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The purpose of this study is to design and develop a clieirt-server
computerized unit-dose drug dishibution system, which can overcome the problems

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 (OIV[D. Data is stored in a relational database using
Microsoft SQL Server 7.0 database management system and prograrnmed 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 departrnent of medicine at Nongbualumphu Hospital.

This study results in a client-seryer 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 o

data storage, access data quickly, and complete desired reports easily. Including all
computers in the system are linked together to provide flexible processing.

The deparbnent of pharnacy of the hospital can use this system

as a tool to support the unit-dose drug disfiibution system's operations, which can

minimize the disadvantages of the conventional one by minimizing the rate of drug
misuse, appropriate drug utilizatioru reducing the waste in drugs in each step of the

operation, accuracy of calculating cost of used drug; suitable use

person depending on their professional skill and, high quality of patient care.
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CHAPTER 1

INTRODUCTION

l.lBackground and statement of problems

Drug dishibution 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 odrugs' which is the chief factor of curing. There are 2 parts of dnrg distibution,

which are for out-patient (OPD) and in-patient (IpD).

In-patient drug disnibution 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; enors in

drug distribution process because of difficutt 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

nrany overseas hospitals adopt this system to use in their day to day operations. The

main objectives of unit-dose drug distribution system are i lowest rate of dnrg miss-

*iog; reduce waste of drugs in each step of operation; economical management;

t
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accuracy in calculating cost of used dnrg; suitable use of person depends on their

professional and skill; and high quatlty 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 ssmplete desired

reports easily.

In Thailand, 2 researches have been published for presenting computerized

unit-dose drug dishibution system. However, both of them are only used in the

environment of 'stand-alone' comfuters. So only one process, for example, label

printing, report generating, can be operated at a time. But in unit-dose drug

distribution 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 waxds, requiring for patient's old medical history. Including

there are many people and places that are related to this system and distibuted to

various point of worlg both in and out office-time. Some of these operations lead to

changing in drug distibution 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 rmit-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.

AII computers in the system, (including in main drug-dishibution room and in

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

l.2Objective

1.2.1 Main objective

To develop client-server application program for unit-dose drug

distribution system.

12.2 Sub-objective.s

1.2.2.1 To sfudy, analyze, and develop a client-server application

program for unit-dose drug dishibution system.

1.2.2.2 To experimentally use the developed program of unit-dose

drug distribution system in the in-patient ward of Nongbual rmphu Hospital.

l.3Scope of study

To study and implement client-server application program for urit-dose drug

dishibution system and test this program by using data from the departnent 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

application.

l.4Steps of approach

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

X'igure 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 distibution system can overcome the

problems ofthe old system.

1.5.2 A developed client-server application program can be used as a tool to

support the unit-dose drug dishibution system's operations which is one of operations

in pharmaceutical services.

1.6Key words

Drug distribution system(l) :

Is the system set for the purpose of selecting, controlling, inventory

managing, dispensing, tansferring, preparing and managing of drugs in health-senrice

ofEce, follow to physician's curing command.

Unit-dose drug distribution system(2) :
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Is the drug distribution of pharmaceutical departuelrt for in-patient, in

unit-dose package for I day. Dnrgs for each patient are contained in the same

container and collected in medication cart or cassette for each umrd.

Unit-dose package(l) :

Is packing of drugs in amount equal to I dose ofmedication.

Dose(3):

Is the quantity to be administered at one time, as a specified amormt

of medication.

Application program(4) :

Is a developed computerized program that is used in a desired work.

Client-Sener system(4) :

Is a network computer system that a oseryer' computer will operate

many processes; for example, searching data; for oclient' computers. When a

process has been done already; for example, finding desired MW aserver will

send the datato 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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CIIAPTER 2

LITERATTIRE REVIEW

This chapter presents a summary of reviewed literatrue concenring the unit-

dose drug disfiibution system and its computerized applications, the object oriented

modeling methodology and relational database, including relationship between the

object data mode[ and relational data model.

2.1 Drug Distribution System

Pokkrong Maneesin(l) had described that drug dishibution system is the

system set for the purpose of selecting, contolling, drug collecting, drug dispensing,

drug tansferring, drug preparing and drug management in health-service ofEce,

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

deparhnen! which define formal policy and operation. Drug distribution system in

various hospitals are quite different, depend on nrmrber 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 disfiibution system as

follows:

2.1.1 Conventional Drug Distribution System :

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

- f,'loor StockDrug Distribution System

Except less amounts and items, nurse station of in-patient wards

contains drug stock similar to those in hospital's pharmaceutical deparhent.

Nurses can therefore prepare and administrate drugs in-time. Pharmaceutical
Copyright by Mahidol UniversityCopyright by Mahidol University
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deparfuent will prepare drugs followed by nurses' orders when they are almost

out oforder.

- rndividual Prescription order Drug Distribution system

In this system, pharmaceutical deparhent will prepare drugs follow

physician's drug prescription for each patient. The drug quantities are prepared

for using in 3-5 days (oral) and I day (parenteral) whereas physician,s

prescription is tansferred to pharmaceutical departuent by patient's relatives

or nursing person. [n some hospitals, nursing person will copy physician,s

command from each of patient' s profiles into drug prescriptioq collect and

tansfer to pharmaceutical departuent for drug requisitions every single day.

Drugs will be stored in nurse station in wards for adminisfration.

- Combination of Floor Stock and Individual Prescription Order

Drug Distribution System

This system will select lists of drugs to be stored in wards, rarhich 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 deparment. So in practical, the drugs

will be disfiibuted based on prescription for each patient and try to apply

advantages of both systems.

Disadvantages of conventiolal 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 ou! because of no drug contol outside

phannaceutical departnent.

c. 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 tansferred to pharmaceutical departnent and for medical card

arranged for each patient adminisnation.

- 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 identirying drug

names, shength and doses

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

Adverse drug reaction or drug toxicrty 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.lDefinition and operations in unit-dose drug distribution system

Apiruedee Hemajuta(2) had defined the definition of unit-dose drug

distribution that it means drug dishibution of pharmaceutical deparhent for in-

patient, in unit-dose package for I 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 firndamental compositions of unit-dose drug disribution system

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

Drug dishibution 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 patien! and

always being updated for each of drug distribution.

Moreover unit-dose drug disribution 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 illushated in figure

2.1, are able to described as follows :

I 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

deparhnent.

4 Pharrracist determines the drug prescription with records in patient medication

profile as follows : completeness of drug prescription; the degree of drug severity,

stength, frequency of drug taking; wtrether drug is available in hospital; is there any

problems of drug interaction; reason to use drugs.Copyright by Mahidol UniversityCopyright by Mahidol University
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4.1 If aoy error is foun4 pharmacist will check drug prescription with

references and find options for correcting that error.

4.2 Phatmacist consults the physician about the error that has been found in

drug prescription.

4.2.1If 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 prescriptioq the new drug

prescription will be sent to pharmaceutical deparhrent 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 trme-schedule for patienl's drug administation, that has been set by cooperating

with nurses.

7.1lf the drugs must be necessarily used before the next sending-time of the

time-schedule.

T.2Pharmacist controls pharmaceutical people to prepare drugs in amount

enough until next sending-time of the time schedule in trnit-dose form and

fill it in cassettes ofmedication carts.

8 If the drugs are unnecessarily used before the next sendingtime of the time-

schedule.

9 Pharmacist controls pharmaceutical people to prepare drugs in unit-dose fonn

and fill it in cassettes of medication cart.

10 Pharmacist records drugs used in patient medication profile

1l Pharmacist checks drugs in each cassette agalrrr.Copyright by Mahidol UniversityCopyright by Mahidol University
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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 tansferred back to pharmaceutical deparhrent.

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 Ilemajuta(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 ofpharmaceutical 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 refurning drugs.

- Pharmacist is able to set time schedule in pharrraceutical deparfinent

eflectively.

- Be able to reduce amounts and values of all drugs stock in hospital.
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Figure 2.1Operations in unit-dose drug distibution system(2).
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Jantima Tayakom(s) has the opinion that the unit-dose drug dishibution

system will be useful in reducing amount and value of drugs on floor-stoclg but there

are some triroblems in operating the system, for example, delay time in distribution

unit-dose drugs to patient-wards. So the system shoutd 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 deparfuen! because urit-dose drug-

products are rarely used in Thailand, so pharmaceutical deparhnent's staff

must prepare unit-dose drugs and also produce labels themselves.

Patient medication profile and nurse medication adminishation record must

be updated all the time for minimize errors, rettun 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 departuent, it will impact to the drug quantities

in the stock which will change all the time and hard to conffol.

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

there must prepaxe drugs to each patient enough for I day and also allow to refum

drugs so workload of financial and accounting management will arise and must be

done more finely forthe faimess of patients.
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2.2.2Anft-dose drug distribution system in Thailand

Pokkrong Maneesin(l) had described that in Thailand, hospitals rmder

ministry of public health such as Lampang Hospital, Chache,rngsao 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 2nd 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 disnibution system:

Pokkrong Maneesin(l) 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

ctinicat pharmacy 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 phamracy,

generate prescription, print prescription, print label for in-patient - PD, 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(Q had also developed computerized system for unit-

dose drug distibution system, which was divided into 4 sub-systems: patient

admission and discharge, drug dispensing, drug retuming and inventory, and unit-doseCopyright by Mahidol UniversityCopyright by Mahidol University
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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-a1one, computer, so it cannot be used to support 'client-seryer'

architecture.

2.3 Object-Oriented Methodology

2.3.1 Methodolory :

From the paper of 'Pencome' about the topic oobject-Oriented

Methodologres'(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 methodolory 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 uzually displayed

in a graphic fonnat, problems and concems 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 abstaction 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 captr.re 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 Copyright by Mahidol UniversityCopyright by Mahidol University
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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 softvyare development steps: 'taditional

stnrctured' 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 anatysis

and design.

Turban, Mclean, Wetherbe(l0) has described relative advantages for

development environments in table2.2 .

Table 2.2 Relative advantages for development environments.

