose drug distribution system for

sub-system 3 : Patient’s discharge



Faculty of Engineering, Mahidol University ~M.Sc.(Tech. of inform.sys.manag) / 69

4.1.1.3.1 Sub-system 3.1 : Patient’s out-ward management
- boundary
Managing an in-patient to be moved out of an
old patient’s bed in a patient’s ward.
- actors
patient, nurse
- The use of system for each actor
a. Patient : is managed to be moved out of an
old patient’s bed.
b. Nurse : manages a movement of a patient
from an old bed.
- Initial event
An in-patient is determined to be moved from an
old patient’s bed.
- Termination condition
An in-patient is moved out of an old bed in
patient’s ward.
- The typical transaction
a. Nurse retrieves in-ward in-patient’s data.
b. Nurse updates in-ward in-patient’s data about
date and time i;l-patient is taken out of ward.
- Variations

- The exceptions



(¥}

Chainarong Bauruksa Results / 7

4.1.1.3.2 Sub-system 3.2 : Patient’s discharge updatation
- boundary
Retrieving patient’s discharge data from Stat-2
database , updating and sending back to be stored in
unit-dose database.
- actors
Patient, Doctor, Nurse
- The use of system for each actor
a. Patient : is discharged from the hospital.
b. Doctor : discharges patient.
c¢. Nurse : operates patient’s discharge.
- Initial event

A patient is diagnosed by doctor to be
discharged from the hospital.
- Termination condition

A patient is discharge-registered from the
hospital and is updated in-patient’s data.
- The typical transaction

a. Nurse retrieves in-ward in-patient’s data.

b. Nurse updates in-patient’s registration data
about date and time in-patient is discharged
from hospital.

- Variations

- The exceptions
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4.1.1.4 Sub-system 4 : Drug inventory

o

'

Drug Requirement

C

Phamacist

NAN==

Drug Receive

s

Drug Dispensing

w0

Drug Inventory Balance

Figure 4.5 A use case of a computerized unit-dose drug distribution system for sub-

»

system 4 : Drug Inventory

4.1.1.4.1 Sub-system 4.1 : Drug requirement

- Boundary

Creating a drug requirement note and sending to
main stock for drug requirement of a unit-dose sub-
stock.
- Actors

Pharmacist
- The use of system for each actor

A pharmacist generates®a drug requirement note
by using an inventory data of a unit-dose sub-stock.
- Initial event

A pharmacist searches for a drug which is

required for a unit-dose sub-stock.
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Termination condition

A drug requirement note is sent to main stock.

The typical transaction

a. Pharmacist searches for required drugs by
using report of inventory drug with quantity
on hand is lower than minimum level.

b. Pharmacist inputs details about required drug
note and required drugs.

c. Pharmacist prints required drug note and
sends to main stock.

Variations

- The exceptions

4.1.1.4.2 Sub-system 4.2 : Drug receive

1

Boundary

Receive drugs following a receiving_ note from
main stock, refer to a drug requirement note and keeping
those drugs in a unit-dose sub-stock. Including updating
an inventory data of a unit-dose sub-stock.

- Actors

Pharmacist
- The use of system for each actor

A pharmacist receives required drugs from main

stock, generates a drug receiving note refer to a drug
/



Faculty of Engineering, Mahidol University =~ M.Sc.(Tech. of inform.sys.manag) / 73

requirement note, up&ates an inventory data, and keeps
those receiving drugs in a unit-dose sub-stock.
- Initial event
A pharmacist receives required drugs from main
stock.
- Termination condition
A pharmacist keep received drugs in a unit-dose
sub-stock.
- The typical transaction

a. Pharmacist receives drugs and required drug
note from main stock

b. Pharmacist inputs details about required drug
note and required drugs in received drug
note.

c. Pharmacist updates inventory data.

d. Pharmacist prints received drug note for
keeping received drugs in unit-dose sub-
stock.

- Variations
- Thé exceptions
4.1.143 Sub-system'4.3 : Drug dispensing
- Boundary
Creating drug dispensing note (following a

doctor’s order for drugs for each in-patient), getting
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those drugs out of a unit-dose sub-stock. Including
updating an inventory data of a unit-dose sub-stock.
Actors

Pharmacist, nurse
The use of system for each actor

A nurse confirms a doctor’s order for drugs,
“which is recorded by a pharmacist.
Initial event

A nurse retrieves data about a doctor’s order for
drugs.
Termination condition

A nurse confirms those data about a doctor’s
order for drugs.
The typical transaction

After details of doctor’s order for drugs is
confirmed by nurse, a drug dispensing note is
generated and an inventory data about dispensed
drugs are updated automatically.
Variations

The exceptions

4.1.1.4.4 Sub-system 4.4 : Drug inventory balance

Boundary

Creating a drug balance note for updating an

inventory data of a unit-dose sub-stock.
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- Actors

Pharmacist
- The use of system for each actor
A pharmacist generates a drug balance note by
using an inventory data of a unit-dose sub-stock.
- Initial event
A pharmacist searches for a drug which is
imbalance with an inventory data of a unit-dose sub-
stock.
- Termination ct;ndiﬁon
" A drug balance note is generated.

- The typical transaction

L2

a. Pharmacist searches for imbalance data
between real drug stock and inventory unit-
dose sub-stock data .
b. Pharmacist inputs details to update inventory
data to be a real drug stock.
- Variations
- The exceptions
4.1.1.5 Sub-system 5 : Reporting :
g2

Pharamcist Reporting Nurse

Figure 4.6 A use case of a computerized unit-dose drug distribution system for sub-

- system 5 :Report
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- boundary
Generating a required report following a given

parameter.

Actors
Nurse, pharmacist
- The use of system for each actor
Nurse / pharmacist inputs a parameter to generate a
required report.
- Initial event
Nurse / pharmacist inputs a parameter.
- Termination condition
A required report is generated.
- The typical transaction
a. Nurse / Pharmacist choose required type of reports.
b. Nurse / Pharmacist inpufs details about required
reports to be displayed.
c. Nurse / Pharmacist views desired reports and prints .

4.1.1.6 Sub-system 6 : Calculating Cost
O 'O‘ %
1 Cost for Patient's room & bed

Patient > - Nurse

Cost for patient's drug dispensing

Figure 4.7 A use case of a computerized unit-dose drug distribution system for sub-

system 6 : Calculating Cost
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4.1.1.6.1 Sub-system 6.1 : Cost for Patient’s room & bed

Boundary
Creating a cost note for patient’s room énd bed.
Actors
Nurse, patient
The use of system for each actor
a. A nurse generates a cost note for patient’s
room and bed.
b. A patient receives that cost note and uses it
for paying.
Initial event
An in-patient is moved from his old bed.
Termination condition
An in-patient receives a cost note for patient’s
room and bed.
The typical transaction
a. Nurse generates cost note.
b. Nurse retrieves about in-ward in-patient data.
c. Nurse updates in-ward in-patient’s data with
cost note. =
d. Nurse views or prints cost note (as require).

e. Nurse gives that note to an in-patient.
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Sub-system 6.2 : Cost for patient’s drug dispensing
Boundary
Creating a cost note for patienf’s drug
dispensing.
Actors
Nurse, patient
The use of system for each actor
a. A nurse generates a cost note for patient’s
drug dispensing.
b. A patient receives cost note and pay for it.
Initial event
An in-patient is receiving drugs following a
doctor’s order.
Termination condition
An in-patient receives a cost note for patient’s
drug dispensing.
The typical transaction
a. Nurse generates cost note.
b. Nurse retrieves about doctor’s order for in-
patient’s medication.
¢. Nurse updates doctor’s order for in-patient’s
medication with cost note.
d. Nurse views or prints cost note (as require).

e. Nurse gives that note to an in-patient.
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4.1.1.7 Sub-system 7 : Base data

§——>—%

Base Data

Pharamcist Nurse

Figure 4.8 A use case of a computerized unit-dose drug distribution system for sub-
system 7 : Base Data
- boundary
Creating base data for a computerized unit dose drug
distribution system.
- Actors
Nurse, pharmacist
- The use of system for each actor
Nurse / pharmacist generates base data which is
necessary for a computerized unit dose drug distribution
system.
- Initial event
Nurse / pharmacist cannot find required base data
- Termination condition
Required base data is generated.
- The typical transaction
a. Nurse / pharmacist searches for required base data
but cannot find.

b. Nurse / pharmacist generates required base data.
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This phase describes the external behavior of a system by using OMT

models, which are created from use-case in the previous phase.

4.1.2.1 Object Model

4.1.2.1.1 Class diagram

Class diagrams contain icons representing classes. These

diagrams show the relationship between classes, association,

inheritance of classes. Each class diagram provides a logical

view of the model, displaying icons representing logical

packages, classes, and relationships contained in the model.

Sub-system 1 : Patient’s admission

- Sub-system 1.1 : Patient’s registration updatation

Pt
Pt

PName AN
%mm «——In_pt———— SRgIDT
&LName &PreDiag
&BrthDT &DchDT
&DthDT &Weight
SNMate &PtTypeCardNo
St o
LSt

Ptj'ype IPt_Type

PfType |
%HType

®0——In_Ward > Ward
RfrL.
@——Refer_fro. ot
0— Dct_IPt o Dt
&——Nuy IPt———> Nu

RfrCs
Refer_from_Cs—»O|&RfrCs
EHRCName

Figure 4.9 A class diagram of a computerized unit-dose drug distribution system for

sub-system 1.1 : Patient’s registration updatation
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- Sub-system 1.2 : Patient’s in-ward management

Pt |«—iPt Adm—® IPtAdm lo—/piadm_Nu— - NU
EpAN
&RgtDT
%Premag )
DchDT
EWeight yCnt l@—/Pt BedType——»-| BedType
&PiTypeCardNo T EBedType
ERgtTM EBTName
BDch jﬂ Rate |
- Rept |
PaIdSt | o paidst 1PtAdm IPtAdm_Rcpt—»-O{@ReptNo
&PaidSt : E5ReptDT
@PSName @ ReptTM

Figure 4.10 A class diagram of a computerized unit-dose drug distribution system for
sub-system 1.2 : Patient’s in-ward management
Sub-system 2 : Patient’s medication

- Sub-system 2.1 : Doctor for each in-patient

IPt
AN
&RgtbT
&PreDiag
&DchDT
&Weight
E»PtTypeCardNo
fHRgtT™M
&DchT™

Dct

Figure 4.11 A class diagram of a computerized unit-dose drug distribution system for

_sub-system 2.1 : Patient’s medication

- Sub-system 2.2 : Patient’s diagnosis

Dot
R Dct_IPtDiag
&AN
&RotDT
%&i%?rg ICD10
) <¢——IPt_Diag &ICD10
&Weight &ICD10Name
%ﬁTypeOardNo
RgtT™M
&DchTM
Speity IPtDiag
&zpcllv
plety
&SpName

Figure 4.12 A class diagram of a computerized unit-dose drug distribution system for

sub-system 2.2 : Patient’s diagnosis
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- Sub-system 2.3 : Patient’s operation

Pt

EoRgtDT
EPreDiag
&DchDT

«—iPt Op

EpWeight

EpRotT™
&sDchT

Figure 4.13 A class diagram of a computerized unit-dose drug distribution system for

sub-system 2.3 : Patient’s

EoP{TypeCardNo

operation

Dct

1PtOprt_Dct

B IPIOprDT®—/PIOpILICDICH>
GoAN |

&IPtOpiTM

ICD8CM

- Sub-system 2.4 : Patient’s death

Figure 4.14 A class diagram of a computerized unit-dose drug distribution system for

sub-system 2.3 : Patient’s death

- Sub-system2.5:Doctor’s orders for patient’s medication

1Pt

EHAN
ERotDT
&PreDiag
&DchDT
&Weight

&RgtTM
&DchT™

& PtTypeCardNo

PtType_Prsc

PtType

&PtType
&PTName

Figure 4.15 A class diagram of a computerized unit-dose drug distribution system for

%zpcliy

plcty

£»SpName

Spcity_IPtDeath

[Ix

e

& PreDiag &AN

&DchDT

E»Weight

&HPtTypeCardNo

& RgtTv

&DchTv

| Nu
| Ps
Prsc_[cht PaidStt_Prsc
Y
Rept PaidSt
&RcptNo ByPaldSt
GReptDT &PSName)
&Rcpt™

@moscm

ICD9Name

{CD10._{PtDeath—»

ICD10

&ICD10 '

ECD10Nams

sub-system 2.5 : Doctor’s orders for patient’s medication : Prescription
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Ps d—
PS_PrscDt PrscDt  ———PrscDtiNY—— INV
£PrscQty &)QtyOnHand
%PrscNo -%A\tlggmtgost
Meditem en
&pSaleRate £HReOrderQty
ESRfmdAmt :%l\\ﬂinLevel
Dose axLevel
topDT BHRateUsePerMonth
£HNoOfDays &SpecialCode
EPDITMY £5SaleUnit
E5PDITM2
&PDITM3
Prsc %PDH’M‘; Frequency
Prsc—bt———& &PDITM5 ®——— PrscFregq——f—— 9 |
-%Erscl;_?_ - &HPDITMG - &Frequency
‘,%D"“‘.]"N ' £5StopT™ &Timet
ailynote EPrscDT £5Time2
'%SDSGA"“ EyFrequency £HTime3
EgSOtpDT £50rderType E5Timed
EPrscT™ &Times
EHSOtpTM & Times

Figure 4.16 A class diagram of a computerized unit-dose drug distribution system for

sub-system 2.5 : Doctor’s orders for patient’s medication : Order for Drugs and

Services

Ps

Prsc

B5PrscNo
&PrscDT
&pDailyNote
&DscAmt
£80tpDT
BoPrscT™
&SOtpT™

Figure 4.17 A class diagram of a computerized unit-dose drug distribution system for

sub-system 2.5 : Doctor’s orders for patient’s medication : Order for Drugs with Errors

S_FTSCi

ErrPrscDt COt-INY-— INV
&PrscQty £HQtyOnHand
&PrscNo E5AvgUnitCost
EsMeditem &QtyPend
&SaleRate £5ReOrderQty
EpRfmdAmt &MinLevel
£5Dose MaxLevel
&StopDT &RateUsePerMonth
&5NoOfDays £5SpecialCode
S5PDtTM1 &SaleUnit
E5PDtTM2
%PDtTMa
LHPDITM4
&5PDLTM5 & PrscFreq Frequency
&PDITME | — &Frequency
&Frequency £Time1
&5StopTM £5Time2
&PDIDT %{_:mei

me
£0rderType & Times
£5Time6




Chainarong Bauruksa Results / 84

Subsystem 3 : Patient’s discharge
- Sub-system 3.1 : Patient’s out-ward management

- Sub-system 3.2 : Patient’s discharge updatation

Rirlct Dehstts |
&Dchstis
&,DSName
| _RiCs | DchType |
GHRICs &DchType
&RCName &DTName

Figure 4.18 A class diagram of a computerized unit-dose drug distribution system for

sub-system 3.2 : Patient’s discharge updatation .
Sub-system 4 : Drug inventory

- Sub-system 4.1 : Drug requirement

&G On'Nl_‘;n e MRqtDt_Sinp—»| Q’:‘:”m

&»AvgUnitCost &Lt
Pend &SinpDT

&HReOrderQty ENote .