Methods of Analysis & Design Traditional structured Object-oriented

l. Pattern

2. Dab&Function

3. Data Structure

4. Re-Desip

(if any system requirements are changed )

5. Codechanged

(if any data is changed or moved)

Function

Separate

Open/visible

Hish

Yes

Entity

Absfaction

Hidden/encapsulated

Low

No

Development

Environment Reuse Speed Productivity

Platform

Independence

Data

Independence

Application

Architecture

compliance

Object-Oriented Hish Medium

-Hish

Medium

- Hish

Medium

- Hish

nla HM

Traditional Low Low Low Low Low Low

Copyright by Mahidol UniversityCopyright by Mahidol University
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2.3.3 Benefrts of Object-oriented Approach :

Bureson(ll) 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 ny 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 r:nderstand 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 tanlq 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. Ele has also described the

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

Copyright by Mahidol UniversityCopyright by Mahidol University



Strengths Weakneses

l. Progammers can desip programs in the

context of the kinds of objects and their

relationships to be molded in the real-world

system.

2. Faster development

3. Higher qualrty

4. Easier maintenance

5. Scalability

6. Changes to existing systems can be made

without rebuilding the system

l. Lack ofestablished strndards

2. Conversion requires education and training

3. Need time to shift from the structured

paradigm to the OO paradip.

4. People do not want to shift

Chainarong Baunrksa Literature Review / 18

Table 23 stengths and weaknesses of object-oriented technology.

2.3.3 Object-oriented methodologres :

Nietsen(9) has the opinion ttrat 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 zupport 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

2.4. Copyright by Mahidol UniversityCopyright by Mahidol University



Faculty of Engineering, Mahidol University M.Sc.(te$. of inform.sys.manag) I 19

Table 2,4 Strengths and weaknesses of each objecforiented mefhodology.

Object - Oriented

Methodology

Strengths Weaknesses

RumbaughOMT

Shlaer-Mellor method

Booch's method

Wirft-Brock's RDD/CRC

Coad/Yourdon method

Jacobson's method

(OO Software Engineering :

oosE)

Nohtions are able to support all

major concept

Provide differenl views of the

problem

Easy convemion from structured

methods

Very deuiled

Has a great deal of commercial

use

Has a rich set of nobtion and

incorporates elemenB of other

methods

Ease ofuse and understanding

Inexpensive tools of index

cards

Being used commercially

Simple

Intuitfue approach

Easy to understand and use

Ease of learning(becaute of

simple notation)

Cover all development phases

with a good support for the

analysis phase

Analysis phase has

support than the design

Not widely used, not supported

enough

Include some non OO features

L
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2.4Object Modeling Technique : Rumbaugh's Methodology

Amako(13) had summarized the Object Modeling Technique, which is an

object-oriented anatysis, design and implementation methodology that has been

developed by Rumbaugh. The methodology is divided into 4 phases as follows :

Phase I : Object Analysis Phase

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

2 Build an ObjectModel :

Object Model = Object Model Diagram * Data Dictionary

A description of the structure of the objects in a system including their identity,

relationships to other athibute, and operations.

3 Develop aDynamic Model :

Dynamic Model = State Diagrams + Global Event Flow Diagram

A description of aspects of a system concerned with conaol, including time,

sequencing of operations, and interaction of objects.

4 Construct a Functional Model :

Functional Model = Data X'Iow Diagrams + Global Event FIow Diagram

A description of aspects of a system that tansfonn values using functions,

mappings, conshaints, and functional dependencies.

5 Veriff, iterate, and refine the three models

Analysis Document = Problem Statement + Object Model

*Dynamic Model * Functional Model

Phase 2 : System Desigu Phase

The first stage of design, during which highJevel decisions are made about the

overall structure of the system, its architecture, etc.Copyright by Mahidol UniversityCopyright by Mahidol University
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System Design I)ocument = Structure of basic architecture for the system

as well as high level stratery 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 practisal implementation.

Design Document = Detailed Object Model + Detailed Dynamic Model

+ Detailed F'unctional Model

Phase 4 : Implementation 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

I oq""t Design
Y

I@
OMT methodologyFrgure 2.2 T\e Copyright by Mahidol UniversityCopyright by Mahidol University
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Gulya Chatbusayamas(l4) 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 bormdaries and meaning

for the problem at hand.

Classes:

A class or an object class describes a goup of objects with similar properties

(attributes), corlmon behavior(operation), colnmon relationships to other objects and

corrrmon semantics.

Attributes:

An athibute is a data value held by the objects in a class. Each atribute 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

Copyright by Mahidol UniversityCopyright by Mahidol University
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Aggregation:

Aggregation is special tlpe 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 athibutes and operations using a

generalization relationship.

Multiple inheritance permits a class to have more than one super-class

and to ffierit features from all parents. This pennits mixing of information

from two or more sources.

Qualilications:

A qualified association relates two object classes and qualifier. The

qualifier is a special atfribute 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.

Copyright by Mahidol UniversityCopyright by Mahidol University
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Consfiaints are firnctional relationships between entities of an object model.

Derived objects, links and attributes:

A derived object is defined as a firnction of one or more objects, which in turn

may be derived.

She also has the opinions that OMT provides a useful abstaction for relational

database design. With its sfiong support for analysis and design it gives urany

advantages vftich 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. Mapping from object

model to table will be inthe third normal fonn.

- Increase design performance.

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

modeling data.

2.SRelational Data Model

Elmasri and Navathe(ls) had described that relational data model represents

the database as a collection of relations, as a oTable' 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 speciff how to interpret data

values in each row, based on the column each value is in.

Copyright by Mahidol UniversityCopyright by Mahidol University
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In relational model terminology, a row is called a fuple, column header is

called an athibute, and the table is called a relation. The data type describing the tlpes

of values that can appear in each column is called domain.

They has also described about 'Normalizatian' that is the process of

refinement to resolve relational schema before imptementation 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 (ND - A relation is in first normal fonn if it contains

no repeating Mta items. so it requires a flat table, that is every atfiibute

value is an atomic, non decomposable data item.

Second normal form (2ND - A relation is in second normal form if and

only it is in first normal form and each non-key atfribute is fully

functionally dependent on the entire primary key.

Third normal form (3NF) - A relation is in third normal forrr 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 (lQ have the opinion that it is generatly 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 tanslating object-oriented models to relational models that
Copyright by Mahidol UniversityCopyright by Mahidol University
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can be implemented. It means transforming 'objects, relationships, attributes,

aggregation, and so forth' to'relations'.

Gulya Chatbusayamas(l4) 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 manyto-many association maps to a distinct table.

- Each one-to-many association maps to a distinct table or may be bwied 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 foreigu 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 norrral 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-Seryer Architecture and Database system :

Khoshofian(l} has the opinion that a major requireme,lrt of a corporation,s

database system today is to provide uses with accetls to data from one or mors remote

sites. This need is addressed by the clienr/server computing environmen! which is

illusnated in figrre 2.3.The responsibility of data representa:tion and access is dividdt

between the client and the server.

E
*Til" [] Senrer

Machine

are :

Figure 2.3 The client/server computing environment

Steps in client-server architecture protocol, which is ilhrstrated in figure 2.4,

I User queries database.

2 Client'machine presents query to the server machine.

3 Database system

accepts query

compiles query

selects best optimization sfiategies

4 Database management system

- collects the result of query

- transfers to client machineCopyright by Mahidol UniversityCopyright by Mahidol University
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Client

Machine

Query/Commands

- cSendatuole

4 Ask fornexttuple \

--+

d Send next trnle
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Server

Machine
+------

Figure 2.4 Client-server architecture protocol

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

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

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

figtne 2.5.

I Establish a server - a[horize client login

aOK

ClientMachine ServerMachine

I 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 Softvrare Corporation(18). It provides

support for object-oriented modeling. Rose's model-diagmm architecture

- b Ouenr is valid

3 Askforatuple
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facilitates use of the Booch'93 metho4 Object Modeling Technique(OMT),

and Unified Modeling Laneuage(UMl) for object-oriented analysis and

design.

Rational Rose provides the following featues to facilitate the analysis

desigu and iterative construction of applications :

- Use case analysis

- Object-orientedmodeling

- User configuable zupport for Booch 93, OMT, and UML

- Semantic checking

- Support for controlled iterative development

- Rormd-tripengineering

- Parallel multi-user development tbrough repository and private

support

- DDL generation and integration with dafa modeling tools

- Forward engineering of COBRA-2 Compliant IDL

- DocumentationGeneration

- Rose scripting for integration and extensibility

- OLE linking

- OLB automation

- Multiple platform availability
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2.8.2 Microsoft SQL Server:

Khoshofian(l! has described that SQL Seryer is a relational database

system supporting clienUserver architectue. It provides very good coverage of

clienUserver architecture tbrough SQL language and prograrnming interface

extension.

Banthit Jamomphut(l9) had described that Microsoft SQL Server is a

relational database management system product of Microsoft Corporation. It

supports 'Two-phase commiUTight 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 sarne situation.

SQL Server is composed of the following components :

- IsQlAM(nteractive SQL) : is used for uniting statement tansact-

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 hansaction coordinator) : is used to

manage routine of fransact-SQl. in updating data of servers within a

same tansaction.
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2.E.3 Microsoft lVindows NT :

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

a network operating system product of Microsoft Corporation. The architectr.re

of Windows NT is composed of clienVserver architecture and [ayer

architecture, urhich is divided lrnrto 2 modes. Annop Kantikul, Porapat

Suthidara, Sajja Jaradrungraweewom(l9) 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 managrng security.

- Object manager(OM) : for creating and deleting objects :

files, devices, share memory.

- Local procedure catl(LPC) : for managing communication

between application(clients) and protected system(Server).

- Process manager(PM) : for managing process(application in

execution) and tbreads(sub-components of application) to

run into processor for SMP(Symmetric multiple processing).

- Virhnl memory manager(VMM) : for 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. InpuUoutput (UO) manager : manages file system, network

equipment. It is composed of 4 components.Copyright by Mahidol UniversityCopyright by Mahidol University



Chainarong Bauruksa Literature Review t 32

- File system : for supporting operation with file system :

FAT< NTFS.

- Cache manager : for managrng cache : improve access to

disk, CD-ROM effi ciently.

- Network driver : for managing inpuf/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.

c. Kernel : is a lower component, used for managing intemrpt,

exception handling, execution of tlreads, and processing.

d. Hardware abstraction layer : is a code between processor and

kemel. The function is changing code from kemel to order processors to

run operations, for example, manage input/outpu! manage staclq control

intemrpt.

(2) User mode@rotected subsystems)

Is an interface between applicafion program or subsystems@os,

windows 16brt&32bit, osl2, posDvUNID0 and kemel mode. Each

zubsystem 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 corporatronez) which is designed for

teams of developers creating distributed, client/server or intemet/inhanet

application. Wisam Kamjor:rwed(23) has the opinion that visual basic can be
Copyright by Mahidol UniversityCopyright by Mahidol University
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used to operate with other database management system@BMS), 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 convenienfly

because database is separated from commands or methods for using database.

Visual basic can be used for developing object-oriented programming because

it separates desiening of user-interface from set of commands for processing.

Tharin Sithithammasharee, Tananchai Jamnongphakdee(24) had

described that using visual basic, which basic langu4ge is used, for creating

application is followed the steps :

I desigu user interface by choosing control which respoffie

desired using application on the screen. Set position and size of the

contol.

2 Write programming commands response to event happening.

For example, responsie to user, this is called 'Event-driven

programming'

I

(94")

tuw&

43919 l,16,bY,3 +
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CIIAPTER 3

RESEARCH METHODOLOGY

3.1 Steps of Approach

Figure 3.1 Steps of approach for the stttdy 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 atd unil dose drug distibution 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 weatrrresses of objected-oriented approach,

object-oriented methodology, object modeling technique (OMQ or

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

described by Rumbaugh.Copyright by Mahidol UniversityCopyright by Mahidol University
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3.1.1.3 Relational Data Model

The student will shrdy about definition and terminology of

relational data model, also the process of normalization.

3.l.l.4Relationship 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 6d importance of client-

seryer 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-Mcrosoft Visual Basic; also Computer Aid System

Engineering(CAsE) tools used for object-oriented representation-

Rational Rose.

3.1.2 System analysis, design & implementation

The Object Modeting Technique (Olvff) sfiategy 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 : identiSing a need from the users' vieuipoint, 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, ffid concept in

nafural language.

E

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 interactions between 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 aptors, until

the interaction initiated by the original event reaches its logical conclusion (this

is a matter ofjudgment). Some people use the word "story" to emphasize that a

use case has a beginning, a middle, and an end. An exarrple 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. Deterrrine rryhich objects are

parts of the system, which ones interact with iq and urhich ones are

disconnected from it. Develop the use case by considering the system itself as a

single objecq that is, a black box.Copyright by Mahidol UniversityCopyright by Mahidol University
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Use case : Unit-dose drug distribution system

CalqJlailng cod and EEwlcE paylng

F'igure 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 Adminishator of a computer operating system. Each role is a different actor.

c. For each actor, determine the firndamentally different ways in

which the actor uses the system. Each of these is a use case. It must be able to

enumerate the use casies. If there are too many, approach things at a higher

level.

ox
Nur8e

d. IdentiS the initial event that starts each use case.
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e. Determine the termination condition that concludes the use case.

Often a r$e 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 prototlpical scenario that describes the typical tansaction.

g. If there are variations, list additional prototlpical scenarios or

describe the variations in words. Feel free to use ordinary language; a use case

is not meantto be higloly formal.

h. Identiff and describe all the exceptions that are logically associated

with a given use case. After that, check that the set of usie cases encompasses

all the functionality ofthe system.

1 3.1.2.2 Object Analysis Phase

- Describe the extemal behavior of a system as a "black box" by building

OMT models of it in user-meaningfuI terms. The steps are :

a. Write or obtain an initial description ofthe problem statement.

b. Build an Object Model :

Identi$ obj ect classes.

Begn a data dictionary containing descriptions of classes,

attributes, and association.

Add associations between classes.

Organizeand simpliff 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.Copyright by Mahidol UniversityCopyright by Mahidol University
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An example of a class diagmm and a data dictionary are

presented in figure 3.3 and 3.4.

c. Develop a Dpamic Model :

- Prepare scenarios oftypical interactions sequences.

An example of a scenario diagram is presented in figrre 3.5.

- Identiff events between objects and prepare an event tace

for each scenario.

- Prepare an event flow diagram f6r the system.

An example of an event flow diagram is presented in figrne 3.6.

- Develop a state diagram for each class that has important

dpamic 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. Constuct a Functional Model :

- Identiff input and output values.

- Use data flow diagrams as needed to show fimctional

dependencies.

An example of adataflow diagram is presented in figure 3.8.

- Describe ufiat each function does.

- Identify conshaints.

- Speciff optimization criteria

)
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Class diagram : Unit-dose drug distribution system

tPaying P
Boate of payrng

QReport lD

-@Report name

ftHospihlperson tD

frName
&suname

SHospitalno.
BName
Bsnmame

-admit record_

\admifted

$order no.

torder date

$Drug lD

&Orug generic

ffi0rug droup

ffiOrug stock lD

Cunentstatus

Figure 3.3 An example of a class diagram.Copyright by Mahidol UniversityCopyright by Mahidol University
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Data dictionaty : Unit-dose drug distribution system

Logical View RePort

t'r#

Private Properties:

Ilospital person ID

Name

Surname

Derived from Hospital person

Private Properties:

Physician II)

Derived from Hospital person

Private Properties:

Pharmacist II)

Derived from Hospital person

Private Properties:

Nurse ID

Figure 3.4 An example of a data dictionary.

Copyright by Mahidol UniversityCopyright by Mahidol University



Chainarong Bauruksa ResearchMethodology I 42

Scenario diagram : Unit-dose drug dfutribution system

physicianpatient's drug Nurse Patient Pharmacist Patienfs Drug Drug stoclt Report Cost ar

profile 
- 

treatment orders semice P;

r 3: is-admitted

r 4: recprd-adrnit

I

I

I

I I 7: rev iev/ order U I I

n- ' '

ll I lB: record ordHr I I

U I A ->r, I Illr\---+,+ll
I I ll U 9:orderJorr Irr|ln--*llli i H i]-lo: iscontainedlinrrrUil--lrrrrll
r I fi t 11: reouird-.I rr r fi r ll:requirdJ I

lill
I I U t n:loenerate I

r 13t require I

lttt
lttt
tttt
tttt

Figure 3.5 An example of a scenario diagram.Copyright by Mahidol UniversityCopyright by Mahidol University
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Figure 3.6 An example of an event flow diagrarn.

State diagram : Patient's drug profile class

Profi le with patienfs teatnent orders

Event flow diagram : Unit-dose drug distribution system

Patient's treatment

Cost and service oavi

Profile filled with patients medicaldah

X'igure 3.7 An exarnple of a state diagram.
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Data flow diagram : Unit-dose drug distribution system

ptertrsdda

dhgneb

profflewittr
ptsfsdda

oder for

no of bEd

adibdproflle

nm.treatnents

Figure 3.8 An example of;a data flow diagram.Copyright by Mahidol UniversityCopyright by Mahidol University
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.. 
". 

Verifu, iterate, and refine the three models

Add key operations that were discovered drning preparation

of the functional model to the object model.

- Veriff that the classes, associations, attributes, and

operation are consistent and complete at the chosen level of

abstaction. Compare the three models with the problem

statement and relevant domain knowledge, ild test the

models using scenarios.

- Develop more detailed scenarios (including error

conditions) as variations on the basic scenarios. Use these

owhat if scenarios to further veriff 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 Organize the system into subsystem.

3.1.2.3.2 Identiff concurrency inherent in the problem.

3.1.2.3.3 Allocate subsystems to processors and tasks.

3.1.2.3.4 Choose the basic strategy for implementing data stores in

terms of data structures, files, and databases.

3.1.2.3.5 Identiff global resources and detennine mechanisms for

controlling access to them.

3.1.2.3.6 Choose an approach to implementing softrrare contol :
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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 boundmy conditions.

3.1.2.3.8 Establish trade-offpriorities.

An example of system designphase is presented in figtue 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 ef 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

I Organization of the system.

The system is organized into 7 subsystem :

1. I 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 payrng

2Idenffication of concurrency inherent in the problem.

Subsystem Operation time

Patient's admission

Patient's medication

Patient's discharge

Auditing medication

Drug inventory

Reporting

Calculating cost and service paymg

Anytime

08.00am-04.00pm

Anytime

Anytime

08.00am-04.00pm

Anytime

08.00am-12.00am

Figure 3.9 An example of system design phase.
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3 Allocation of subsystems to processors and tasks.

Server (main drug distibution room)

7 \
Client 3Clientl main Client 2 ward ward Client 4 emergency

drug disfributionroomdrug distibution room drug dishibution room nurse station

Managing clients and times to operate for each subsystem :

Time Admission Medication Discharge Auditing Inventory Report Cost

08.00 Client I Client2 Client 3 Client 3

08.30 Client 1 Client 2 Client 3 Client 3

09.00 Client I Client 3 Client 3 Client2

09.30 Client I Client 3 Client 3 Client2

10.00 Client I Client 3 Cliefi2l3

10.30 Client I Client 3 Client 3 Client 2

11.00 Client I Client 3 Client 3 Client2(wk)

I1.30 Client I Client 3 Client 3 Client2(wk)

12.00 Client I Client 3 Client 3

13.00 Client I Client 2 Client 3 Client 3

13.30 Client I Client2 Client 3 Client 3

14.00 Client I Client 3 Client 3 Client 2

14.30 Client I Client 2 Client 3 Client 3

15.00 Client I Client2 Client 3 Client 3

15.30 Client I Client 2 Client 3 Client 3

16.00 Client I Client 2 Client 3 Client 3

16.00 -

08.00 Client 4 Client 3

Figure 3.9 An example of system design phase.(Continue)Copyright by Mahidol UniversityCopyright by Mahidol University
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4Implementation of data stores.