&sMinLevel &ShpTM

&sMaxLevel

&HRateUsePerMonth

& SpecialCode

& SaleUnit

Sinp_Type Sinp_SPhmLct

Ratlct ShhpType SPhrrict

&»SinpType
&>SinpName

Figure 4.19 A class diagram of a computerized unit-dose drug distribution system for

sub-system 4.1 : Drug requirement
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- Sub-system 4.2 : Drug received for unit-dose sub-

stock Meditem
ExMeditem
ame Sinp
&L

&pMedForm

ct
g B
&MedUsage Q;vg;lpT
£pSaleRate
&MaxRnd
EMaxDscnt

INV

&QtyoOnHand -
&#AvgUnitCost
&>QtyPend
&ReOrderQty
&SMinLevel
EMaxLevel
&5RateUsePerMonth
&SpecialCode

|&SaleUnit

Figure 4.20 A class diagram of a computerized unit-dose drug distribution system for
sub-system 4.2 : Drug received for unit-dose sub-stock

- Sub-system 4.3 : Drug dispensing

Q‘m;:r:' %ssc::ome '
E5MTName &SOtpName
& MedUnit
&MedForm
ckQty
%Stoy:g: SOtp_Type
5 ge | S—
%Sabﬂate
MaxRfnd
i SOtp_Dt SOtp_SPhmLct
% SPhmlct
INV SotpDt
®Qyonrand | SOPDLINV O Srdty
&AvgUnitCost &\ct SOtpNote
&QtyOnPend gsopNo | SOt Nofe et
%R&ﬁen?_rderlaty E>Medltem &Lct
evel &:0tpDT
VaxLevel %sogg;-b
EbRateUsePeriMonth
& SpecilCode
&SaleUnit

Figure 4.21 A class diagram of a computerized unit-dose drug distribution system for

sub-system 4.3 : Drug dispensing
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Sub-system 5 : Report
- Sub-system 5.1 : Patient report

- Sub-system 5.2 : Drug dispensing report

Nu g Nuy_incOth———=]  IncOth |@———Pt_incOth > %H;t
&HN
%{noothm %m:;‘:
ncome
Sra garict
PaldSt o  paidst incOth——e|& calamt E5DthDT
&Paidst &5 DscAmt %\\BlllatedG
PSName »BloodGip
% %RmnAmt lergy
NoOfltems @MRLSI
[ $ T
Rept
%chtNo «——Rept_ncOth————!
ReptDT
& ReptTM
PtType Income |
&PtType | FAType_incOth B %‘nwme
ICName
&5PTNam F v

Figure 4.22 A class diagram of a computerized unit-dose drug distribution system for
sub-system 5.1.6 : Value of Patient’s Medication
Sub-system 6 : Cost

- Sub-system 6.1 : Cost for Patient’s room & bed

PtAdm
&InDT
&AN
&RoomNo
&»BedNo
&DayCnt
&outDT

PtType chtSt
@PiType PtType_Rc; cpt St > BpRoptst
&PTName &RsName

Figure 4.23 A class diagram of a computerized unit-dose drug distribution system for

sub-system 6.1 : Cost for Patient’s room & bed
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- Sub-system 6.2 : Cost for patient’s drug dispensing

Prsc

&PrscNo
&PrscDT
&DailyNote
&DscAmt
&»sotpDT
&Prsc™
&SOotpT™

PtType

&PtType
&PTName

ReptSt

&Reptst |
&RSName

<—PtType_Rept

Figure 4.24 A class diagram of a computerized unit-dose drug distribution system for
sub-system 6.2 : Cost for patient’s drug dispensing
Sub-system 7 : Base data

5 - Sub-system 7.1 : Personal data

Stf

&ystf
&SPName
&sSFName
&>SLName
&5StfType
&l evel
&LcNo
&DspName

MainPst

&MainPst
&MPName|

Stf_MainPst £

Ps Nu Dct

Figure 4.25 A class diagram of a computerized unit-dose drug distribution system for

sub-system 7.1 : Personal data
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- Sub-system 7.2 : Department data

Let

Dpm ]
| it
&Dpm  (Oe———Lct Dpm B ctPi
£5DpmPix &l ctName
&yDpmName &L ctType

&DspName
IDpm \
Y.
Vet Ratict SPhmLct RirLct

Figure 4.26 A class diagram of a computerized unit-dose drug distribution system for
sub-system 7.2 : Department data

- Sub-system 7.3 : Diagnostic data

5 IcbscM |
&ICDICM
&5ICD9Name
) Spclty
&ICD10 1CD1 O_Spclty———bow_,
&ICD10Name e

Figure 4.27 A class diagram of a computerized unit-dose drug distribution system for
sub-system 7.3 : Diagnostic data

- Sub-system 74 Discharge data

RfiCs | DchStts | DchType
&RirCs &:Dchstts &DchType
&RCName &yDSName &DTName

Figure 4.28 A class diagram of a computerized unit-dose drug distribution system for

sub-system 7.4 : Discharge data



by

Faculty of Engineering, Mahidol University ~M.Sc.(Tech. of inform.sys.manag) / 89

- Sub-system 7.5 : Payment data

g"‘"yl’e Paidst |
PaidSt

%::{‘f"‘e %PSName
l htt

%im Rt PAType———— >

B5PTName &5RName

A ReptSt —m—;:—:—:;—

E5ReptSt | CName
&RSName E5DtThl

Figure 4.29 A class diagram of a computerized unit-dose drug distribution system for

sub-system 7.5 : Payment data

- Sub-system 7.6 : Dispehsing data

Frequency
& Frequency
&sTime1
E5Time2
&Time3
&Time4
& Time5
&Times

Figure 4.30 A class diagram of a computerized unit-dose drug distribution system for
sub-system 7.6 : Dispensing data

- Sub-system 7.7 :. Drug data

income .|| Meditem -
b~ Lt Meditel CO, 1
&lncome Qe (ncom EsMeditern
&iCName E5MITName
D1l _| &MedUnit
dForm
&PackQly
torage
&MedUsage
&5SaleRate
S
@IﬂpType
@lnEName
INV = StockCard
— — t4INV_SlckCard-{m7————1
&QyOnHand = E5NewQOH
& AvgUnitCost &s01dQoH
&QtyPend EhctiveQ
SOtpType &ReOrderQly EMeditsm
& sopType| MinLevel &CalDato
&SOtpName EMaxLeve! &CalTime
& RatoUsePeriMonth &Rsstis
&SpecialCode &lal OJ
&SalsUni EpRSN

Figure 4.31 A class diagram of a computerized unit-dose drug distribution system for

sub-system 7.7 : Drug data
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4.1.2.1.2 Data Dictionary

A data dictionary contains descriptions of classes attributes and

associations.

Logical view ICD10 DchType

Private Properties: Private Properties:
Ward

ICD10: DchType :
Derived from IDpm

ICD10Name : DTName :
IDpm

Spclty PtType
Derived from Dpm

Private Properties: Private Properties:
RfrLct Spclty : PtType :
Derived from Lect SpName : PTName :
SPhmLect RfrCs Rightt
Derived from Lct Private Properties: Private Properties:

RfrCs : Rightt :
RqtLct

RCName : RName :
Derived from Lct

DchStts BedType
ICD9CM

Private Properties: Private Properties:
Private Properties:

DchStts : BedType :
ICD9CM :

DSName : BTName :
ICD9Name :

Rate :

Figure 4.32 A data dictionary of a class diagram of a computerized unit-dose

drug distribution system
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PaidSt

Private Properties:

PaidSt :

PSName :

RcptSt

Private Properties:

ReptSt :

RSName :

Income

Private Properties:

Income :
ICName :

DtThbl :

Frequency

Private Properties:

Frequency :
Timel :
Time2 :
Time3 :
Time4 :
TimeS :

Time6 :

MedItem

Private Properties:

Medltem :
MITName :
MedUnit :
MedForm :
PackQty :
Storage :
MedUsage :
SaleRate :
MaxRfnd :

MaxDscnt :

SInpType

Private Properties:

SInpType :

SInpName :

SOtpType

Private Properties:

SOtpType :

SOtpName :

Income

Private Properties:

Income :
ICName :

DtThbl :

INV Derived from

Medltem

Private Properties:
QtyOnHand :
AvgUnitCost :
QtyPend :
ReOrderQty :
MinLevel :

MaxLevel :

StockCard

Private Properties:
NewQOH :
OIdQOH :

ActiveQ :

Medltem :

CalDate :

CalTime :

RSStts :

Lct:

RSNo :

Figure 4.32 A data dictionary of a class diagram of a computerized unit-dose

drug distribution system(continue)
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Pt

Private Properties:
HN :
PName :
FName :
LName :
BrthDT :
DthDT :
Mate :
BloodGrp :
Allergy :
MrtLSt

IPt

Private Properties:
AN:

RgtDT :

PreDiag :

DchDT :

Weight :
PtTypeCardNo :
RgtTM :

DchTM :

IPtAdm

Private Properties:
InDT :

AN:

RoomNo :

BedNo :

DayCnt :

OutDT :

InTM :

OlItTM s

IPtDct

Private Properties:

FDT:

LDT:

AN:

FIM:

LTM:

IPtDiag

Private Properties:

ItemNo :

AN :

Results / 92

IPtOprt

Private Properties:
IPtOprtDT :

AN:

IPtOprtTM :

IPtDeath
Private Properties:
ItemNo :

AN :

Prsc

Private Properﬁes:
PrscNo :

PrscDT :
DailyNote :
DscAmt :

SOtpDT :

PrscTM :

SOtpTM :

Figure 4.32 A data dictionary of a class diagram of a computerized unit-dose

drug distribution system (continue)
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PrscDt PrscQty :
Private Properties: PrscNo :
Ptchty . Medltem :
PrscNo ¢ SaleRate :
Medltem : RfmdAmt :
SaleRate : Dose :
Private Properties:
RfmdAmt : StopDT :
Let:
Dose : NOOfDays 5
MOtpNo :
StopDT . PDtTMl g
Note :
NoOfDays : PD{TM2 :
RqtDT :
PD{TMI : PDtTM3 :
RqtTM :
PD{TM?2 : PDtTM4 :
PD{TM3 : PDtTMS5 : MRqtDt
PDt{TM4 : PDtTM6 : Private Properties:
PDtTMS : Frequency : Let:
PDtTM6 : StopTM : RqtDT :
StopTM : PD{DT : MedItem :
PrscDT : OrderType : PackQty :
F : RqtQty :
requency SInp qtQty
OrderType : RqtTM :
Private Properties:
ErrPrscDt SInpNo : SInpDt
Private Properties: Let: Private Properties:

Figure 4.32 A data dictionary of a class diagram of a computerized unit-dose
drug distribution system (continue)

43919



Chainarong Bauruksa Results / 94
Let: SOtpNo : Income :
SInpNo : MedItem : ReptAmt :
Medltem : OtpDT : IncOthTM :

CalAmt :
SOtp SOtpNote

DscAmt :
Private Properties: Private Properties:

RmnAmt :
SOtpNo : Note : '

NoOfltems :
Let: Let:
OtpDT : SOtpNo :
OtpTM : OtpDT : Rept

Private Properties:
SOtpDt IncOth

ReptNo :
Private Properties: Private Properties:

ReptDT :
OtpQty : HN:

ReptTM .
Let: IncOthDT :

Figure 4.32 A data dictionary of a class diagram of a computerized unit-dose

drug distribution system (continue)

4.1.2.2 Dynamic Model

4.1.2.2.1 Scenario Diagram

A scenario diagram 'represents the relative time that the flow of
control is focused in an object thereby representing the time an object is

deirecting messages.
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1Pt Pt Ward Rfrlct Det Nu PtType RfrCS

is_admission_registered to

I

[ 2:is cl;ut-patient relglstered

] 3: is_admitted_into |

|

4: is_ref ered_l_f rom

/

-/

|

|

|

|

[ __pre'-dlagnosed_b
T

A

[ |
6: Is_aldmlssion_Toperated_b

I

|

|

|

I

I

I

I

I

I 1

I [ U
| |

:Is_in-paﬁlent_reglsterled_wit :