Object oriented model

(Rational RoO

: Hospital percon

Hospital person ID

Name

Surname

Relational model

(SQL Server)

pennn

Hospital person ID

Name

Surname

DDL generation

(by Rational Rose)

CREATE TABLE T_Hospital person(

Hoqpital pennn ID VARCH,ARQ , '

Name VARCHARQ,

Surname VARCHARQ,

Hospital personld NI JMBER(S),

PRIIvIARY I(EY(Hospital person ID))

go

X'igure 3.9 An example of system design phase.(Continue)
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Object oriented model

Figure 3.9 An example of system designphase.(Continue)Copyright by Mahidol UniversityCopyright by Mahidol University
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Relational model

Figure 3.9 An example of system design phase.(Continue)
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Phydcian-V (*)

T-Phydcian.PlD VARCHARQ

T_Ordens.ON
T_Profile.AN
T-H-peron.HPlD VARCHARQ

T-H-pemn.Name VARCHARQ

T-H-peron.Sumame VARCHARQ

T_H_dept.HDlD

E T_Physician

=1 
T_H_persn

ResearchMethodology I 52

Nurse_V (*)

T_Nurse.NlD VARCHARO

T_OdersON
T_Profile.AN
T_H-peron.HPlD VARCHAR0
T_H_person.Name VARCHARQ

T_H_peron.Sumame VARCHARQ

T_H-dept.HDlD

E} T-Nure
Et r-n-person

Pharmaci$_V (*)

T-Pharmacid.PdD VARCHARQ

T_Receive.RclD
T_Require.RqlD
T_OrdersON
T_Receive.RclD
T-H_person.HPlD VARCHARQ

T_H_person.Name VARCHARQ

T_H_peron.Sumame VARCHARQ

T_H_dept.HDlD

E} T_Pharmaci$
E r_n_person

D_product_V (")

T_D_product.D_product VARCHARQ
T_D_produc-t.Us_unit VARCHARQ
T_D-product.Strength VARCHARQ

T_D_product.Unit_co$ VARCHARQ

T_D_product.Directions VARCHARQ

T_D_product.Au4,-label VARCHARQ
T_Dosage_form.DFlD
T_D_$ockDSlD
T_D_order.DOlD
T_Drug.DlD VARCHARQ

T_Drug.Drug VARCHARQ
T_D_group.DGlD
T_Patient.HN
T_Profile.AN

-1 T_D_product
Ft T Druo

X'igure 3.9 An example of system designphase.(Continue)Copyright by Mahidol UniversityCopyright by Mahidol University
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5 Identifreation of global resources.

5.1 Computers:

5.1.1 Server : back-end file and database server

5.1.2 Client strations

5.2 LANI cable system :

l0BaseT : IEEE for Ethernet on UTP

- MediaAccess Control: CSMA/CD

- 10lv{bps

- baseband

UTP with Startopology

5.2.1

5.2.2

Network adapter card

Networkmedia

Ethernet card

unshielded-twisted pair Category 5

Q2124 AWG with impedance 100 A.)
9

RJ45

Ethemret Hub

(l0BaseT Standard Hub)

5.2.3 Connector

5.2.4 Hub

Senrer

Figure 3.9 An sxample of system design phase.(Continue)
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Controlling access from clients to server:

Client

Windons application : Front-end application from Visual Basic

at client.

Remote data objects: Objects used by windows application

for connecting database.

ODBC: Standardcommunicationpatternthat allows

Clients' applications to connect to server's

database.

ODBC driver

Lro" driver

l-ro, server
Setver

6 Implementation of softrrare control :

6.1 Server software : File and database seryer

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 Chefi softrryare :

6.2.1 Operating system

6.2.2 Network communication softrrare for standard network protocol

6.2.3 Application Program lnterface (APD

6.2.4Diver for network adapter card

Figure 3.9 An exarrple of system design phase.(Continue)Copyright by Mahidol UniversityCopyright by Mahidol University
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- 3 .1.2.4.3 Optimize access paths to data :

- Add redrmdant associations to rrrinimize access cost

and maximize convenience.

- Rearrange the computation for greater efficiency.

- Save derived values to avoid re-computation of

complicated expressions.

3.1.2.4.4 Implement software control by fleshing out the

approach chosen during system desip.

3.1.2.4.5 Adjust class stuctwe to increase inheritance :

- Rearrange and adjust classes and opemtions to

= increases inheritance.

: Abshact common behavior out of groups of classes.

- Use delegation to share behavior where inheritance

is semantically invalid.

3.1.2.4.6 Design implementation of associations :

- Analyzethe taversal of associations.

- Implement each association as a distinst object or by

adding object-values attibutes to one or both classes

in the association.

3.1.2.4.7 Determine the extact representation of object

afhibutes.

3.1.2.4.8 Package classes and associations into modules.
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- 3 .1.2.5 System rmplementation

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 e,ncapsulate

athibute aocess, taverse 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 progmrnmed mechanically.

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.l.3.1unit test : The student will test each unit or group of the program as

implemented in soruce cods.

3.l.3.2lntegration test : The student will test the program by Focusing on

design and consfiuction ofthe software architecfiue.

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

3.1.4.1System 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 distibution system, including its

computerized application, will be introduced to all users to prepare for

using, especially medical persoffi in departuent 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 persoffr, phannacological 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,

begrn using the developed application program for drnation I month.
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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 Ilardware

3.2.1.1File Server

(with main memory not less than,3z 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 Softrvare

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

dose drug distribution system.

Softrvare Function

Rational Rose

Microsoft SQL Server

Microsoft Windows NT

Microsoft Visual Basic

Object representation

Relational representation

Network operating system

User-interface application
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CHAPTER 4

RESTILTS

4.1 System Analysis, design & implementation

By using the Object Modeling Technique(OlvfD , a design and development

of computerized unit-dose drug distibution syste,m is as follows :

4.1.1 Conceptualization

A user's view of a comprserized unit-dose dnrg distribution system is

captured by 'Use Case', which is presented in figrue 4.1

L^, ?
.^---_./-:l

Drughnentqy BffiDe / ffi

()
Hertrdbchaga /

//

Docbr
Calalaffng codard $wIEE

prytlg

r+

Figure 4.1 Ause casie of a computerized rmit-dose drug disfribution system
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Fromfigure4.l

4.1.1.1 Sr$-system 1': Patielrt's admission

Figure 42 A use case of a comprserized unit-dose drug distribution for strb

rystem I : Patielrt's admission

bomdary : Updating patient's registrtion data and

se,nding backto be stored in Unit-Dose database.

actors : Patient Doctor, Nurse

The use of system for each aclor

a. Patient : is admitted to be an in-patient of the

hospital.
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" b. Doctor: diagnoses patient.

o. Nurse : operates patient's admission.

- Initial event

A patient is taken to the hoqpital and is diagnosed by

doctor to be stayed in the hospital.

- Terminationcondition

Apatient is registered as an in-patient and is updated in-

patient's data"

- Thetypicalftnsaction

a^ New in-patient is registered for hoqpital 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 tbat updated data is

seirt back to be stored in unit-dose database in the

another seryer.

- Variations

If a patient has already a hospitat number, he is not

necessary registercd for a new hospital number.
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4.1.1.1.2 sub-system 1.2 : In-patient,s in-ward management

botrndary : Managing an in-patient to stay in a patient,s bed

in a patient's ward.

actors : patient, nurse

The use ofsystem for each actor

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

b. Nurse : manages apatient's bed.

Initial event

An in-patient is taken to a patient,s ward.

- Terminationcondition

A patient is taken to stay in a bed in patient,s ward.

- The typical ffansaction

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.

c. 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-patient may be moved to another bed as required

by a nurse or a doctor for suitable reason.Copyright by Mahidol UniversityCopyright by Mahidol University
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4.1.1.2 Snbsystsm 2 : Patient's medication

['igure 43 A use carc of a computerized unitdose drug distibution syste,m for sub-

system 2 : Patient's medication

4.1.1.2.1 Subsystem 2.1 : Doctor for each in-patient

- boundary

Gathering details about a doctor and an in-patient

inhis responsibility.

- Acton

Patient, doctor, nunrc

- The use ofsystemforeachactor

a" An in-patient is cured by doctor.

b. A doctor cures an in-patient.

c. A nurse gathers details about cruing each in-

patient by doctors.

I

ffi

Phamadst

43919 l{6t6-t3h
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- Initiat event

A doctor diagnoses an in-patient.

- Terminationcondition

A patient's doctor data is recorded by a nurse.

- The typical hansaction

a. nurse retrieves in-patient's data.

b. Nurse inputs doctor's data for each in-

patient.

- Variations

- The exceptions

4.1, .l .2.2 Sub-system 2.2 : P atient' s diagnosis

- boundary

Gathering details about a doctor and his

diagnosis for an in-patient in his responsibility.

- Actors

Patient, doctor, nurse

- The use ofsystem 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.

L
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Termination condition

A diagnostic result is recorded by a nuse.

- The typical tansaction

u Nurse retrieves in-patient's data.

b. Nurse inputs diagnostic data about doctor,

ICD10 and specialty.

- Variations

- The exceptions

4.1.1.2.3 sub-system 2.3 : Patient's operation

- bowdary

Gafhering 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 do,ttors.

Initial event

An in-patient is operated by doctor'

- Terminationcondition

An operation data is recorded by a nurse.Copyright by Mahidol UniversityCopyright by Mahidol University
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- The tpical 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 of an in-patient in his responsibility.

- Actors

Patient doctor, nurse

- The use ofsystem foreach actor

a. A dead in-patient is diagnosed by doctor.

b. A doctor diagnoses a dead in-patient.

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.

- Terminationcondition

Diagnosis of a dead in-patient data is recorded by

a nurse.

- The typical transaction

a. Nurse retrieves in-patient's data.Copyright by Mahidol UniversityCopyright by Mahidol University
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- b. Nurse inputs death-diagnostic data about

' 
ICD10 and specialty.

- Variations

- The excepions

4.1.1.2.5 sub-system 2.5 : Doctor's orders forpatient's medication

- boundary

Gathering details about a doctor and his

diagrrosis for death of an in-patient in his responsibility.

- Actors

r PatienL doctor, nu$e

The use of system for each actor

a- An in-patient 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.

Medication is recorded by a pharmacist / nurse.Copyright by Mahidol UniversityCopyright by Mahidol University
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' The typical transastion

a- Nurse / Pharmacist retieves in-patient's data

b. Nurse / Phrmacist inputs details about

doctor's order for patient's medication.

c. Nrme / Phrmacist chooses doctor's order

tlpe : Order for dnrgs 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.

d. Nuse / 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

Patlenfs Dlscharge Updatatlon 1{une

X'igure 4.4 Ause case of a computerized unit-dose drug distribution system for

zubsystem 3 : Patient's discharge

x.
m
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' 4.1.1.3.1 Sub-system3.l: Patient'sout-wardqnanagement

- 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

" fromanoldbed.