I |

I

|

I

|

I

|

I

/

|
8: Isr_ref ered_betlzause_o

[

I
I
I
I
I
I
|
|
I
I
|
:
I
|
I

- — =}~y — O - -
_——— e ———

— —— — — i o "] e}

| |
| |
I |
| |
I |

Figure 4.33 A scenario diagram of a computerized unit-dose drug distribution system

for sub-system 1.1 : Patient’s admission
IPAdm Pt Nu BedType  PaidSt Rept

1:Is_admitted |
|
! 2:1s_taken_into_bed_by

B |
T

|
I
I
I
I
3:Iis__in_bed_wlith H

-t

|
I
I
I
I
I
|
4: hés_adrn‘sslor; |_paid-status_as ﬂ

| ¥

1D I I

| | 5: has_beerln_calculated_fcln_cost__as
U

|

|

I

|

|
I I I I
I | I |
I I I I
I I I I

Figure 4.34 A scenario diagram of a computerized unit-dose drug distribution system

for sub-system 1.2 : Patient’s in-ward management
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1: is_cured_by
IA 2 c:ure
! |
| |
| l l

) I f . I, e eg e
Figure 4.35 A scenario diagram of a computerized unit-dose drug distribution system

for sub-system 2.1 ; Doctor forIn-Patient
IPtDiag IPt Dct IcD10 Spelty

W Is_dlagnoseld !

|

2: diagnose
- T l

|
3:is_diagnosed_a

_: [:|

4; is_diagposed_as

i
1

A

D: |

Figure 4.36 A scenario diagram of a coﬂnputerized unit-dose drug distribution system

e ]

for sub-system 2.2 : Patient’s Diagnosis

{PtOprt 1Pt Det ICDSCM

I 1: is_operated | |

|
|
|
|
|
|
| |3: is_operated_as ﬂ
I
|
]

I
| I
l |
I I
| t
Figure 4.37 A scenario diagram of a computerized unit-dose drug distribution system

for sub-system 2.4 : Patient’s Operation
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- {PtDeath IPt icb10 Spcity
1: Is_dead I
i) g N
2: is_death-giagnosed_as

3: i§_dead-diagnosed_;

|

Figure 4.38 A scenario diagram of a computerized unit-dose drug distribution system

for sub-system 2.5 : Patient’s Dead diagnosis

A

/ Prsc 1Pt PtType PaidSt Nu Ps Rept
- I | I | I I |
I | | I I | I
1:Is_prescribed | | I I I
I H I I I I I
I I | I | I
l 2: Is_pres.:zdbed_vdthﬂ : : : :
- I

LI' | | I |
] B 3: has _pald-sbtus as | | |
i I U |- I |
L 4:; opelate | | I
[ | D | |
1 I S record | 1 I
I I U |
s I
|

I
I I
I I

|
I
I
I I
| 6:is mlculated |_for_cost _a
I I I
I I
| I
| I

|
| |
I |
I |

—— e T—

Figure 4.39 A scenario diagram of a computerized unit-dose drug distribution system

for sub-system 2.6 : Patient’s Medication : Prescription
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PrscDt Prsc Ps Frequency NV

I

3: is_prescribed_as| -

[}

4: Is_prescribed I

Figure 4.40 A scenario diagram of a computerized unit-dose drug distribution system

for sub-system 2.6 : Patient’s Medication : Order for Drugs and Services

ErtPrseDt Prsc Ps Frequency INV
: Is_prescribed_fol
2 cleck
i
3: is_prescribed_as
4: is_prgscribed II
L

Figure 4.41 A scenario diagram of a computerized unit-dose drug distribution system

for sub-system 2.6 : Patient’s Medication : Order for Drugs and Services with Error
Pt DehSts DehType RirLct RFCs

1;is_discharged_with

I
I
|‘ 2:is discharged as j

| 3:1s_refered_to

I

I

I

I

I

|

I

| I I | .

Figure 4.42 A scenario diagram of a computerized unit-dose drug distribution system

I

I

I

I

|

-

4is, referedI bacause_of .
|

I

I

I

I F
I I
| I

—— O — O 13

for sub-system 3 : Patient’s discharge
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MRqtDt MRqt Rqtlct INV Sinp SinpType SPhmlLct

{ | 1: croate M I
| ! | l |
2: require |
U |

} |
|

I

| I
3: is_required

3
&
=
]
]

8: create

|

|

|

|
| |
L | |
| I T I
. | |
| | |
| | cundwin | |
I | |
L | |
L | |

| ;
.

|
I
I I
Figure 4.42 A scenario diagram of a computerized unit-dose drug distribution system

or sub-system 4.1 : Drug requirement

SinpDt Slinp INV StockCand

Figure 4.43 A scenario diagram of 4 computerized unit-ddse drug distribution system

for sub-system 4.2 : Drug receive

SOfp SPhmicSOtpType SOipNote SOtpDt INV StockCard
1: create I I
I |
2:has |
I |
[ I3: note l
I

is_dispensed

W

| |
| I
I |
| |
I I
g |
L I
I I
D 6: record |
|

I I
1 [

I
I
I
Rk
4; dIspense I'|J
|
T I |
I I I
| I I
I I I
I | I
| | |

Figure 4.44 A scenario diagram of a computerized unit-dose drug distribution system

for sub-system 4.3 : Drug dispense
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IncOth Pt Nu PaidSt Rept PtType Income
I | o |
il I I | | I
I I I |
| 2: record | l I l
0 I I | I I
| | 3. has I | |
i i i n | | |
B 4: ba | : I
T
|-|r|< has U | :
I
0
| | J
| I
I | I
I I |

I I
& |
| |
| 4 | 6: has)
- | |
| | |
| | |
I I |
Figure 4.45 A scenario diagram of a computerized unit-dose drug distribution system

for sub-system 5.6 : Reporting for value of patient’s medication

Ropt ReptSt PtType
1: has f
|

|

I

> 2 fas |
(1 I

| | U

| |

| | I

Figure 4.46 A scenario diagram of a computerized unit-dose drug distribution system

for sub-system 5 : Calculating cost

4.12.2.2 Event flow diagram
An event flow diagram provides a view of the interactions
or structural relationships that occur between objects and object-like

entities in the current model.



Faculty of Engineering, Mahidol University M.Sc.(Tech. of inform. sys.manag) /101

Pt Admission—————— Ward

Admission Registration

|
-

use of Refer——¢

g

Admission Operation

PAT
Nu Type of In-Patient————— TP

Figure 4.47 An even-flow diagram of a computerized unit-dose drug distribution

system for sub-system 1.1 : In-Patient’s registration updatation

L]
Patient's Bed Management
Admission Cost Calculation——— | 20" Type of Bed
Admission  Paid Status of Admission
" ") oo palast

Figure 4.48 An even-flow diagram of a computerized unit-dose drug distribution

system for sub-systeml. 2 : In-Patient’s in-ward management

Pt |———Curing—— IPtDct Curing Dct

Figure 4.49 An even-flow diagram of a computeﬁzed unit-dose drug distribution

system for sub-system 2.1 : Doctor for In-Patient

Spelty
Diagnosis for Specialty
Det | Diagnosis | PtDiag | pjggnosis— Tt

Diagnosis for ICD10

ICD10

Figure 4.50 An even-flow diagram of a computerized unit-dose drug distribufion

system for sub-system 2.2 : Patient’s Diagnosis
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icoecmM

Operation Diagnosts for ICD2CM

Il e e

Figure 4.51 An even-flow diagram of a computerized unit-dose drug distribution

system for sub-system 2.3 : Patient’s Operation

ICD10

Death Diagnosis for ICD10

2 Death—| PtDeath

Death Diagnosis for Spectalty

Spolty

Figure 4.52 An even-flow diagram of a computerized unit-dose drug distribution

system for sub-system 2.4 : Patient’s Death Diagnosis
Pt Ps Nu

AGE

N Prescription Operation
on
NG 4
Patient Type of Prscription| I ——Pald Status of Prescription
Prescription c?st Calculation

PiType Rept PaldSt

Figure 4.53 An even-flow diagram of a computerized unit-dose drug distribution

system for sub-system 2.5 : Patient’s Medication: prescription

Ps

Prescrlpﬂo‘! Checking

Prsc Preseription PrscDt Preseription INV

Frequency of Prescription

Figure 4.54 An even-flow diagram of a computerized unit-dose drug distribution

system for sub-system 2.5 : Patient’s Orders for Drugs and Services
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Frequency of Prescription

|

Figure 4.55 An even-flow diagram of a computerized unit-dose drug distribution

system for sub-system 2.5 : Patient’s Orders for Drugs and Services with Errors
DchStts Ririct

|

Discharge Status of In-Patient of Refer
|

Pt

|
Discharge Type of In-Patient I—Cause of Refer

DchType RfiCs

Figure 4.56 An even-flow diagram of a computerized unit-dose drug distribution

system for sub-system 3 : Patient’s Discharge

Ratlot NV

Drug Requisition Drug Requisition

MRat | e Requisition—| MRatDt

Recehving Note for Drug Requisition

SPhmLct

SINBTYPe | 1y o Recening Type-| " |-Drug Receiing—]

Figure 4.57 An even-flow diagram of a computerized unit-dose drug distribution

system for sub-system 4.1 : Drug Requirement
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Drug RecelMng———————

SinpDt

StockCard Recording

StockCard

« Results /104

Slnp

Drug Receiving

Figure 4.58 An even-flow diagram of a computerized unit-dose drug distribution

system for sub-system 4.2 : Drug Receive

SPhmLct —————Drug Dispensing StockCard
StockCard Recording
SOtpType SOtp
‘Type of Drug Dispensing —Drug Dispensing-| SOfpDt
[
Drug Dl?penslng
SR Note for Drug Dispensing v

Figure 4.59 An even-flow diagram of a computerized unit-dose drug distribution

system for sub-system 4.3 : Drug Dispense

Nu: Stf Nu_Inc! Pt_IncOth———— Pt
IncOth
PaldSt | paidst_incoth—
.
Rept Rept_ncdneOth_Income——— "0 me

Figure 4.60 An even-flow diagram of a computerized unit-dose drug distribution

system for sub-system 5.6 : Value for Patient’s Medication
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| Reptst Rept_St Rept [—PtType_Rept— PtType

Figure 4.61 An even-flow diagram of a computerized unit-dose drug distribution
system for sub-system 5.6 : Calculating Cost
41223 State transition diagram

A state diagram is used to show the state of a given class,
the events that cause a transition from one state to another, and the
actions that result from a state change. Each state diagram is
associated with one class or one use case. During design, state
diagrams are useful for capturing the dynamic behavior of
individual classes.

A state diagram consists of states connected by transitions
and describes the life history of objects.of a given class. A state
diagram show exactly one start state, one or more states, one or
more end states, and the state transitions between them. Each class
in the current model that possesses significant event-ordered
behavior can contain a single state diagram to describe that

behavior.
Out-Patient at admission center

Out-Patient Is admission registered

‘ [’ln—Paﬁent with admission registratlon}

In-Patiert is discharged registered

In-Patient with discharged registration

Figure 4.62 A state transition diagram of a computerized unit-dose drug distribution

system for Class : Pt
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in-Patient at admission center

“ In-Patient is taken into ward

In-Patient in Ward
. J
In-Patient is diagnosed l In-Patient is death diagnosed
In-Patientis operated
in-Patiert s cured by Doctor In-Patiertwithoperation o oo prescribed
In-Patient with Diagnostic Resuit In-Patientith death dlagnostic resuit
In-Patient with Prescription

65 In-Patiert with curing by Doctor
Figure 4.63 A state transition diagram of a computerized unit-dose drug distribution

system for Class : IPt

Meditem|s required Meditem is dispensed
Wednem in Drug Requiskion NoteJ Medttem in Drug Dispensing Note}
Medltem is received from Main Stock Medltem s prescribed

Meditem in Drug Receiving Note

Figure 4.64 A state transition diagram of a computerized unit-dose drug distribution

system for Class : Inv

4.1.2.3 Functional Model
4.1.2.3.1 Data Flow Diagram
A data flow diagram shows functional
dependencies of the system, including identify input and

output values.
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Pationt Patents 4 ' FroDiagnosis

Admission Nurso

Patients
admission data

All in-Patient's
data
Drug inventory
data 4
Drug
Drug inventory {nventory
data
Base data
7
Base data
Base
Data
Y
Operation
follow medication
Medication
data
in-Patient's

data

Figure 4.65 A data flow diagram of a computerized unit-dose drug distribution system
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Patlent
Patients Pre-Diagnosis Doctor
! admission data
UnilD Patient's data Admission data Nurse
Patient’s Admission data
admission data

Figure 4.66 A data flow diagram of a computerized unit-dose drug distribution system

for sub-system 1 ; Patient’s admission

21

Dactor

Doctors for :Pi?e:t Doctor's data

each patient

data
Paliert’s Degnosts data
disgnostic
data

SL_SZ_ 2.3
Pdtiert's
uritdsse  <—pgrars Operation Operdtion data Dostar
Operetion data
24
Petient's
Peatient's Death-Dizgnosis Death-Diagnosis
Death-Diagnosis data
data
Order for Order for
medication medicetion
Pharmagist- Opardion Gperation Nuse
’ follow medication follow medication

for sub-system 2 : Patient’s medication

Figure 4.67 A data flow diagram of a computerized unit-dose drug distribution system
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3.1
- Patlient's Out-Ward Management

" Patlent's Discharge data
admission data

UnltDos_e_ <}P oS Nurse
discharge data

Patient's
admission data D/ 3.2 Discharge data

Patient's D{scharge Updatation

Patient's
discharge data

Figure 4.68 A data flow diagram of a computerized unit-dose drug distribution system

for sub-system 3 : Patient’s discharge
4

Drug inventory Drug
data Requisition Drug requisition
requisition data
ta
-
. Dnug requisition 42
data L
g
UnitDose 4 Recehing | Brig oaing Pharmacist
Drug receiving data
Z S data
Dng dispensing 43
data
Drug <}
Dispensing Drug dispensing
Drug dispensing data
data

Figure 4.69 A data flow diagram of a computerized unit-dose drug distribution system
for sub-system 4 : Drug Inventory
4.1.3 System Design Phase
This phase describes the high-level decisions about the system
implementation, including its overall structure.
The steps of system design of computerized unit-dose drug

distribution system are :
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a. Organization of the system.
The system is organized into 7 subsystem :

Patient’s admission

- Patient’s medication
- Patient’s discharge
- Drug inventory
- Reporting
- Calculating cost
- Basedata
b. Identification of concurrency inherent in the problem.