Initial event

An in-patient is determined to be moved from an

old patient's bed.

- Terminationcondition

An in-patient is moved out of an old bed in

patient's ward.

- The typical transaction

a- Nurse retrieves in-ward inpatient's data

b. Nurse updates in-ward in-patient's data about

date and time in-patient is taken out of ward.

- Variations

- The exceptions

Copyright by Mahidol UniversityCopyright by Mahidol University
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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, Ntrse

- The use ofsystem 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 &e hospital.

- Terminationcondition

A patient is discharge-registered from the

hospital and is updated in-patient's data.

- The typical fiansaction

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

b. Nurse updates in-patient,s registation data

about date and time in-patient is discharged

from hospital.

- Variations

- The exceptionsCopyright by Mahidol UniversityCopyright by Mahidol University
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4.1.1.4 Sub-syste,m 4 : Dnrg inveutory

Pharmmist

Drug lmentory Balance

X'igure 4.5 A ute case of a computerized unit-dose dnrg disfiibution system for zub-

system4: Druglnventory

4.1.1.4.1 Sub-system 4.1 : Dmg requirement

- Boudary

Creating a dnrg requirement note and sending to

main stock for dnrg require,ment of a rmitdose zub-

stock

- Astors

Pharmacist

- Theuse ofsystem foreachactor

A pharmacist genemtes% drug requirement note

by using an inventory data of a rmit-dose zub-stock

- Initial event

A pharmacist searches for a drug which is

required for a unit-dose sub-stock.Copyright by Mahidol UniversityCopyright by Mahidol University
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- Terminationcondition

A drug requirement note is sent to main stock.

- The typical tansaction

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

- 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 ofsystemforeach actor

A pharmacist receives required drugs from main

stock, generates a drug receiving note refer to a drug

Copyright by Mahidol UniversityCopyright by Mahidol University
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requirement note, updates an inventory dafa, and keeps

those receiving drugs in a unit-dose zub-stock.

- Initial event

A pharmacist receives required dnrgs from main

. stock.

- Terminationcondition

A pharmacist keep received drugs in a unit-dose

sub-stock.

- The tpical transaction

a^ Phannacist receives drugs and required drug

note from main stock

b. Pharmacist inputs details about required drug

note and required dnrgs iu received drug

note.

c. Pharmacist updates inventory data

d. Pharmacist prints received dnrg note for

keeping received drugs in unitdose sub-

stock.

- Variations

- The exceptions

4.1.1.4.3 Sub-system 4.3 : Drug dispensing

- Boundary

Creating dnrg dispensing note (following a

doctor's order for drugs for each in-patient), gettingCopyright by Mahidol UniversityCopyright by Mahidol University
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those drugs out of a unit-dose zub-stock. Including

updating an inventory data of a unit-dose sub-stock.

- Actors

Pharmacist nurse

- The use ofsystemforeach actor

A nurse confirms a doctor's order for drugs,

which is recorded by apharmacist.

- Initial event

A nurse retrieves data about a doctor's order for

drugs.

- Terminationcondition

A nurse confirms those data about a doctor's

order for drugs.

- The typical tansaction

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.Copyright by Mahidol UniversityCopyright by Mahidol University
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- Actors

Pharmacist

The use ofsystem for each actor

A pharmacist generates a dnrg balance note by

using an inventory data of a unitdose zub-stock.

- Initial event

A pharmacist searches for a dnrg which is

imbalance with an inventory dda of a unit-dose sub-

stock.

- Terminationcondition

A drug balance note is genemted.

- ThetJpicaltansaction

a^ Pharmacist searches for imbalance data

between rml drug stock and inventory unit-

dose sub-stock data.

b. Pharmacist inputs details to update inventory

datato be areal drug stock.

- Variations

- The exceptions

4.1.1.5 Sub-system 5 : Reporting

-. _
,/\. \___/ ,,,\,

Phanamcist RePorting 
Nurse

Figure 4.6 A use czule of a computerized rmit-dose drug distibution system for zub-

system 5 :Report Copyright by Mahidol UniversityCopyright by Mahidol University
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boundary

Generating a required report following a given

parameter.

- Actors

Nurse, pharmacist

- Theuse ofsystemforeachactor

Nurse / pharmacist inputs a parameter to generate a

required report.

- Initial event

Nurse / pharmacist inputs a parameter.

- Terminationcondition

A required report is generated.

- The tpical tansaction

a- Nurse / Pharmacist choose required tlpe of reports.

b. Nwse / Pharmacist inputs details about required

reports to be displayed.

c. Nurse / Pharmacist views desired reports and prints .

4.1.1.6 Sub-system 6 : Calculating Cost

c+o-,q
A costforp=rqm&bed ,\
Patient Nurce

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

I
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- 4.1.1.6.1 Sub-system6.l: CostforPatient'sroom&bed

- Boundary

Creating a cost note for patient,s room and bed.

- Actors

Nurse, patient

- The use of system for each actor

L A nruse generates a cost note for patient's

room and bed.

b. A patient receives that cost note and uses it

for paying.

- Initial event

, * in-patient is moved from his old bed.

- Terminationcondition

An in-patient receives a cost note for patient's

room and bed.

- The tpical tansaction

a. Nurse generates cost note.

'' b. Nurse retieves about in-ward in-patient data.

c. Nurse updates in-ward in-patient's data with

d. Nurse views or prints cost note (as require).

e. Nurse gives that note to an in-patient.

Copyright by Mahidol UniversityCopyright by Mahidol University
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4.1.1.6.2 Sub-system 6.2 : Cost for patient's drug dispensing

- BourdarY

Creating a cost note for patient's drug

dispensing.

- Actors

Nurse, patient

- The use ofsystemforeachactor

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.

- Terminationcondition

An in-patient receives a cost note for patient's

drug dispensing.

- The typical tansaction

a. Nurse generates cost note.

b. Nurse retrieves about doctor's order for in-

patient's medication.

c. Nwse 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.Copyright by Mahidol UniversityCopyright by Mahidol University
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4.1.1.7 Sub-syste,m 7 : Base data

Phanamcist
Base Data

figure 4.8 A use case of a computerized unitdose drug distribution system for sub-

systemT:BaseData

- boundary

Creating base data for a computerized unit dose dnrg

distribution system.

- Actors

Nune, pharmacist

- Theuse ofsystemforeachactor

Nurse / pharmacist generates base data urhich is

necessary for a computerized unit dose drug distibution

system.

- Initial event

Nurse / pharmacist cannot find requiredbase data

- Terminationcondition

Required base data is generated.

- ThetpicalEansaction

a. Nurse / pharmacist searches for required base data

but cannot find.

b. Nuse /pharmacist generates required base data.
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4.12 ObjectAnalysisPhase

This phase describes the external behavior of a system by using OMT

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

4.1.2.1ObjectModel

4.1.2.1.1 Class diagram

Class diagmms contain icons represelrting classes. These

diagrams show the relationship bettreen classes, association,

inheritance of classes. Each class diagram provides a logical

view of the model, displaying icons representing togical

packages, classes, and relationships contained in the model.

Sub-system I : Patient's admission

- Sub-system 1.1 : Patient's registation updatation

Figure 4.9 A class diagram of a computerized uoitdose drug dismibution system for

sub-system 1.1 : Patient's regisuation updatation

Copyright by Mahidol UniversityCopyright by Mahidol University
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ffi*PaidsL
l€bPSName

Figure 4.10 A class diagram of a computerized unit-dose drug distibution system for

sub-system 1.2 : Patient's in-ward management

Sub.system 2 : P atienlt's medication

Figure 4.ll A class diagram of a computerized unit-dose drug distribution system for

sub-system 2.1 : Patient's medication

- Sub-system 2.2 tPatiefi's diagnosis

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

sub-system 2.2 : P atiefi's diagnosis

- Sub-system 1.2 : Patient's in-ward management

- Sub-system 2.1 : Doctor for each in-patient
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f igure 4.13 A class diagrarn of a computerized unit-dose drug distribution system for

sub-system 2.3 : Patient's operation

- Sub-system 2.4:Panefi's death
f-sEry-l
Ep'.r/ I
l$sPt'larc |

t
SWlty_lffiath

Figure 4.14 A class diagrarn sf a s6mFuterized unit-dose drug distibution system for

sub-system 2.3 : Patient's death

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

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

sub-system 2.5 : Doctor's orders for patient's medication : Prescription

Prsc_Rcpf
II

I n"pt I

rBR"Ello-]
l&ncptorl
lQncptnul
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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

Figure 4.17 A class diagram of a computerizedunit-dose dni'g distribution system for

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

Copyright by Mahidol UniversityCopyright by Mahidol University
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Subsystem 3 : Patient's discharge

- Sub-system 3.1 : Patient's out-ward management

- Sub-system 3.2 : Patient's discharge updatation

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

sub-system 3.2 :Pattent's discharge updatation ,

Sub-system4 : Drug inventory

- Sub-system4.l : Drugrequirement

X'igure 4.19 A class diagram of a computerized unit-dose drug distribution system for

zub-system 4.1 : Drugrequirement
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- Sub-system 4.2 : Drug reoeived for unit-dose sub-

stock

Figure 4.20 A class diagram of a computeized unit-dose dnrg distibution system for

sub-system 4.2 : Drugreceived for unit-dose sub-stock

- Sub-system 4.3 : Drug dispensing

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

sub-system 4.3 : Drugdispensing

-@!unuam6bUIedUnlt
@MedForm
&PactOty
€bsoragd
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Sub-system 5 : Report

- Sub-system 5.1 :

- Sub-system 5.2 :

Patient report

Drug dispensing report

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

*-ffi
Figure 4.23 A class diagram of a computeized unit-dose drug distribution system for

zub-system 6.1 : Cost for Patient's room & bedCopyright by Mahidol UniversityCopyright by Mahidol University
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- Sub-system 6.2 : Cost for patient's drug dispensing

Figure 4.24 Actass diagram of a computerized unit-dose drug distibution system for

zub-system 6.2 : Cost for patient's drug dispensing

Sub-systemT: Basedata

- Sub-system 7.1 : Pssonal data

Figure 4,25 Aclass diagram of a oomputeizedunit-dose dnrg distribution system for

sub-system 7.1 : Personal data
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- Sub-system7.2 : Deparhent dafa

Figure 4.26 A class diagram of a computerized unit-dose dnrg distibution system for

zub-system 7.2 : Department data

- Sub-system 7.3 : Diagnostic data

Figure 4.27 A class diagram of a computerized unit-dose dnrg distribution system for

sub-system 7.3 : Diagnostic data

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

zub-system 7.4 : Discharge data

Sub-system 7.4 : Discharge data

f p"hstdl I
I@octrstts I l@

l&psrrramel le

P6(
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- Sub-system 7.5 : Payment

Figure 4.29 A class diagram of a computerized unit-dose

zub-system 7.5 : Payment data

system for

data

-

I p.tast I

l$paust I

l@esnumel

Tr-*r* I
l&tncorre I

l&tcttamel

l6otru |

drug disribution

- Sub-system 7.6 : Dispensing data

Figure 4.30 A class diagram of a computeizedunit-dose drug distribution system for

zub-system 7.6 : Dispensing data

- Sub-system 7.7 : Drugdata

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

zub-system 7.7 :DrugdataCopyright by Mahidol UniversityCopyright by Mahidol University
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' 4.1.2.1.2 DataDictionary

A data dictionary contains descriptions ofclasses attributes and

associations.

Logical vievt

Ward

Derived from IDpm

IDpm

ICDIO:

ICDl0Name :

ICDlO DchTlpe

Private Properties: Private Properties:

DchType:

DTName:

Spclty BtType

Derived from Dpm
Private Properties: Privale Properties:

" Rf.L"t Spclty: ptType:

; t)erived from Lct SpName : PTName :

Sphmlct 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 Propertiest 
Dchstts : Bedrlpe :

ICD9CM:
DSName : BTName:

ICD9Name :

Rate:

Figure 4.32 A data diotionary of a class diagram of a computeraedunit-dose

drug distribution system
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PaidSt

Private Propertim:

PaidSt:

PSName:

RcptSt

Private Properties:

RcptSt:

RSName:

Income

Private Properties:

lncome:

ICName :

DtTbI:

X'requency

Private Propertis:

Frequency:

Timel

Time2

Time3

Time4

Time5:

Time6:

Medlten

Private Properties:

Medltem:

MITName

MedUnit:

MedForm

PackQty:

Storage:

MedUsage

SaleRate:

MaxRfod:

Mar<Dscnt

SInpType

Private Propertie:

SlnpType:

SlnpName:

SOtpType

Private Properties:

SotpTlpe:

SotpName :

Income

Private Properties:

lncome:

ICName :

DITbI:

IltV Derived from

Medltem

Private Propertie:

Qt5&Hand:

AvgUnitCost:

QtyPend:

ReOrderQty:

Minl,wel:

Manlevel :

StockCard

Private Properties:

NewQOH:

ordQoH

ActiveQ:

Medltem

CaIDate

CalTime

RSStts:

Lct:

RSNo :

f igure 432 A data dictionary of a class diagram of a computerized unit-dose

drug distribution system(continue)

Copyright by Mahidol UniversityCopyright by Mahidol University



Chainarong Bauruksa

Ft

IPt FDT

Private hopertiw: LDT

AI.I:

RgtDT:

PreDiag:

DcbDT:

Weight:

PtTyryeCardNo:

RgtTM:

DchTM:

IPtDct

Private Propertie:

IPtDiag

Private Propertie:

ItemNo:

AI.[:

Results / 92

IPIDeath

Private Properties:

Item}.[o :

AI.[:

Prec

Private Propertis:

PrscNo:

PrscDT:

DailyNote:

DscAmt:

SOtpDT:

PrscTM:

SOtpTM:

AlrI:

FTM

LTM

Figure 432 Adata dictionary of a class diagam of a computerized rmit-dose

dnrg distibution system (continue)
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PEcDt

Private Properties:

PrscQty:

PrscNo:

Medltem:

SaleRate:

RtudAmt:

Dose:

StopDT:

NoODays:

PDTTMI

PDtTM2

PDITIVI}

PDtTM4

PDtTM5

PDtTM6:

StopTM

PrscDT:

Frequency:

OrderTSpe:

EmPrscDt

Private Properties:

PrscQty:

PrscNo:

Medltem:

SaleRate:

RfindAmt:

Dose:

StopDT:

NoODays:

PDtTMl:

PIXTI\{2

PT}tTM3

PDtTM4

PDtTM5

PDtTM6

Frequency:

StopTM:

PDIDT:

OrderTSpe:

SInp

Private Properties:

SInpNo:

Lct:

SInpDT:

Note:

SInpTM:

MRqt

Private Properties:

Lct:

MOtpNo:

Note:

RqtDT:

RqtTM:

MRqtDt

Private Properties:

Lct:

RqtDT:

Medlte,m:

PackQty:

RqtQty:

RqtTM:

SInpDt

Private Properties:

X'igure 432 Adata dictionary of a class diaeram of u *-potlrii"a rmit-dose

drug disilribution system (continue)

43e1e
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Lct:

SInpNo:

Medltem:

SOtp

Private Properties:

SOtpNo :

Lct:

OtpDT:

OtpTM:

SOtpDt

Private Properties:

otpQf:

Lct:

SOtpNo:

Medltem:

OtpDT:

SOtpNote

Private Properties:

Note:

Lct:

SOtpNo :

OtpDT:

IncOth

Private Properties:

HN:

IncOthDT:

Rezults / 94

Income:

RcptAmt:

IncOthTM:

CaIAmt:

DscAmt:

RmnAmt:

NoOfltems :

Rcpt

Private Properties:

RcptNo :

RcptDT:

RcptTM:

Figure 4.32 Adata dictionary of a class diagram of a computerized unit-dose

drug distibution system (continue)

4.1.2.2 Dynamic Model

4.1.2.2.1 Scenario Dlagraln

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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lPt Pt Ward Rf ilot Dct Nu PtTvpe Rf rcs

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

for zub-system 1.1 :Patient's admission

BedTlpe Failst

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

for sub-system 1.2: Patient's in-ward management

3: ls admltted lnto
--t-- lil

4: is_refered_from
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ttt
Figure 4.35 A scenario diagram of a comluterized unit-dose drug distribution system

for sub-systemZ.7 : Doctor forln-Patient
lPtDiag lPt Dd ICD1O Spclg

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

for zub-system 2.2 : Patient's Diagnosis

Figure 4.37 A scenario diagram of a computeruedunit-dose drug distribution system

for sub-system 2.4 : Patient's Operation

Dct

I

, 1: ls_cued_by ,r-l
I z: circ

h 
' 
l"-dlugno""'d
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tcDl0

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

for zub-system2.S : Patient's Dead diagnosis

Pre lPt PtType PaldSt Nu Ps Rcpt

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

for zub-system 2.6 : P aiient's Medication : Prescription

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

for sub-system 2.6 :Pattent's Medioation : Order for Drugs and Services
EI.Pr€d)t PrEc Ps Frs$Ensy llw

Figure 4.41 Ascenario diagram of a computerized unit-dose drug disnibution system

for zub-system 2.6 : Patient's Medication : Order for Dnrgs and Service.s with Error

lPt DchStb DchTy,pE RfrLct RrCB

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

for zub-system 3 : Patient's dischargeCopyright by Mahidol UniversityCopyright by Mahidol University
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MRqtDt MR* RqtLct INV Slnp SlnpType SPhmLct

6: ls E@lved to

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

or sub-system 4.1 : Drug requirement

I

Iffi
Figure 4.43 Ascenario drbgru- of A computeriled unit-ddse drug distribution system

for sub-system4.2: Dnrg receive

Sots sPhmLcsoFType SoFNote soFDt INV SbclGard

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

for sub-system4.3 : Drug dispenseCopyright by Mahidol UniversityCopyright by Mahidol University
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RTypE lncome

Figure 4.45 Ascenario diagram of a computerizedunit-dose drug distribution system

for zub-system 5.6 : Reporting forvalue of patient's medication

Figure 4.46 Ascenario diagram of a computet'uedunit-dose drug distribution system

for sub-system 5 : Calculating cost

4.1.2.2.2 Event flow diagram

An event flow diagram provides a view of the interaotions

or structural relationships that occur between objects and object-like

entities in the current model.
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frcldReGr-Ll

Figure 4.47 At even-flow diagram of a computerized unit-dose dnrg disfribution

system for sub-system 1.1 : In-Patient's registrationupdatation

r
I

I

Admisslon Oct

Pdleflb Bd MaEgEmert

E
i

meolBed

PaldS:ffirsof Admlsslon-r r ParoS-lL-----l_____l

Figure 4.48 An even-flo$, diagram of a computerized unit-dose dnrg distribution

system for zub-systeml. 2 : In-Patient's in-warfl management

Figure 4.49 Ar-evetr-flow diagram of a computerized unit-dose dnrg distribution

system for zub-system2.l : Doctor for In-Patient

DasmGls br lcDlo

_1_tr!
Figure 4.50 An ever-flow diagram of a computeized

system for sub-syst em 2.2 : Patient's Diagnosis

unit-dose drug distibution
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system for sub-system 2.3 : Patient's Operationr
I

Dealh DbgrEb tu ED'10
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_t_t9
Figure 4.52 An, even-flow diagram of a computerized unitdose dnrg disfribution

Chainarong Baunrksa

system for sub-system 2.4 :Patrens's Death Diagnosis
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Figure 4.53 An even-flow diagram of a computerized unit-dose

Results /102

drug distibtrtion

system for zub-system 2.5 : Patient's Medication: prescription

Figure 4.54 An even-flow diagram of a computerized unitdose drug distibution

system for zub-system 2.5 : Patient's Orders for Drugs and ServicesCopyright by Mahidol UniversityCopyright by Mahidol University
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Figure 4.55 An even-flow diagram of a computerized unitdose dnrg disfribution

Services with Errors

Figure 4.56 An even-flow diagram of a comprserized unit-dose dnrg distribution

syste,m for sub-system 3 : Patient's Discharge

sy$em for sub-system 2.5 fatient's Orders * rffi,

-l-l
IXsclErgE Stats of ln+dT

E
-y'*'**l**:LEE

Recehins 

TjT 
Frequlsmon

l*{-*n n**r,'r rv*$[*t -***ry
Figure 4.57 An even-flow diagram of a computerized unit-dose dnrg distribution

system for sub-system 4.1 : Dnrg Requirement
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Figure 4.58 An even-flow diagram of a computerized unit-dose drug distribution

system for sub-system4.2: Drug Receive

|*.j_,,,

Type of Drug

ob br Drug Dspenslng

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

system for zub-system 4.3 : Drug Dispense

Figure 4.60 An even-flow diagram of a computer'ued unit-dose drug distribution

system for sub-system 5.6 : Value for Patient's Medication

E
I

ReceMng

I"oentl*,,

Fi*

fsto"l.c"d Itl
I

StockCad Recoding

Dise ensinsilsohu]

I

Drug DlspEnslngr

StockCard.Recordlng
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Figure 4.61 An even-flow dia,gam of a computerized r:nit-dose drug disftibution

system for zub-system 5.6 : Calculating Cost

4.1.2.2.3 State fransition diagram

A state diagram is used to show the state of a given class,

the events that oause a transition from one state to another, and the

actions that result from a state change. Eaoh state diagram is

associated with one class or one use case. Druing design, state

diagrams are useful for caphring the dpamic behavior of

individual classes.