Table 4.1. Each subsystem with its operation time.

Subsystem ' Operation time
Patient’s admission Anytime
Patient’s medication Anytime
Patient’s discharge Anytime
Drug inventory 08.00am-04.00pm
Reporting Anytime
Calculating cost 08.00am-12.00am
Base data Anytime

Subsystems and operation time in tables 4.1. indicates that some
operations may be happened at the same time. So it’s impossible to
operate all subsystems in the same machine. It’s necessary to find the

way to solve this concurrency inherent problem.



Faculty of Engineering, Mahidol University M.Sc.(Tech. of inform.sys.manag) /111

c. Allocation of subsystems to processors and tasks.

Because of concurrency inherent problem in the previous step,
each subsystem will be allocated to various computers of thé system,
which is shown in figure 4.70 and table 4.2. The allocation of
subsystems includes managing processors for each subsystem,
identifying tasks which each subsystem will operate, including times to

operate each subsystem at each processor.

Client1 Client 2
main emergency
drug distribution room . drug distribution room
(Available time 8am - 4pm) (Available time 4pm - 8am)
\ Server /
at
main drug distribution room
Client3/ \Client 4
ward ward
nurse station | drug distribution room
(Available time All time) (Available time 8am - 4pm)

Figure 4.70 Alocation of subsystems to processors and tasks of a computerized unit-

dose drug distribution system.:
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Table 4.2 Managing clients and times to operate for each subsystem.

Time | Admission Medication Discharge | Inventory Report Cost Base Data
8am Client 3 Client 1,34 Client 3 Client4 | Client 1,3,4 | Client3 Client 1,3,4
9am Client 3 Cliént 1,3,4 Client 3 Client4 | Client 1,3,4 | Client3 Client 1,3,4
10am Client 3 Client 1,3,4 Client 3 Client4 | Client 1,3,4 | Client3 Client 1,3,4
Ilam | Client3 Client 1,3,4 Client 3 Client4 | Client1,3,4 | Client3 Client 1,3,4
12am | Client 3 Client 1,3,4 Client 3 Client4 | Client 1,3,4 | Client3 Client 1,3,4
Ipm Client 3 Client 1,3,4 Client 3 Client4 | Client 1,3,4 | Client3 Client 1,3,4
2pm Client 3 Client 1,3,4 Client 3 Client4 | Client 1,3,4 | Client3 Client 1,3,4
3pm Client 3 Client 1,3,4 Client 3 Client4 | Client 1,3,4 | Client3 Client 1,3,4
4pm Client 3 Client 2,3 Client 3 Client 2,3 Client 3 Client 2,3
Spm Client 3 Client 2,3 Client 3 Client 2,3 Client 3 Client 2,3
6pm Client 3 Client 2,3 Client 3 Client 2,3 Client 3 Client 2,3
7pm | Client3 | Client2,3 | Client3 Client2,3 | Chient3 | Client2,3
8pm Client 3 Client 2,3 Client 3 Client 2,3 Client 3 Client 2,3
9pm Client 3 Client 2,3 Client 3 Client 2,3 Client 3 Client 2,3
10pm | Client 3 Client 2,3 Client 3 Client 2,3 Client 3 Client 2,3
11lpm | Client 3 Client 2,3 Client 3 Client 2,3 Client 3 Client 2,3
12pm | Client 3 Client 2,3 Client 3 Client 2,3 Client 3 Client 2,3
lam Client 3 Client 2,3 Client 3 Client 2,3 Client 3 Client 2,3
2am Client 3 Client 2,3 Client 3 Client 2,3 Client 3 Client 2,3
3am Client 3 Client 2,3 Client 3 Client 2,3 Client 3 Client 2,3
4am Client 3 Client 2,3 Client 3 Client 2,3 Client 3 Client 2,3
Sam Client 3 Client 2,3 Client 3 Client 2,3 Client 3 Client 2,3
6am Client 3 Client 2,3 Client 3 Client 2,3 Client 3 Client 2,3
7am Client 3 Client 2,3 Client 3 Client 2,3 Client 3 Client 2,3
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d. Implementation of data stores.

For this computerized unit-dose drug distribution system, the
relational database model is chosen to be used to store data of the
system. One of the greatest advantages of the relational model is its
conceptual simplicity and the ability to link records in a way that is not
predefined( that is, they are not explicit as in the hierarchical and
network models). This provides great flexibility. The relational or
tabular model of data can be used in a variety of applications. Most
people can easily visualize the relational model as a table, but the
model does use some unfamiliar terminology.

There are traditionally two different approaches to relational
database design. The first is to identify all the attributes in the problem
and place them together to create and preserve the stability of the
attributes. This follows a series of rules known as normalization. The
other approach is to identify the entities that exist in the problem. The
entities are explored and refined in terms of properties(attributes) and
the relationships between them, in a process referred to as Entity-
Relationship modeling. This process also employs the rules of
normalization.

Object modeling is as evolutionary process that incorporates
entity design. This allows the ability to perform object modeling and
produce as a by-product, a data model or schema. The concepts of
entity design and normalization are assumed to be baseline information

and knowledge in this discussion.
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Object models focus upon the structure and behavior of objects,
and their relationships among objects. Objects models are an effective
way of communicating with domain experts and users to reach an
understanding of the problem. From this basis of understanding it is
able to derive a correct database design by understanding the mapping
of objects to tables, and the relation of the generated data model to the
overlying three schema architecture of relational database design.

The three schema architecture is the standard architecture for
data model, first proposed by the ANSI/SPARC committee on
databases. The concept is that the design consists of three layers :
external, conceptual and internal. The external level is concerned with
the global overall application and how the user interacts with these
data. The internal level is the one closest to the physical storage,
occasionally referred to as the physical view. The conceptual level is
the mapping between these two layers. It is expressed in terms of
conceptual DDL(Data Definition Language). The ability to use
Rational Rose application program with relational databases is
expressed primarily in terms of the conceptual level. The lowest level
des‘.ign decisions which are part of the physical implementation of the
database, such as tablespaces and clustering, are not mapped nor
discussed. Some physical layer topics, i.e. indexes, are mapped and

discussed.
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Object Oriented Model

(Rational Rose)

Class :

Relational Model

(SQL Server)

Table:

Figure 4.71 Mapping of object oriented model to relational model.

DDL generation

(by Rational Rose)

v

The steps of mapping of object oriented model to relational model are :

- Generating DDL, by selecting the desired classes to generate and

executing the generate DDL option from the Tools menu of Rational

Rose. A dialog will appear with the default database and script file

name that are set by the project properties. For this dialog, choose

target database as SQL Server and choose the name of script file.

- The DDL will then be generated to the specified file, as shown in figure

4.72.
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CREATE TABLE T_MainPst(

MainPst VARCHAR(S) NOT NULL, CREATE TABLE T_Ps(
MPName VARCHAR(25) NOT NULL, Stf VARCHAR(5) NOT NULL,
PRIMARY KEY(MainPst)) PRIMARY KEY(Stf),
go FOREIGN KEY (Stf) REFERENCES T_Stf
)
CREATE TABLE T_Stf{ go
Stf VARCHAR(5) NOT NULL,
SPName VARCHAR(15), CREATE TABLE T_Nu(
SFName VARCHAR(25) NOT NULL, Stf VARCHAR(5) NOT NULL,
SLName VARCHAR(25) NOT NULL, PRIMARY KEY(Stf),
StfType VARCHAR(2) NOT NULL, FOREIGN KEY (Stf) REFERENCES T_Stf
Level NUMERIC(2), )
LcNo VARCHAR(S), go
DspName VARCHAR(50),
MainPst VARCHAR(S) NOT NULL, CREATE VIEW Dct_V(
FOREIGN KEY (MainPst) REFERENCES Stf,
T_MainPst, . SPName,
PRIMARY KEY(Stf)) SFName,
go SLName,
StfType, =
CREATE TABLE T_Dct( Level,
Stf VARCHAR(S) NOT NULL, LcNo,
PRIMARY KEY(Stf), DspName,
FOREIGN KEY (Stf) REFERENCES T_Stf MainPst)

) .
Figure 4.72 DDL script file, which is generated from classes of computerized unit-

dose drug distribution system by Rational Rose.
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T_Stf.SPName, T_Stf.SLName,
T_Stf.SFName, T_Stf.StfType,
T_Stf.SLName, T_Stf.Level,

T_Stf.StfType, T_Stf.LcNo,

T_Stf.Level, T_Stf.DspName,
T_Stf.LcNo, T_MainPst.MainPst
T_Stf.DspName, FROM T_Ps,T_Stf
T_MainPst.MainPst WHERE T_Ps.Stf=T_Stf.Stf

FROM T _Dct,T_Stf

WHERE T_Dct.St=T_Stf.Stf go

go CREATE VIEW Nu_V(

Stf,

CREATE VIEW Ps_V( SPName,
Stf, SFName,
SPName, SLName,
SFName, StfType,
SLName, Level,
StfType, LcNo,
Level, DspName,
LeNo, MainPst)
DspName, AS SELECT
MainPst) T_Stf.Stf,
AS SELECT T_Stf.SPName,
T_Stf.Stf, T_Stf.SFName,
T_Stf.SPName, T_Stf.SLName,

Figure 4.72 DDL script file, which is generated from classes of computerized unit-

dose drug distribution system by Rational Rose.(Continue)
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T_Stf.Level,

T_Stf.LcNo, FOREIGN KEY (Dpm) REFERENCES
T_Stf.DspName, T_Dpm)

T_MainPst.MainPst go

FROM T_Nu,T_Stf
WHERE T _Nu.Stf=T_Stf.Stf CREATE TABLE T_Ward(
Dpm VARCHAR(2) NOT NULL,
g0 PRIMARY KEY(Dpm),

FOREIGN KEY (Dpm) REFERENCES

CREATE TABLE T_Lect( T_Dpm)
Lct VARCHAR(S) NOT NULL, go
LctPfx VARCHAR(1S),

LctName VARCHAR(25) NOT NULL,

LctType VARCHAR(2) NOT NULL, CREATE TABLE T_RfrLct(

DspName VARCHAR(30), Lct VARCHAR(S) NOT NULL,

Dpm VARCHAR(2) NOT NULL, - PRIMARY KEY(Lct),

FOREIGN KEY (Dpm) REFERENCES FOREIGN KEY (Lct) REFERENCES T Lct
T_Dpm, )

Dpm VARCHAR(2) NOT NULL, go

FOREIGN KEY (Dpm) REFERENCES

T_Dpm, CREATE TABLE T_RgqtLct(
PRIMARY KEY(Lct)) Lct VARCHAR(5) NOT NULL,
go PRIMARY KEY(Lct),

FOREIGN KEY (Lct) REFERENCES T_Lct

CREATE TABLE T_IDpm( )

Dpm VARCHAR(2) NOT NULL, go
PRIMARY KEY(Dpm),

Figure 4.72 DDL script file, which is generated from classes of computerized unit-

dose drug distribution system by Rational Rose.(Continue)
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CREATE TABLE T_SPhmLct(
Lct VARCHAR(S) NOT NULL,
PRIMARY KEY(Lct),
FOREIGN KEY (Lct) REFERENCES T Let

g0

CREATE TABLE T_Dpm(
Dpm VARCHAR(2) NOT NULL,
DpmPfx VARCHAR(10) NOT NULL,
DpmName VARCHAR(20) NOT NULL,
PRIMARY KEY(Dpm))

go

CREATE VIEW IDpm_V(
Dpm,
DpmPfx,
DpmName)
AS SELECT
T_Dpm.Dpm,
T_Dpm.DpmPfx,
T_Dpm.DpmName
FROM T_IDpm,T_Dpm

WHERE T_IDpm.Dpm=T_Dpm.Dpm

go
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CREATE VIEW Ward V(

Dpm,

DpmPfx,

DpmName)

AS SELECT

T_Dpm.Dpm,

T_Dpm.DpmPf,

T_Dpm.DpmName

FROM T_Ward,T_IDpm,T_Dpm
WHERE T_Ward. Dpm=T_IDpm.Dpm
AND T_IDpm.Dpm=T_Dpm.Dpm

£0

CREATE VIEW RfrLct_V(
Let,
LetPfx,
LctName,
LctType,
DspName,
Dpm,
Dpm)
AS SELECT
T LetLet, =
T_Let.LetPfx,
T_Lct.LctName,

T_Lct.LetType,

Figure 4.72 DDL script file, which is generated from classes of computerized unit-

dose drug distribution system by Rational Rose.(Continue)
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T_Dpm.Dpm,
T_Dpm.Dpm
FROM T_RfrLct, T Lect

WHERE T _RfrLct.Let=T Lct.Let

g0

CREATE VIEW RgqtLct_V(
Let,
LctPfx,
LctName,
LetType,
DspName,
Dpm,
Dpm)
AS SELECT
T LetLet,
T_Lct.LctPfx,
T_Lct.LctName,
T_Lct.LetType,
T_Lct.DspName,
T_Dpm.Dpm,
T_Dpm.Dpm
FROM T_RqtLct, T Let

WHERE T_RqtLct.Lot=T Let.Lct

go

Figure 4.72 DDL script file, which is generated from classes of computerized unit-
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CREATE VIEW SPhmLct_V(

go

Let,

LetPfx,
LctName,
LctType,
DspName,

Dpm,

Dpm)

AS SELECT

T LetLet,
T_Lct.LctPix,
T_Lct.LctName,
T_Lct.LctType,
T_Lct.DspName,
T_Dpm.Dpm,

T _Dpm.Dpm
FROM T_SPhmLct,T Lct

WHERE T_SPhmLct.Let=T Lct.Let

CREATE TABLE T_ICD9CM(

go

ICD9CM VARCHAR(7) NOT NULL,

ICD9Name VARCHAR(200) NOT NULL,

PRIMARY KEY(ICD9CM))

dose drug distribution system by Rational Rose.(Continue)
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CREATE TABLE T_Spelty(
Spclty VARCHAR(4) NOT NULL,
SpName VARCHAR(40) NOT NULL,
PRIMARY KEY(Spelty))

g0

CREATE TABLE T_ICD1((
ICD10 VARCHAR(7) NOT NULL,
ICD10Name VARCHAR(200) NOT NULL,
Spclty VARCHAR(4) NOT NULL,
FOREIGN KEY (Spclty) REFERENCES

T_Spclty,
PRIMARY KEY(ICD10))

go

CREATE TABLE T_DchSits(
DchStts VARCHAR(4) NOT NULL,
DSName VARCHAR(40) NOT NULL,

PRIMARY KEY(DchStts))

Bo

CREATE TABLE T_RfrCs(
RfrCs VARCHAR(4) NOT NULL,
RCName VARCHAR(40) NOT NULL,

PRIMARY KEY(RfrCs))

go

Figure 4.72 DDL script file, which is generated from classes of computerized unit-

CREATE TABLE T_DchType(
DchType VARCHAR(4) NOT NULL,
DTName VARCHAR(4'0) NOT NULL,
PRIMARY KEY(DchType))

go

CREATE TABLE T_Rightt(
Rightt VARCHAR(20) NOT NULL,
RName VARCHAR(20),
PRIMARY KEY(Rightt))

go

CREATE TABLE T_PtType(
PtType VARCHAR(4) NOT NULL,
PTName VARCHAR(40) NOT NULL,
Rightt VARCHAR(20) NOT NULL,
FOREIGN KEY (Rightt) REFERENCES
T_Rightt,
PRIMARY KEY(PtType))

g0

CREATE TABLE T_BedType(
BedType VARCHAR(2) NOT NULL,
BTName VARCHAR(20) NOT NULL,
Rate NUMERIC(9,5),

PRIMARY KEY(BedType))

dose drug distribution system by Rationai Rose.(Continue)
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CREATE TABLE T_ReptSt(
ReptSt VARCHAR(4) NOT NULL,
RSName VARCHAR(40) NOT NULL,

PRIMARY KEY(RcptSt))

go

CREATE TABLE T_PaidSt(
PaidSt VARCHAR(4) NOT NULL,
PSName VARCHAR(40) NOT NULL,

PRIMARY KEY(PaidSt))

go

CREATE TABLE T_Income(
Income VARCHAR(4) NOT NULL,
ICName VARCHAR(40) NOT NULL,
DtTbl VARCHAR(15),
PRIMARY KEY(Income))

go

CREATE TABLE T_Frequency(
Frequency VARCHAR(S) NOT NULL,
Timel DATETIME(),
Time2 DATETIME(),
Time3 DATETIME(),
Time4 DATETIME(),
TimeS DATETIME),
Time6 DATETIME(),
PRIMARY KEY(Frequency))

g0

Figure 4.72 DDL script file, which is generated from classes of computerized unit-
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CREATE TABLE T_SInpType(

SInpType VARCHAR(2) NOT NULL,

SInpName VARCHAR(30) NOT NULL,

PRIMARY KEY(SInpType))

go

CREATE TABLE T_SOtpType(

go

SOtpType VARCHAR(3) NOT NULL,
SOtpName VARCHAR(30) NOT NULL,

PRIMARY KEY(SOtpType))

CREATE TABLE T_MedItem(

MedItem VARCHAR(10) NOT NULL,
MITName VARCHAR(5) NOT NULL,
MedUnit VARCHAR(7),

MedForm VARCHAR(7),

PackQty NUMERIC(5) NOT NULL,
Storage VARCHAR(7),

MedUsage VARCHAR(7) NOT NULL,
SaleRate NUMERIC(9,2),

MaxRfnd NUMERIC(9,2),

MaxDscnt NUMERIC(9,2),

Income VARCH;‘R(4) NOT NULL,

FOREIGN KEY (Income) REFERENCES

T_Income,

go

PRIMARY KEY(Medltem))

dose drug distribution system by Rational Rose.(Continue)
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CREATE TABLE T_INV(
QtyOnHand NUMERIC(20,2),
AvgUnitCost NUMERIC(20,2),
QtyPend NUMERIC(20,2),
ReOrderQty NUMERIC(20,2),
MinLevel NUMERIC(20,2),
MaxLevel NUMERIC(20,2),
RateUsePerMonth NUMERIC(20,2),
SpecialCode VARCHAR(4),
SaleUnit VARCHAR(10),
MedItem VARCHAR(10) NOT NULL,
PRIMARY KEY(Medltem),
FOREIGN KEY (Medltem) REFERENCES

T_MedItem

)

go

CREATE TABLE T_StockCard(
NewQOH NUMERIC(9,2),
OldQOH NUMERIC(9,2),
ActiveQ NUMERIC(9,2),
Medltem VARCHAR(10) NOT NULL,
CalDate DATETIME() NOT NULL,
CalTime NUMERIC(9,2) NOT NULL,
RSStts VARCHAR(1) NOT NULL,
Lct VARCHAR(S5) NOT NULL,

RSNo NUMERIC(9,0) NOT NULL,
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Medltem VARCHAR(10) NOT NULL,

FOREIGN KEY (MedItem) REFERENCES
T_INV,

PRIMARY
KEY(MedItem,CalDate,CalTime,RSStts,Lct,R
SNo), UNIQUE(
MedItem,CalDate,CalTime,RSStts,Lct, RSNo))
go
CREATE TABLE T Pt(

HN VARCHAR(9) NOT NULL,

PName VARCHAR(15) NOT NULL,

FName VARCHAR(25) NOT NULL,

LName VARCHAR(25) NOT NULL,

BrﬁlDT DATETIME() NOT NULL,

DthDT DATETIME(),

Mate VARCHAR(4) NOT NULL,

BloodGrp VARCHAR(4),

Allergy VARCHAR(30),

MrtLSt VARCHAR(4),

PtType VARCHAR(4) NOT NULL,

FOREIGN KEY (PtType) REFERENCES
T_PtType,

PRIMARY KEY(HN))

go

Figure 4.72 DDL script file, whiph is generated from classes of computerized unit-

dose drug distribution system by Rational Rose.(Continue)
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AN VARCHAR(9) NOT NULL,
RgtDT DATETIME(Q) NOT NULL,
PreDiag VARCHAR(30),

DchDT DATETIME),

Weight NUMERIC(3,0),
PtTypeCardNo VARCHAR(10),
RgtTM NUMERIC(8,0) NOT NULL,
DchTM NUMERIC(8,0),

Dpm VARCHAR(2) NOT NULL,
FOREIGN KEY (Dpm) REFERENCES

T_Ward,

PtType VARCHAR(4) NOT NULL,
FOREIGN KEY (PtType) REFERENCES

T _PtType,

Lot VARCHAR(S) NOT NULL,
FOREIGN KEY (Lct) REFERENCES

T_RfrLet, |
Let2 VARCHAR(5) NOT NULL,
FOREIGN KEY (Lct) REFERENCES

T _RfrLct,

RAFCs VARCHAR(4) NOT NULL,
FOREIGN KEY (RfiCs) REFERENCES

T_RfrCs,

RfCs2 VARCHAR(4) NOT NULL,
FOREIGN KEY (RfrCs) REFERENCES
T_RfrCs:

DchStts VARCHAR(4) NOT NULL,
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FOREIGN KEY (DchStts) REFERENCES
T_DchSitts,
DchType VARCHAR(4) NOT NULL,
FOREIGN KEY (DchType) REFERENCES
T_DchType,
Stf VARCHAR(S) NOT NULL,
FOREIGN KEY (Stf) REFERENCES
T_Det,
Stf2 VARCHAR(5) NOT NULL,
FOREIGN KEY (Stf) REFERENCES T_Nu,
Stf3 VARCHAR(S) NOT NULL,
FOREIGN KEY (Stf) REFERENCES T_Nu,
HN VARCHAR(9) NOT NULL,
FOREIGN KEY (HN) REFERENCES T_Pt,
PRIMARY KEY(AN))
go
CREATE TABLE T_IPtAdm(
InDT DATETIME() NOT NULL,
RoomNo VARCHAR(5) NOT NULL,
BedNo VARCHAR(S),
DayCnt NUMERIC(4),
OutDT DATE(Q),
InTM NUMERIC(8,0) NOT NULL,

OutTM NUMERIC(S,0),

Figure 4.72 DDL script file, which is generated from classes of computerized unit-

dose drug distribution system by Rational Rose.(Continue)
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AN VARCHAR(9) NOT NULL,
FOREIGN KEY (AN) REFERENCES
T_IPt,
BedType VARCHAR(2) NOT NULL,
FOREIGN KEY (BedType) REFERENCES
T_BedType,
PaidSt VARCHAR(4) NOT NULL,
FOREIGN KEY (PaidSt) REFERENCES
T_PaidSt,
RcptNo VARCHAR(9) NOT NULL,
FOREIGN KEY (RcptNo) REFERENCES
T_Rept,
Stf VARCHAR(5) NOT NULL,
FOREIGN KEY (Stf) REFERENCES T_Nu,
PRIMARY KEY(InDT,AN,InTM),
UNIQUE( InDT,AN,InTM))
go
CREATE TABLE T_IPtDet(
FDT DATETIME() NOT NULL,
LDT DATETIME(),
FTM NUMERIC(8,0) NOT NULL,
LTM NUMERIC(8,0),
AN VARCHAR(9) NOT NULL,
FOREIGN KEY (AN) REFERENCES

T_IPt,
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FOREIGN KEY (Stf) REFERENCES
T Det,
PRIMARY KEY(FDT,AN,FTM),
UNIQUE( FDT,AN,FTM))
go
CREATE TABLE T_IPtDiag(
ItemNo NUMERIC(2) NOT NULL,
AN VARCHAR(9) NOT NULL,
FOREIGN KEY (AN) REFERENCES
T_IPt,
Stf VARCHAR(S) NOT NULL,
FOREIGN KEY (Stf) REFERENCES
T Det,
ICD10 VARCHAR(7) NOT NULL,
FOREIGN KEY (ICD10) REFERENCES
T_ICDI10,
Splcty VARCHAR(4) NOT NULL,
FOREIGN KEY (Splcty) REFERENCES
T_Spclty,
ICD10 VARCHAR(7) NOT NULL,
FOREIGN KEY (ICD10) REFERENCES
T_ICDI0,
PRIMARY KEY(ItemNo,AN),

UNIQUE( ItemNo,AN))

go

Figure 4.69 DDL script file, which is generated from classes of computerized unit-

dose drug distribution system by Rational Rose.(Continue)
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CREATE TABLE T_IPtOprt(
IPtOprtDT DATETIME() NOT NULL,
IPtOprtTM NUMERIC(8,0) NOT NULL,
ICD9CM VARCHAR(7) NOT NULL,
FOREIGN KEY (ICD9CM) REFERENCES
T_ICDICM,
Stf VARCHAR(5) NOT NULL,
FOREIGN KEY (Stf) REFERENCES
T Det,
AN VARCHAR(9) NOT NULL,
FOREIGN KEY (AN) REFERENCES
T_IPt,
PRIMARY
KEY(IPtOprtDT,AN,IPtOprtTM),
UNIQUE( IPtOprtDT,AN,IPtOprtTM))

go

CREATE TABLE T_IPtDeath(
ItemNo NUMERIC(2) NOT NULL,
AN VARCHAR(9) NOT NULL,
FOREIGN KEY (AN) REFERENCES
T _IPt,
Splcty VARCHAR(4) NOT NULL,
FOREIGN KEY (Spicty) REFERENCES
T_Spclty,