A state diagam consists of states connected by ftansitions

and describes the life history of objects of a given class. A state

diagram show exactly one start statg 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.
I o.t+aflert * admtsalon c6r[er

I

I

ln-Pat€rt ls dscharged rcglstercd

I
e) rte"tet't'6h dsoharged reglstmtlon

Figure 4.62 A s1a1s 6ansition diagram of a computerized unit-dose drug distribution

system for Class : Pt Copyright by Mahidol UniversityCopyright by Mahidol University
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F'igure

system for Class : IFt

Figure 4.64 A state tansition diagram of a computerized unit-dose drug distibution

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 identi$r input and

output values.

lvbdttemh Drug Requb[bn Note

h/hdltem b receivd f rom [t/hit Slock
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admhdond&

Figure 4.65 A data flow diagram of a computerized unit-dose drug distributiotr systemCopyright by Mahidol UniversityCopyright by Mahidol University
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Figure 4,66 Adataflow diagram of a computerized rmit-dose dnrg disribution system

for sub-system I : Patient's admission

Figure 4,67 Adata flow diagram of a computerized unit-dose drug distribution system

for zub-syst em 2 : Patient's medicationCopyright by Mahidol UniversityCopyright by Mahidol University
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r\
Pdlerfs O.t-I rard Maragernert

dsclaqedah

Pdlerfs

Figure 4.69 Adataflow diagram of a computerized unit-dose dnrg distribution system

for zub-system 4 : Drug Inventory

4.1.3 System Design Phase

This phase describes the high-level decisions about the system

implementation, including its overall stnrcture.

The steps of system design of computerized unit-dose drug

distribution system are :

disclargE dah

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

for zub-system 3 : Patient's disoharge

Copyright by Mahidol UniversityCopyright by Mahidol University



Chainarong Bauruksa

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

Base data

b. Identification of concurrency inherent in the problem.

" Table 4.1. Each subsystem with its operation time.

Rezul* /110

Subsystem Operation time

Patient's admission

Patient's medication

Patient's discharge

Drug inventory

Reporting

Calculating cost

Base data

Anytime

Anytime

Anytime

08.00am-04.00pm

Anytime

08.00am-12.00am

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 a[[ subsystems in the sa.me machine. It's necessary to find the

way to solve this concrurency inherent problem.Copyright by Mahidol UniversityCopyright by Mahidol University
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c. Allocation of subsystems to processon and tasks.

Because of concurrency inherent problem in the previous step,

each zubsys'tem will bo allocafed to various computers of the system,

which is shown in figure 4.70 md table 4.2. The allocation of

subsystems includes -anag.g prooesson for each subsystem,

identi$ing tasks which each zubsystem will operate, including times to

operate each subsystem at eachprocessor.

Clientl Client2

main emerg€,ncy

drug distibution room drug distibution room

' lAvailable time 8am - 4pm) (Available time 4pm - 8am)

Server

at

main dnrg distribution room

Client3

ward

nurse station

(Available time All time)

- Client 4

ward

dnrg dis;tribution room

(Available time 8am - 4pm)

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

dose drug distibution system.Copyright by Mahidol UniversityCopyright by Mahidol University
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Table 4.2Managqrrg clients and times to operate for each subsystem.

Time Admission Medication Discharge lnventoql Report Cost Base Data

8am Client 3 Client 1,3,4 Client 3 Client 4 Client 1,3,4 Client 3 Client 1,3,4

9am Client 3 Client 1,3,4 Client 3 Client 4 Client 1,3,4 Client 3 Client 1,3,4

lOam Client 3 Client 1,3,4 Client 3 Client4 Client 1,3,4 Client 3 Client 1,3,4

l larr Client 3 Client 1,3,4 Client 3 Client 4 Client 1,3,4 Client 3 Client 1,3,4

l2arrr Client 3 Client 1,3,4 Client 3 Client 4 Client 1,3,4 Client 3 Client 1,3,4

lpm Client 3 Client 1,3,4 Client 3 Client 4 Client 1,3,4 Client 3 Client 1,3,4

Zpm Client 3 Client 1,3,4 Client 3 Client4 Client 1,3,4 Client 3 Client 1,3,4

3pm Client 3 Client 1,3y' Client 3 Client 4 Client 1,3,4 Client 3 Client 1,3,4

4pm Client 3 Client 2,3 Client 3 Client 2,3 Client 3 Client 2,3

5pm 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 Client 3 Client 2,3 Client 3 Client 2,3 Client 3 Client 2,3

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

lOpm Client 3 Client 2,3 Client 3 Client 2,3 Client 3 Client 2,3

llpm Client 3 Client 2,3 Client 3 Client 2,3 Client 3 Client 2,3

l2pm Client 3 Client 2,3 Client 3 Client 2,3 Client 3 Client 2,3

lam Client 3 Client2,3 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 Client2,3 Client 3 Client 2,3

4am Client 3 Client 2,3 Client 3 Cliefi2,3 Client 3 Client2,3

5am Client 3 Client 2,3 Client 3 Client 2,3 Client 3 Client2,3

6arr 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 Clierit2,3

Copyright by Mahidol UniversityCopyright by Mahidol University
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d. Implementation of data stores.

For this computerized unit-dose drug disfibution 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 1s 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 terrrinology.

There are tuaditionally two different approaches to relational

database design. The first is to identiry all the atkibutes in the problem

and place them together to create and preserve the stabillty 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(amibutes) 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.Copyright by Mahidol UniversityCopyright by Mahidol University
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Object models focus upon the structure and behavior of objects,

and their relationships Ermong objects. Objects models are an effective

way of communicating with domain experts and users to reach an

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 ANISVSPARC committee on

databases. The concept is that the design consists of tlree layers :

external, conceptual and intemal. 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@ata Delinition Language). The ability to use

Rational Rose application program with relational databases is

expressed primarily in terms of the conceptual level. The lowest level

desif 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:

M.Sc.(Tech. of inform.sys.manag) / I 1 5

Relational Model

(SQL Server)

Table:

DDL generation

(by Ra$onal Rose)

Figure 4.71 Mapping of object oriented model to relational model.

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.

Copyright by Mahidol UniversityCopyright by Mahidol University
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CREATE TABLE T_MainPs(

MainPst VARCHAR(5)NOTNLJLL, CT,EATE TABLE T_ps(

MPName VARCI{AR(2S) Nor Nt LL, stf VARCHAR(S) NOTNUIJ4

PRIT,IARYKEY(}IafuPsI)) PRIMARYKEY(Sd),

go FOREIGNKEY(SIf)REFERENCEST stf

)

CREATETABTET_SI( so

stf VARCHAR(5) NOT NULL,

SPName VARCHAR(IS), CREATE TABLE T_Nu(

SFName VARCHAR(25)NOTNLTLL, Stf VARCHAR(5) NOTNLJLL,

SLName VARCHAR(25)NOTNLTLL, PRIMARYKEY(SID,

stfr)?evARcHAR(2)NorNtLL, FOREIGNKEY(Sf)REFERENCEST stf

LeveINLIMERIC(2), )

LcNo VARCHAR(S), go

DspName VARCHAR(SO),

MainPStVARCHAR(5)NOTNULL, CREA'TEVIEWDcT_V(

FOREIGN KEY (MainPst) REFERENCES Srt,

T-MainPst, SPNamg

PRIMARYKEY(SID) SFName,

go SLName,

CREATE TABLE T_Dc(

StfTlpe, L'

Level,

StrVARCHAR(5)NOTNLJLL, LcNo,

PRII\{ARY KEY(Stf), DspName,

FOREIGN KEY (SCI REFERENCES T_Stf MainPst)

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

dose drug distribution system by Rational Rose.Copyright by Mahidol UniversityCopyright by Mahidol University
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T_Stf.SPName,

T_Stf.SFName,

T_Stf.SLName,

T_Stf.StfType,

T_Stf.Level,

T_Stf.LcNo,

T_Stf,DspName,

T_MainPst.MainPst

FROM T_DctT_Stf

WHERE T Dct.StFT Stf.Stf

M.Sc.(Tech. of inform.sys.manag) / I I 7

T_Stf.SLName,

T_Stf.StfType,

T_Stf.Level,

T_Stf,LcNo,

T_Stf,DspName,

T_MainPst MainPst

FROM T_Ps,T_Stf

WHERE T Ps.StFT Stf,Stf

go

CREATE VIEW Ps_V(

stq

SPName,

SFName,

SLName,

StfType,

Level,

LcNo,

DspName,

MainPst)

AS SELECT

T_Srf.Srf,

T_Stf.SPName,

CREATE VIEW Nu_V(

s6,

SPName,

SFName,

SLName,

StfType,

Level,

LcNo,

DspName,

MainPst)

AS SELECT

T_Srf.Srf,

T_Stf.SPName,

T_Stf.SFName,

T_Stf.SLName,

tr'igure 4.72 DDL script file, which is generated from classes of computerized unit-

dose drug distribution system by Rational Rose.(Continue)Copyright by Mahidol UniversityCopyright by Mahidol University
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T_Stf.lrvel,