ICD10 VARCHAR(7) NOT NULL,
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FOREIGN KEY (ICD10) REFERENCES
T_ICDI0,
PRIMARY KEY(ItemNo,AN),
UNIQUE( ItemNo,AN))
g0
CREATE TABLE T _Prsc(
PrscNo NUMERIC(9) NOT NULL,
PrscDT DATETIME(Q) NOT NULL,
DailyNote VARCHAR(200),
DscAmt NUMERIC(9,2),
SOtpDT DATETIMEQ),
PrscTM NUMERIC(9,2) NOT NULL,
SOtpTM NUMERIC(S,0),
AN VARCHAR(9) NOT NULL,
FOREIGN KEY (AN) REFERENCES
T_IPt,
PtType VARCHAR(4) NOT NULL,
FOREIGN KEY (PtType) REFERENCES
T PtType,
PaidSt VARCHAR(4) NOT NULL,
FOREIGN KEY (PaidSt) REFERENCES
T_PaidSt,
ReptNo VARCHAR(9) NOT NULL,
FOREIGN KEY (ReptNo) REFERENCES

T_Rept,

Figure 4.72 DDL script file, which is generated from classes of computerized unit-

dose drug distribution system by Rational Rose.(Continue)
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FOREIGN KEY (Stf) REFERENCES T_Nu,
Stf2 VARCHAR(5) NOT NULL,
FOREIGN KEY (Stf) REFERENCES T_Ps,
ReptNo VARCHAR(9) NOT NULL,
FOREIGN KEY (RcptNo) REFERENCES
T_Rept,
PRIMARY KEY (PrscNo))
go
CREATE TABLE T _PrscDt(
PrscQty NUMERIC(9) NOT NULL,
SaleRate NUMERIC(9,2),
RfmdAmt NUMERIC(9,2),
Dose NUMERIC(5),
StopDT DATETIME(),
NoOfDays NUMERIC(2),
PDtTM1 NUMERIC(8,0),
PDt{TM2 NUMERIC(8,0),
PDtTM3 NUMERIC(8,0),
PDtTM4 NUMERIC(8,0),
PD{TM5 NUMERIC(8,0),
PDtTM6 NUMERIC(8,0),
StopTM NUMERIC(8,0),
PrscDT DATETIME() NOT NULL,
OrderType VARCHAR(1) NOT NULL,
PrscNo NUMERIC(9) NOT NULL,
FOREIGN KEY (PrscNo) REFERENCES

T_Prsc,
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Frequency VARCHAR(5) NOT NULL,

FOREIGN KEY (Frequency)
REFERENCES T_Frequency,

Stf VARCHAR(5) NOT NULL,

FOREIGN KEY (Stf) REFERENCES T _Ps,

Medltem VARCHAR(10) NOT NULL,

FOREIGN KEY (Medltem) REFERENCES
T_INV,

PRIMARY
KEY (PrscNo,MedItem,PrscDT,Frequency,Ord
erType),

UNIQUE( PrscNo,MedItem,PrscDT,
Frequency,OrderType))
Go
CREATE TABLE T_ErrPrscDt(

PrscQty NUMERIC(9,0) NOT NULL,

SaleRate NUMERIC(9,2),

RfmdAmt VARCHAR(),

Dose NUMERIC(5,0),

StopDT DATETIME(),

NoOfDays NUMERIC(2,0),

PDtTM1 NUMERIC(8,0),

PDtTM2 NUMERIC(8,0),

PDtTM3 NUMERIC(8,0),

PDtTM4 NUMERIC(8,0),

PDtTM5 NUMERIC(8,0),

PDtTM6 NUMERIC(8,0),

Figure 4.72 DDL script file, which is generated from classes of computerized unit-

dose drug distribution system by Rational Rose.(Continue)
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StopTM NUMERIC(8,0),

PD{DT NUMERIC(8,0) NOT NULL,

OrderType VARCHAR(1) NOT NULL,

PrscNo NUMERIC(9) NOT NULL,

FOREIGN KEY (PrscNo) REFERENCES
T_Prsc,

Frequency VARCHAR(5) NOT NULL,

FOREIGN KEY (Frequency)
REFERENCES T_Frequency,

Stf VARCHAR(5) NOT NULL,

FOREIGN KEY (Stf) REFERENCES T_Ps,

PrscNo NUMERIC(9) NOT NULL,

FOREIGN KEY (PrscNo) REFERENCES
T _Prsc,

Frequency VARCHAR(S) NOT NULL,

FOREIGN KEY (Frequency)
REFERENCES T_Frequency,

Medltem VARCHAR(10) NOT NULL,

FOREIGN KEY (Medltem) REFERENCES
T_INV,

PRIMARY
KEY(PrscNo,MedItem,Frequency,PDtDT,Orde
tType), UNIQUE(
PrscNo,MedItem,Frequency,PDtDT,Order Type
)

g0
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CREATE TABLE T_SInp(

SInpNo NUMERIC(9) NOT NULL,

ShnpDT DATETIME() NOT NULL,

Note VARCHAR(40),

SInpTM NUMERIC(8,2) NOT NULL,

Lct VARCHAR(5) NOT NULL,

FOREIGN KEY (Lct) REFERENCES
T_SPhmLct,

SInpType VARCHAR(2) NOT NULL,

FOREIGN KEY (SInpType) REFERENCES
T_SnpType,

PRIMARY KEY(SInpNo,Lct), UNIQUE(
SInpNo,Lct))

£go

CREATE TABLE T_MRqi(
MOtpNo NUMERIC(9),
Note VARCHAR(40),
RqtDT DATETIME() NOT NULL,
RqtTM NUMERIC(8,2) NOT NULL,
Lct VARCHAR(S) NOT NULL,
FOREIGN KEY (Lct) REFERENCES
T_RqtLct,
PRIMARY KEY (Let,RqIDT,RqtTM),
UNIQUE( Let,RqtDT,RqtTM))

g0

Figure 4.72 DDL script file, which is génerated from classes of computerized unit-

dose drug distribution system by Rational Rose. (Conﬁnue)
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CREATE TABLE T_MRgtDt(
RqtDT DATETIME() NOT NULL,
MedItem VARCHAR(10) NOT NULL,
PackQty NUMERIC(5) NOT NULL,
RqtQty NUMERIC(5) NOT NULL,
RqtTM NUMERIC(8,2) NOT NULL,
Lct VARCHAR(S) NOT NULL,
RqtDT DATETIME() NOT NULL,
RqtTM NUMERIC(8,2) NOT NULL,
FOREIGN KEY (Lct) REFERENCES
T_MRqt,
FOREIGN KEY (RqtDT) REFERENCES
T_MRqt,
FOREIGN KEY (RqtTM) REFERENCES
T_MRgqt,
SInpNo NUMERIC(9) NOT NULL,
Lct2 NUMERIC(5) NOT NULL,
FOREIGN KEY (SInpNo) REFERENCES
T_SInp,
FOREIGN KEY (Lct) REFERENCES
T_Stnp,
MedItem VARCHAR(10) NOT NULL,
FOREIGN KEY (MedItem) REFERENCES
T_INV,
PRIMARY
KEY(Lct,RqtDT,MedItem,RqtTM),
UNIQUE( Lct,RqtDT,MedItem,RqtTM))

go
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CREATE TABLE T_SInpDi(

InpQty NUMERIC(9),

SInpNo NUMERIC(9) NOT NULL,

Lct NUMERIC(S) NOT NULL,

FOREIGN KEY (SInpNo) REFERENCES
T_SInp,

FOREIGN KEY (Lct) REFERENCES
T_SInp,

Medltem VARCHAR(10) NOT NULL,

FOREIGN KEY (MedlItem) REFERENCES
T_INV,

PRIMARY KEY/(Lct,SInpNo,MedItem),

UNIQUE( Lct,SInpNo,MedItem))
go
CREATE TABLE T_SOtp(
SOtpNo NUMERIC(9) NOT NULL,
OtpDT DATETIME() NOT NULL,
OtpTM NUMERIC(8,2) NOT NULL,
SOtpType VARCHAR(3) NOT NULL,
FOREIGN KEY (SOtpType)
REFERENCES T_SOtpType,
Lct VARCHAR(5) NOT NULL,
FOREIGN KEY (Lct) REFERENCES
T_SPhmLct,
PRIMARY KEY(SOtpNo,Lct), UNIQUE(
SOtpNo,Lct))

go

Figure 4.72 DDL script file, which is generatéd from classes of computerized unit-

dose drug distribution system by Rational Rose.(Continue)
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CREATE TABLE T_SOtpD{(

OtpQty NUMERIC(9),

OtpDT DATETIME() NOT NULL,

SOtpNo NUMERIC(9) NOT NULL,

Lct NUMERIC(5) NOT NULL,

FOREIGN KEY (SOtpNo) REFERENCES
T_SOtp,

FOREIGN KEY (Lct) REFERENCES
T_SOtp,

Medltem VARCHAR(10) NOT NULL,

FOREIGN KEY (MedItem) REFERENCES
TNV,

PRIMARY KEY(Lct,SOtpNo,MedItem),

UNIQUE( Let, SOtpNo,Medltem))

g0

CREATE TABLE T_SOtpNote(

Note VARCHAR(40),

OtpDT DATETIME() NOT NULL,

SOtpNo NUMERIC(9) NOT NULL,

Lct NUMERIC(5) NOT NULL,

FOREIGN KEY (SOtpNo) REFERENCES
T_SOtp,

FOREIGN KEY (Lct) REFERENCES
T_SOtp,

PRIMARY KEY(Lct,SOtpNo), UNIQUE(
Lct,SOtpNo))

go
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CREATE TABLE T_IncOth(

IncOthDT DATETIME() NOT NULL,

ReptAmt NUMERIC(9,2),

IncOthTM NUMERIC(9,2) NOT NULL,

CalAmt NUMERIC(9,2) NOT NULL,

DscAmt NUMERIC(9,2) NOT NULL,

RmnAmt NUMERIC(9,2) NOT NULL,

NoOfltems NUMERIC(9) NOT NULL,

ReptNo VARCHAR(9) NOT NULL
UNIQUE,

FOREIGN KEY (RcptNo) REFERENCES
T_Rcept,

PaidSt VARCHAR(4) NOT NULL
UNIQUE,

FOREIGN KEY (PaidSt) REFERENCES
T _PaidSt,

PtType VARCHAR(4) NOT NULL
UNIQUE,

FOREIGN KEY (PtType) REFERENCES
T_PtType,

HN VARCHAR(9) NOT NULL UNIQUE,

FOREIGN KEY (HN) REFERENCES T _Pt,

Income VARCHAR(4) NOT NULL
UNIQUE,

FOREIGN KEY (Income) REFERENCES
T_Income,

Stf VARCHAR(5) NOT NULL UNIQUE,

Figure 4.72 DDL script file, which is generated from classes of computerized unit-

dose drug distribution system by Rational Rose. (Continue)
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FOREIGN KEY (Stf) REFERENCES T Nu, PtType VARCHAR(4) NOT NULL
PRIMARY UNIQUE,
KEY(HN,IncOthDT,Income,IncOthTM), FOREIGN KEY (PtType) REFERENCES
UNIQUE( T_PtType,
I-B\I,IncOthDT,Income,IncOthTM)) ReptSt VARCHAR(4) NOT NULL
g0 UNIQUE,
CREATE TABLE T_Rcpt( FOREIGN KEY (RcptSt) REFERENCES
ReptNo VARCHAR(9) NOT NULL, T_RcptSt,
ReptDT DATETIME(), PRIMARY KEY(RcptNo))

Figure 4.72 DDL script file, which is generated from classes of computerized unit-

dose drug distribution system by Rational Rose.(Continue)

- The resultant DDL will be verified and then be taken to and imported
into database : Microsoft SQL Server version 7.0. And ‘then a

conceptual data model of a computerized unit-dose drug distribution

system will be created as shown in figure 4.73 - .

Figure 4.73 Conceptual data model of a computerized unit-dose drug distribution

system for sub-system 1.1 : Patient’s registration updatation.
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Figure 4.74 Conceptual data model of a computerized unit-dose drug distribution

system for sub-system 1.2 : Patient’s in-ward management.

Figure 4.75 Conceptual data model of a computerized unit-dose drug distribution

system for sub-system 2.1 : Doctor for each patient.

system for sub-system 2.2 : Patient’s diagnosis.
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Figure 4.77 Conceptual data model of a computerized unit-dose drug distribution

system for sub-system 2.3 : Patient’s Operation.

Figure 4.78 Conceptual data model of a computerized unit-dose drug distribution

system for sub-system 2.4 : Patient’s Death diagnosis.

. L R —

Figure 4.79 Conceptual data model of a computerized unit-dose drug distribution

system for sub-system 2.5 : Patient’s Medication : Prescription.

43919
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Figure 4.82 Conceptual data model of a computerized unit-dose drug distribution

system for sub-system 3.2 : Patient’s Discharge Updatation
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Figure 4.83 Conceptual data model of a computerized unit-dose drug distribution

system for sub-system 4.1 : Drug Requirement.

Figure 4.84 Conceptual data model of a computerized unit-dose drug distribution

system for sub-system 4.2 : Drug Receive.
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Figure 4.85 Conceptual data model of a computerized unit-dose drug distribution

system for sub-system 4.3 : Drug Dispense.
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Figure 4.86 Conceptual data model of a computerized unit-dose drug distribution

system for sub-system 5.6 : Value for Patient’s Medication.

Figure 4.87 Conceptual data model of a computerized unit-dose drug distribution

system for sub-system 6 : Calculating Cost.

Figure 4.88 Conceptual data model of a computerized unit-dose drug distribution

system for sub-system 7.1. : Personal data.
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Figure 4.89 Conceptual data model of a computerized unit-dose drug distribution

system for sub-system 7.2. : Department data.

Figure 4.90 Conceptual data model of a computerized unit-dose drug distribution

system for sub-system 7.3. : Diagnostic data.

Figure 4.91 Conceptual data model of a computerized unit-dose drug distribution

system for sub-system 7.4. : Discharge data.

Figure 4.92 Conceptual data model of a computerized unit-dose drug

distribution system for sub-system 7.5. : Payment data.
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Figure 4.93 Conceptual data model of a computerized unit-dose drug distribution

system for sub-system 7.6. : Dispense data.

Medi t=rm

Figure 4.94 Conceptual data model of a computerized unit-dose drug distribution

system for sub-system 7.7. : Drug data.

e. Identification of global resources.
Resources that will be used in computerized unit-dose

drug distribution are described in figure 4.95.
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Server main drug distribution room

Hub
entl ent 2 an 3 L‘Iieni 4
main drug emergency ward ward drug
distribution room  drug distribution room nurse station distribution room
(8am-4pm) (4pm-8am) (All time) (8am-4pm)

Figure 4.95 Resources that will be used in computerized unit-dose drug distribution.
Resources that will be used in computerized unit-dose drug distribution are
consisted of :.
- Cdmputers :
- Server : back-end file and database server
- Client stations
- LAN cable system :
- 10BaseT : IEEE 802.3 for Ethernet on UTP, 10 Mbps, baseband
- Media Access Control : CSMA/CD, UTP with Star topology
- Network adapter card : Ethernet card
- Network media : unshielded-twisted pair Category 5
(22/24 AWG with impedance 100 .)
- Connector :  RJ45

- Hub :  Ethernet Hub(10BaseT Standard Hub)
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Controlling access from clients to server is described in figure 4.96.
Windows application : ~ Front-end application from Visual Basic

at client.

—* Active X Data Objects: Objects used by windows application

for connecting database.

OLE DB : Standard communication pattern that
allows Clients’ applications to connect
to server’s database.

OLE DB driver

SQL driver

—"SQL server - Unit Dose

Server

Figure 4.96 Controlling access from clients to server in computerized unit-dose drug
distribution.
f. Implementation of software control :
- Server software : File and database server
- Network Operating System
- Network ;:ommunication software for standard network

protocol
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-  Driver for network adapter card
- Client software :
- Operating system
- Network communication software for standard network
protocol
- Application Program Interface (API)

- Driver for network adapter card

4.1.4. Object design phase
4.1.5 System implementation
From all of the design models from the prévious phases, these
design models are mapped into a particular language; coding; which is
_a localized process, as all the global decisions have been made already.
In this computerized unit-dose drug distribution system, Microsoft
Visual Basic 6.0 is chosen to create front-end window application.
Users at client stations will interact with the system by using this
application, which uses ‘Active-X Data Object : ADO’ for connecting
database, which .is stored in a server machine with Microsoft SQL
Server 7.0 as database management system. This connecting must use
standard communication patterns called ‘OLE DB’, that allows clients

applications to connect to server’s database.
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When a user opens an application, log-in form is shown for the user to input

user name and pass word as figure 4.97.

Figure 4.97 Front-end application of computerized unit-dose drug distribution log-in
form.

If the user input a right user ID and a right password. The message box will
display for successfully database connecting as figure 4.98. And if user clicks ‘OK’

button, MDI form is appeared as figure 4.99.

UnitDose3

Figure 4.98 Front-end application of computerized unit-dose drug distribution :

message box for successfully database connecting .
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igure 4.99 Front-end application of puterized
form.
The application is divided into 7 menus, each includes sub-menu as follows :
Menu 1 : Patient’s admission
Menu 2 : Doctor’s order for patient’s medication
Menu 3 : Patient’s discharge
Menu 4 : Drug inventory
Menu 5 : Reporting
Menu 6 : Calculating cost

Menu 7 : Base data
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Figure 4. 100 Front-énd application of computerized unit-dose drug distribution

Menu 1 : Patient’s admission.

11:711;1"11'\”16;'119:11&1'1

Flgﬁre 4, 101 Front-end é,pphcaﬁon of 6dmputenzed \umt;dose\ drug dlstnbutlon

Patient’s registration updatation form.
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Figure 4.102 Front-endwaxi)pl'ication of stribution :

Patient’s in-ward management form.
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Figure 4.103 Front-end application of.computerized unit-dose drug distribution

Patient’s in-ward bed status.
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Figure 4.104 Front-end application of computerized unit-dose drug distribution :

Patient’s new medication.
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Figure 4.105 Front-end application of computerized unit-dose drug distribution :

-’

Menu 2 : Doctor’s orders for patient’s medication.
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Figure 4.107 Front-end application of computerized unit-dose drug distribution :

Patient’s diagnosis.
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Figure 4.108 Front-end application of computerized unit-dose drug distribution :

Patient’s operation.

Figure 4.109 Front-end application of computerized unit-dose drug distribution :

Patient’s death diagnosis.



Faculty of Engineering, Mahidol University M.Sc.(Tech. of inform.sys.manag) / 149

Figure 4.110 Front-end application of computerized unit-dose drug distribution :

Searching for admission number by using hospital number.

Figure 4.111 Front-end application of computerized unit-dose drug distribution :

Searching for prescription number by using admission number.

Figure 4.112 Front-end application of computerized unit-dose drug distribution :

Prescription for doctor’s order for patient’s medication.
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ACTIVATED CHARCOAL TAB 325 MG
KAYEXALATE POWDER(n%w)
NEDMYCIN TAB 350 MG

o

SALBUTAMOL 2 MG TAB [VENTOLIN)

AR % 5 S

RAMADOL HCL SO MG.TAB.(TRAMOL)

Figure 4.113 Front-end application of computerized unit-dose drug distribution :

Details in Prescription for doctor’s order for patient’s medication : Drugs in order for

continuous.

\rchzs fior Contiruous

{Order for Home Medication

Figure 4.114 Front-end application of computerized unit-dose drug distribution :
Details in Prescription for doctor’s order for patient’s medication : Combo Box for

choosing order type.
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Figure 4.116 Front-end application of computerized unit-dose drug distribution :
Details in Prescription for doctor’s order for patient’s medication : Drugs in order for

home medication.
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Figure 4.117 Front-end application of computerized unit-dose drug distribution :
Details in Prescription for doctor’s order for patient’s medication : Orders for other

services.
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Figure 4.118 Front-end application of computerized unit-dose drug distribution :
Details in Prescription for doctor’s order for patient’s medication : Combo box for

choosing the second pharmacist for verifying order for drugs, which is recorded by the

first pharmacist.
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Figure 4.119 Front-end application of computerized unit-dose drug distribution :
Details in Prescription for doctor’s order for patient’s medication : Input box for input

an item of drugs which must be corrected.

Figure 4.120 Front-end application of computerized unit-dose drug distribution :
Details in Prescription for doctor’s order for patient’s medication : Stopping drug

order for medication.
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Figure 4.121 Front-end application of computerized unit-dose drug distribution

Menu 3 : Patient’s discharge.

Figure 4.122 Front-end application of computerized unit-dose drug distribution

Patient’s out-ward management.
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Figure 4.123 Front-end application of computerized unit-dose drug distribution :

Patient’s discharge updatation.

Figure 4.124 Front-end application of computerized unit-dose drug distribution :

Menu 4 : Drug Inventory.
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Figure 4.125 Front-end alitioﬂof comput unit-dose stribo: Drug

Requirement.
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Figure 4.126 Front-end ap;;lication of computerized unit-dose g dibon : Drug

Receive.
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cbmprii unit-dose drug distribution : Drug

R

Figure 4.128 Frot e pplication of mputeﬁzed ‘unit-dose drug distribution :

Menu 5 : Reporting.

Figure 4.129 Front-end application of computerized unit-dose drug distribution :

Patient’s report.
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Figure 4.130 Front-end application of computerized unit-dose drug distribution :

Patient’s in-bed report.
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Figure 4.131 Front-end application of computerized unit-dose drug distribution :
Doctor for each in-patient report.
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Figure 4.132 Front-end application of computerized unit-dose drug distribution :

Patient’s diagnostic report.
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Figure 4.133 Front-end application of computerized unit-dose drug distribution :

Patient’s operation report.
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Figure 4.134 Front-end application of computerized unit-dose drug distribution :

Patient’s dead diagnostic report.
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Figure 4.135 Front-end application of computerized unit-dose drug distribution :

Value of patient’s medication report.
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Figure 4.136 Front-end application of computerized unit-dose drug distribution :
Drug dispensing report.
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Figure 4.137 Front-end application of computerized unit-dose drug distribution

Drug preparing note.
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Figure 4.138 Front-end application of computerized unit-dose drug distribution :

Drug label.
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Figure 4.139 Front-end application of computerized unit-dose drug distribution :

Drug dispensing note.

Whwamiusfnnddommyabinaiasfudgile

afigwindion o TmsarEnanai winm  afanm s
Rzl aTHoN doomial  GETROMIDAZOLE INS SCOMGHOSHL sanlh we
HN an e F-wp flin fodond $auin
12772 87 % wu 0 [0 1R 2
nrfnauin 2

Figure 4.140 Front-end application of computerized unit-dose drug distribution :

Drug returning note.
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Figure 4.141 Front-end application of computerized unit-dose drug distribution :

Drug inventory report.
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Figure 4.142 Front-end application of computerized unit-dose drug distribution :

Drug requirement note.
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Figure 4.143 Front-end application of computerized unit-dose drug distribution :

Drug receive note.
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Figure 4.144 Front-end application of computerized unit-dose drug distribution :

Drug dispensing note.
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Figure 4.145 Front-end application of computerized unit-dose drug distribution :

Drug balance note.

Figure 4.146 Front-end application of computerized unit-dose drug distribution :

Menu 6 : Calculating cost.

Figure 4.147 Front-end application of computerized unit-dose drug distribution :

Patient’s room and bed cost.
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Figure 4.148 Front-end
Patient’s drug cost.
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Figure 4.149 Front-end application of comerizé unit-dose drug distribution

Report for Patient’s room-bed, drug cost.
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Figure 4.150 Front-end application of computerized unit-dose drug distribution

Report for Patient’s room and bed cost.

Results / 164

plicati of cope unit-dose drug distribution
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Figure 4.151 Front-end application of computerized unit-dose drug distribution :

Report for Patient’s room and bed cost.
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Figure 4.152 Front-end application of computerized unit-dose drug distribution

Menu 7 : Base data.
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Figure 4.153 Front-end application of computerized unit-dose drug distribution

Menu 7.1 : Personal data.
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Figure 4.154 Front-end app;licatioh of computerized unit-dbse drug distribution :
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Figure 4.156 Front-end application of computerized unit-dose drug distribution :

Menu 7.2 : Department data.
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Figure 4.157 Front-end éppliation of computerized unit-dose g distribution :

Department data.
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Figure 4.158 Front-end a;pplicaﬁ}in of muteedum -dose drug distribution : Part

of department data.
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Figure 4.159 Front-end application of computerized unit-dose drug distribution :

Menu 7.3 : Diagnostic data.
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Figure 4.160 Fron _end pplication f computeed unit-dose drug &istribution :

ICD9CM data.
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Figure 4.162 Front-end application of computerized unit-dose drug distribution :

Specialty data.
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Figure 4.164 Front-end application of compute
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Discharge type data.
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Figure 4.169 Front-end application of cmp unit-dose di'ug distribution : Bed

type data.
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Income data.
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t-end aplicatin o \ comp unit-dose ‘ distribution : Paid
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Menu 7.6 : Dispensing data.
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Figure 4.179 Fr&ﬁt—eﬁd application of Scomputerized uﬁit-dose drug distribution :

Drug dispense type data.

Figure 4.180 Front-end application of computerized unit-dose drug distribution :

Drug receive type data.
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Figure 4.181 Front-end application of computerized unit-dose drug distribution :

. Patient’s drug Profile.

Patient’s drug Profile(details).
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Data concurrency and consistency control

A processing in client-server environment is a multi-user processing which
various processors will be processed at the same time. So DBMS will must be able to
manage queues of processes which will be processed with efficiency. This calls
‘Concurrency Control’. And about ‘Consistency’, it means consistency of data when
multi-user processing happens. Each user can insert, update or delete data all the time.
So data in database must be updated every time it is retrieved.

In this client-server computerized unit-dose drug distribution system,
transaction is used for data concurrency and consistency control. Processing in
transaction is called ‘Unit of work’ or ‘Atomic transaction’. It means many SQL
statements will be processed after the command ‘Begin Trans’. And SQL statement
command will update data only at database buffer. Data will not be updated at
database space until the command ‘Commit Trans’ will be executed, and after that
data which has been updated at database buffer will be sent to be updated at database
space. And if any command in the atomic transaction has errors, all commands should
be cancelled, or rolled back to re-start at the beginning.

An example of transaction is presented in figure 4.183.

System security
Data protection is necessary and must be defined for controlling security of the

system. For this computerized unit-dose drug distribution, 2 levels of security has been

set as followed :
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Private Sub cmdDelete_Click()
sttCnn = "driver={SQL Server};server=NHUM;" & "uid=" & UID & ";pwd=" & PW &
" database=UnitDose"
Set cnADO =New ADODB.Connection
cnADO.Open strCnn
On Error GoTo DBError
cnADO.BeginTrans
If txtAN.Enabled = True And txtAN.Text < " " Then
Set rs = New ADODB.Recordset
rs.CursorLocation = adUseClient
rs.CursorType = adOpenKeyset
rs.LockType = adLockOptimistic
rs.0pen "SELECT * FROM T_IPt WHERE AN="' + txtAN + ™", strCnn, , , adCmdText
rs.Delete
rs.MoveNext
End If
cnADO.CommitTrans
Exit Sub
DBError:
enADO.RollbackTrans
MsgBox Err.Description

End Sub

Figure 4.183 An example of transaction in coding of computerizedunit-dose drug

distribution system.
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1. User interface level
When a user inputs user ID and password in a log-in form of the

application, both will be verified by the application in four cases.

Case 1 : No UserID
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If user ID and password are right, the use can pass into the application
and the MDI form will be shown. But if they are wrong, the log-in form
will not disappear. And the user must input only his right user ID and

password so he can pass through the application.

2. Database level
The right user ID and pass word from user’s interface are sent by the
application to unit-dose database, which is managed by Microsoft SQL
Server. The DBMS will verify this user ID and password to define
permission to unit-dose database, which had been already established in the
database(by using ‘roles’ and ‘users’ object). The permission to unit-dose
database has been established for 3 groups of users as followed :
Group 1 : Administrator
Group 2 : Pharmacist
Group 3 : Nurse
Including, all users in the system will have their own user name and password,

which can be added or updated by administrator.
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Table 4.3. Permission to unit-dose database for each group of users.

Permission to Subsystem Group 1 : Group 2 : Group 3 :
Administrator | Pharmacist Nurse

1. Patiént’s admission Yes No Yes
2. Patient’s medication

2.1. Doctor for each patient Yes No Yes

2.2. Patient’s diagnosis Yes No Yes

2.3. Patient’s operation Yes No Yes

2.4. Patient’s death diagnosis Yes No Yes

2.5. Patient’s medication Yes Yes Yes
3. Patient’s discharge Yes No Yes
4. Drug Inventory Yes Yes No
5. Reporting Yes Yes Yes
6. Calculating Cost Yes Yes Yes
7. Base data Yes Yes Yes
System testing

1. Unit test

Each unit or group of the program as implemented in source code has
been tested for the purpose of no errors. For coding of this unit-dose drug
distribution application, which MicroSoft Visual Basic 6.0 has been used for
implementation, the program has been analyzed while it’s actually running so
that the programmer can figure out how and why something went wrong. This

calls ‘Debugging a program’.
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For example, coding from the application about loading form is shown

in figure 4.184.

Private Sub Form_Load()

Set cnADO = New ADODB.Connection

LogonString = "driver={SQL Server};server=NHUM;" & "uid=" & UID & ";pwd=" & PW &
"-database=UnitDose"

cnADO.ConnectionString = LogonString

¢nADQ.CommandTimeout = 20

cnADO.CursorLocation = adUseClient

cnADO.Open

End Sub

Figure 4.184 An example of coding from computerized unit-dose drug distribution
system.
When this code is running, MicroSoft Visual Basic will send the

message box to the user like in figure 4.185.

isual Basic

Figure 4.185 Message box happening during running coding from computerized unit-
dose drug distribution system.
So the researcher will correct this coding and run it again until nothing |

goes wrong.
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2. Integration test

The program has been tested by focusing on design and construction of
the software architecture.

For example, this computerized unit-dose drug distribution system is
organized into 7 subsystem : patient’s admission, patient’s medication,
patient’s discharge, drug inventory, reporting, ccalculating cost and base data,

which is shown to users as in figure 4.186.

Lstpuntsusmsglaslu isawsion

g snsy SR i

Figure 4.186 Testing program by focusing on design and con§tucﬁon of the software
architecture : Organization of the system.
3. Validation test
The program has been tested by validating requirements against

software.
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For example, from searching part of patient’s admission updatation

form. which is shown to users as in figure 4.183.

part

e oy

earhmg

unit-dose drug distribution system.
If the users hadn’t input data in any text boxes of searching part, when

he pressed the command “#unt then the application will send the message to

tell the user as shown in figure 4.188.

2 esine s e e e e e

}5zuun1 susmsgitaotu X

Figure 4.188 Message box from searching in-patient without inputting data in any text
boxes of searching part.
This message will make the user to understand that he must input data

in any text boxes of searching part before he will get data of in-patient.

4. System test

The program and other system have been tested as a whole. The
application will be tested by implementing to use as a tool for the new unit-
dose drug distribution system’s operations. After that all errors and
recommendation will be recorded and analyzed by the researcher for

improving the efficacy and the effectiveness of the application.
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Including, for this studying, the application has been tested by 2 groups
of users, both a pharmacist(l person : the researcher) and nurses(6) . The test
has been set for the operations of unit-dose drug distribution system in
department of medicine, Nongbualumphu hospital from December 25 1999 to
January 15™ 2000. After each day of the test the user has evaluated the
application by answering a questionnaire, which is shown in figure 4.189. This
questionnaire has been created by using the concept of “Quantitative
Descriptive Analysis”, which is described by Herbert Stone(26). Subjects are
instructed to place a vertical line at that point on the horizontal line that
represents the intensity for that attribute; if none is detected, the mark is placed
to the far left, and strength increases to the right. The distance from the left end
is measured, and this value is the intensity for that attribute. The minimum
intensity for each attribute is 0 and the maximum is 15. For computational

purposes, the decimal point is moved one place to yield whole numbers.



Faculty of Engineering, Mahidol University

M.Sc.(Tech. of inform.sys.manag) / 18

HULTRUMINANNAMTAUYBIFIY

44 ¥ 1 a 9/ a d
‘numﬂﬂmmmznumsmﬂﬂumuguﬂiﬂﬁmﬂﬂaummai

o A 1 (-] I o o 4
nasnnfivi ldihmsnagen Tsunsussuumsswnuuvgila Inadoneuiunesiiufisendss

1 - a (< ] P N v o ¥ T ¥ 4
ud2 velvivuuaasanuaamuvewiuiide Tusunsudana musiadediag dwdisi Tasmsidvwnios

NIy / asUudunsa

R
1. anuvsuveamunineldsuns

)
youHdY

¥OUUIN
| |
2. anuvanu khle ldheveslilsunsy
Fautioy FAUNIN
! |
3. anNazanlumslFidsunsn
2AINTI0Y A2ANNIN
| |
(=4 '3
4. anusmilumsinuvesldsunsy
d 9 o
saa1521108 32915210
| |
5. anugadedumsiauveslisunsy
9 v 9
gnABIoY gnADILIA
| |
1 o o
6. anuwiua lumiauusaldsunsy
sludiow SuUSn
L |
7. anwmnselumsihindszgealifussuunsswenuuugiinlagvesisunsy
o J o
iwlszgndldlades amlseynd 14918

Figure 4.189 A questionnaire for the test of the application of computerized unit-dose drug

distribution system.
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Figure 4.189 A questionnaire for the test of the application of computerized unit-dose drug
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After the test, the results of the 15 questionnaires(all answered by nurses) have

been analyzed by SPSS version 9.0 as shown in figure 4.190.

Descriptives
Descriptive Statistics
Std.

L N Minimum | Maximum Mean Deviation
LIKE 15 4.50 14.90 10.0900 3.3132
CLEAR 15 3.05 13.00 9.5500 2.6866
CONVENIE 15 3.35 11.20 8.5167 2.4570
SPEED 15 2.00 11.90 6.0567 3.7954
CORRECT 15 4.40 12.80 8.8167 2.9803
PRECISIO 15 1.00 12.90 8.7833 3.4207
ADAPT 15 4.90 12.45 9.4000 2.0129
USEFUL 15 4.60 14.90 10.0000 2.8618
BEAUTY 15 5.10 11.25 8.0533 2.0507
INTEREST 15 4.00 14.90 8.9100 2.7855
Valid N (listwise) 15

Figure 4.190 Results for the analysis of questionnaires for the test of the application

of computerized unit-dose drug distribution system.

From figure 4.190, Means of each attribute have been placed on each line and

joined to create the picture referred to as a spider-web plot. As shown in figure 4.191.



Chainarong Bauruksa

LIKE

gy
/ 5
L)

AN
N/

!

o
e

Yoy,

N

)

ADAPTATION\

PREC

ISION

A

<J ¥
/X
~_\

N\

\

CLEAR

CONVENIENCE

SPEED

/

s

CORRECTNESS

Results /188

—4— MEAN

Figure 4.191 Spider-web plot of means for each attribute from the results of the

questionnaires.
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1. Conclusion
In the last, this computerized unit-dose drug distribution system is useful as the
followings :
5.1.1 Using for the operations in ‘Unit-Dose Drug Distribution System’, which
had been developed to minimize the disadvantages of the conventional one by :
5.1.1.1 Minimizing drug miss used rate, good drug utilization.

Because this system, pharmacists have a major role in management
of doctor’s drug related orders for patient’s medication by recording drugs
himself, the first pharmacist is able to check doctor’s orders for any drug-
related problems that might happened and consult doctors if necessary.
Moreover another pharmacist will approve these orders again, and if any
errors happened, the second pharmacist will tell the first pharmacist to
correct these orders. Finally the patient will receive right drugs with no
errors and no drug-related problems.
5.1.1.2 Reducing the waste of drugs in each step of operation.

For 2 reasons :

- All of drugs taken from unit-dose sub-stock are prepared in the

amount of 24 hrs use.

- In case of drug not being used, for example, doctor’s stop

order, they may be returned to unit-dose drug-stock.
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5.1.1.3 Maximizing accuracy of calculating cost of used drug; suitable use
of person depends on their professional and skill.

Only drugs really used by patient will be calculated for
these cost of payment(they are calculated after patient had used
them). This is different from the conventional system that
patient must pay for drugs which are dispensed for patient
before they will really take them.

5.1.1.4 High quality of patient care.

5.1.2 Correcting any problems which may occur in the new computerized unit-
dose drug distribution procedures can :
5.1.2.1 Reduce time wasting for documentation such as unit-dose drug
labels, patient medication profiles, financial documents.

This computerized unit-dose drug distribution system will

generate all documents for operation including :

- Patient related documents : hospital number, admission
number, patient’s bed, doctor for each patient,
diagnosis, operation, death, value of medication.

- Patient profile : age, weight, sex.

- Drug dispensing related documents : drug preparing
note, drug labels, drug dispensing note, drug returning

note.
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5.1.2.2 Updated inventory documents which increase operators’ workload.
By this system, any of drugs which have been taken in and
out of unit-dose sub stock will be recorded automatically. So it is
unnecessary for users to update drug inventory data when drugs are
taken out of stock for dispensing to patient by doctor’s orders and
checked in stock when drugs are stopped. This system will
generate all drug inventory documents including drug requirement
note, drug receiving note, drug dispensing note and drug inventory
balance note. These will decrease all workload in drug inventory
control.
5.1.3 This computerized unit-dose drug distribution system can be
implemented, the following factors must be concerned :
5.1.3.1 Drug for patient administration must be in unit-dose package.
5.1.3.2 Drug distribution must be done in package which ready to dispense
to patients, and there must be labels with the drugs(for example;
name of drugs, name of patient, quantity, dose) all the time until
they are administrated to patients.

This computerized system will automatically generated drug
labels for each dose of drugs for patient, and they will be stored in unit-
dose container. With these labels and drug dispensing note, which also
generated by the system, nurse can use them for drug administration to
patient with accuracy and efficiency.

5.1.3.3 Amount of drugs taken to wards is prepared for 24-hrs uses and can

return these drugs in case of no-utilization.
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The system will automatically generate quantity of ordered
drugs in the amount enough for 24-hrs uses. Users record only drug
frequency and quantity for each dose of drug medication ” for each
patient. And if these orders are changed to stop, the system will
automatically update quantity.of drugs used and quantity of drugs
which must be returned to unit-dose sub stock, including updating drug
inventéry data and cost for drug exactly dispensed to patient.

5.1.3.4 There must be patient medication profile for each patient, and
always being updated for each of drug distribution.

The system will automatically generate patient medication

profile from doctor’s order for medication, which have been recorded

by pharmacist.

5.1.4 All of concurrency problems for.each sub system will be disappeared

by using client-server computerized unit-dose drug distribution system,
which can provide users to access data in the same server from 4
remote sites as follows :

Client 1 : Main drug distribution system

Client 2 : Emergency drug distribution room

Client 3 : Patient’s ward nurse station

Client 4 : Patient’s ward drug distribution room

All computers in the system are linked together to provide

flexible processing for all of 7 sub system in the same time.
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5.2. Recommendations

5.2.1

522

5.2.3

524

5.2.5

5.2.6

Although this application is used for unit-dose drug distribution system,
it may be applied to another types of drug distribution system. For
example, one day dose drug distribution system, which doesn’t
necessary to prepare drugs for in-patient in unit-dose form, this
application can be applied in the part of calculating quantity of drugs
ordered by doctors for each in-patient, which must be enough for one
day using.

The researcher has chosen Rumbaugh’s Object Modeling Technique
(OMT) for the design and development of this application. However,
other techniques such as Booch, OOSE can be useful for the design and
development of this application too.

Using MicroSoft SQL Server 7.0, which must be run on MicroSoft
Windows NT operating system, as DBMS of the application must use
high potential computerized resources, for example, high speed CPU,
high RAM, which leads to high cost for implementation. So other
DBMS can be used instead of MicroSoft SQL Server 7.0 to reduce this
high cost of implementation.

Other programs, for example, C++, PowerBuilder, can be used for user
interface development of the application.

The new system of computerized unit-dose drug distribution system
may be developed to retrieve data from Stat-2 database, but there may
cause problems in lag time of retrieving data.

The coding of this system may be modified to improve response time.
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5.2.7 This application is only used as a ‘tool’ for operations in unit-dose drug
distribution system, which although can cover all procedures, but in the
same time the application may lead to higher complexity of the system.
So the success of unit-dose drug distribution will be not happened if
users in the system cannot understand all the procedures in the system.
So it is very important to train all users to understand what the new
system is used for, and how it will be operated. It must be take some
times to do this but it can be guaranteed that this system can be really

useful for drug distribution system.
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