T_Sf.LcNo,

T_StflDspName,

T_MainPst.MainPst

FROM T_Nu,T_Stf

WHERE T NUSFT Sf.Stf

Results /118

FOREIGN KEY @pm) REFERENCES

T_Dpm)

go

go

CREATE TABLE T_Lc(

Lct VARCHAR(S) NOT NLJLL,

LctPftVARCHAR(IS),

LctName VARCHAR(25) NOT NtlLL,

CREATE TABLE T_Ward(

Dpm VARCHAR(2) NOT NtlLL,

PRIMARY KEY@pm),

FOREIGN KEY @pm) REFERENCES

T_Dpm)

go

LctType VARCHAK2)NOTNLJLL, CREATE TABLE T_RfrLc(

DspName VARCHAR(30), Lct VARCHAR(5) NOT NLILL,

DpmVARCHAR(2)NOTNLTLL, - PRIMARYKEY(LoI),

FOREIGN KEY @pm) REFERENCES FOREIGN KEY (Lct) RETERENCES T_Lct

T_Dpm, )

DpmVARCHAR(2)NOTNITLL, go

FOREIGN KEY @pm) REFERENCES

T_Dpm, CREATETABLET-RqtLc(

PRIMARY KEY(Lct)) LcTVARCHAR(5)NOTNLTLL,

go PRIMARYKEY(LcI),

FOREIGN KEY (LcO REFERENCES T_Lct

CREATE TABLE T_Dpm( )

DpmVARCHAR(2)NOTNIrLL, go

PRIMARY KEY@pm),

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

dose dnrg distibution system by Rational Rose.(Continue)
Copyright by Mahidol UniversityCopyright by Mahidol University
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CREATE TABLET_SPhmLc(

Lct VARCHAR(5) NOT NLTLL,

PRIMARYKEY(Lct),

FOREIGN KEY (txt) REFERENCES T_Lcr

)

go

CREATETABLE T_Dpm(

Dpm VARCHAR(2) NOTNI LL,

DpmPft VARCHAR(I0) NOT NLTLL,

Dpmlrlame VARCHAR(20) NOT NLTLL,

PRIMARY KEY(Dpm)

go

CREATE VIEW IDpm_V(

Dpm,

DpmPft,

Dpml'{ame)

AS SELECT

T-Dpm.Dpm,

T_DprnDpmPft,

T_Dpm.Dpmlrlame

FROM T_IDpm,T_Dpm

WHERE T_tDpm. Dpm=T_Dpm.Dpm

CREATE VIEW Ward_V(

Dpm,

DpmPfrq

Dpm}.Iame)

AS SELECT

T_DpnDpm,

T-ppm.DpnPfu

T_Dpm"Dpm}'lame

FROM T_Wrd,T_IDpm,T_Dpm

WHERE T_Ward.Dpm=T_IDpm.Dpm

AI.[D T_IDpm.Dpm=fDpm"Dpm

go

CREAIE YIEW RfrLct_V(

Lct,

I-ctPfiq

Lctlrlame,

LctTlpe,

DspName,

Dpm,

Dpm)

AS SELECT

T-Lct.Lct, +'

T_Lctt ctPEL

T_Lct.LctName,

T_t*t.LctTlpe,

Figure 4-72 DDL script fiIe, which is generated from classes of computerized unit-

dose drug distribution system by Rational Rose.(Continue)
Copyright by Mahidol UniversityCopyright by Mahidol University
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T_Dpm.Dpm,

T_Dpm.Dpm

FROM T_RfrLct T_Lct

WHER.E T_RfrLct.LcFT_Lct.Lct

Results /120

CREATE VIEW SPhmLct_V(

Lct,

LctPft,

LctName,

LctType,

DspName,

Dpm,

Dpm)

AS SELECT

T_Lct Lct,

T_Lct.LctPfiq

T_Lct.LctName,

T_Lct.LctType,

T_Lct.DspNarne,

T_Dpm.Dpm,

T_Dpm.Dpm

FROM T_SPhmLcqT_Lct

WHERE T_SPbmLct.LcFT_Lct.Lct

CREATE VIEW RqtLct_V(

Lc\

LctPfiL

LctName,

LctType,

DspName,

Dpm,

Dpm)

AS SELECT

T_Lct.Lct,

T_Lct.LctPfir,

T_Lct.LctName,

T_Lct.LctType,

T_Lct.DspName,

T_Dpm.Dpm,

T_Dpm.Dpm

FROM T_RqtLct,T_Lct

WHERE T_RqtLct.LcFT_Lct.Lct

go

CREATE TABLE T_rCD9CM(

rcDgcM VARCHAR(7) NOT NrrLL,

ICD9Name VARCHAR(200) NOT NULL,

PRTMARY KEY(ICD9CM))

go

go

Figure 4.72 DDL script fi"le, which is generated from classes of computerized unit-

dose drug dishibution system by Rational Rose.(Continue)

I
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CREATE TABLET_SpcM

Spclty VARCHAR(4) NOT NLJLL,

SpNane VARCHAR(40) NOT NLTLL,

PRIMARYKEY(spclty))

go

T_Spclty,

PRTMARYKEY(ICDI0))

go

CREATE TABLE T_Dchstts(

Dchstts VARCHAR(4) NOT NULL,

CREATE TABLE T_DchType(

DchTlpe VARCHAR(4) IIOT NLTLL,

DTName VARCHAR(40) NOT NULL,

PRIMARY IGY@chType)

go

CREATE TABLE T_PtT)De(

ftType VARCHAR(4) NOT NLTLL,

PTNane VARCHAR(4O) NOT NLTLL,

Rightt VARCHAR(20) NOT NULL,

CREATE TABLE T_ICDI0( CREATE TABLE T_Rish(

ICDI0 VARCHAR(7) NOT NLJLL, Rightr VARCHAR(20) NOT NIJLL,

ICDl0Name VARCHAR(2O0) NOT NLrtL, RName VARCHAR(2O),

spcltyvARcHAR( )NOTNLTLL, PRIMARYKEY(Rigbfi))

FOREIGN KEY (Spclty) REFERENCES so

DSName VARCHAR(40) NOT Nt LL, FOREIGN KEY (Rightt) REFERENCES

PRIMARY KEY(Dchstts)) T_Riehtq

Bo PRIMARYKBY@TYPe)

go

CREATE TABLE T_RfiCs(

RfiCs VARCHAR(4) NOT NLJLL, CREATE TABLE T-BedTpe(

RCName VARCHAR(40) NOT NIJLL, BedTlpe VARCHAR(2) NOT NULL,

PRIMARY KEY(RfrCs)) BTName VARCHAR(20) NOT NIJLL,

go RaIeNUMERIC(9,5),

PRIMARY KEY(BedType)

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

dose drug distribution system by Rational Rose.(Continue)Copyright by Mahidol UniversityCopyright by Mahidol University
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CREATE TABLE T_RsptSt(

RcptSt VARCHAR(4) NOTNLTLL, CREATE TABLE T_SInpType(

RSName VARCHAR(40)NOTNULL, S[npTlpe VARCHAR(2)NOTNLTLL,

PRIMARY KEY(RcptSt)) SlnpName VARCHAR(30) NOTNULL,

go PRIMARYKEY(SInpTpe))

go

CREATE TABLE T_PaidS(

Paidst VARCHAR(4) NOT NULL, CREATE TABLE T_SOtpType(

PSName VARCHAR(40) NOT NULL, SOtpType VARCHAR(3) NOT NULL,

PRIMARY KEY(PaidSQ) SOtpName VARCHAR(3O) NOTNLJLL,

go PRIMARY KEY(SOtpT),pe))

CREATE TABLE T_Income(

lncome VARCHAR(4) NOT NULL,

ICName VARCHAR(4O) NOT NULL,

DtTbl VARCHAR(I5),

PRIMARY KEY(Income))

go

CREATE TABLE T_Frequency(

Timel DATETIMEQ,

Time2 DATETIMEQ,

Time3 DATETIMEQ,

Time4 DATETIMEQ,

Time5 DATETIMEQ,

Time6 DATETIMEQ,

PRIMARY KEY(Frequency))

go

CREATE TABLE T_Medltem(

Medltem VARCHAR(I0) NOT NULL,

MITName VARCHAR(S) NOT NULL,

MedunitVARCHAR(7),

MedForm VARCIIAR(7),

PackQty NUMERIC(5) NOT NULL,

Storage VARCHAR(7),

Frequency VARCHAR(S) NOTNULL, MedUsage VARCHAR(7) NOTNLJLL,

SaleRate NUMERI C(9,2),

Ma&tod NLJMERIC(9,2'),

MaxDscnt NUMERIC(9,2),

Income VARCHAR(4) NOT NULL,

FOREIGN KEY (Income) REFERENCES

T_Income,

PRIMARY KEY(MedItem))

go

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-INV(

atlOnUanaNUMERIC(20,2), MedIIemVARCHAR(10)NOTNULL,

AvgUnitCostNUMERIC(20,2), FOREIGN KEy (Medttem) REFERENCES

QtyPendNUMERIC(20,2), T_INV,

ReOrderQtyNUMERIC(20,2), PRIMARY

Minlevel NUMERIC(20,2), KEy(Medltem,CalDate,CalTime,RSStts,LclR

MaxLevelNLrMERIC(20"2), SNo), LJMeLJE(

RateusePerMonth NUMERI0(20,2), Medltem,calDate,calTime,RSStts,LclRSNo))

SpecialCode VARCHAR(4), go

SaIeUnitVARCHAR(10), CREATE TABLE T_ft(

Medltem VARCHAR(IO) NOT NLTLL, HN VARCHAR(9) NOT NULL,

PRIMARY KEY(MedItem), pName VARCHAR(15)NOTNULL,

FOREIGNKEY(ModIIem)REFERENCES FNameVARCHAR(25)N0TNLJLL,

T_Medltem LName VARCHAR(25) NOTNULL,

) nfthDTDATETTME9NoTNULL,

gO DThDTDATETTMEO,

Mate VARCHAR(4) NOT NULL,

CREATE TABLE T_StockCard( BloodGrp VARCHAR(4),

NewQOH NUMERIC(9,2), Allergy VARCHAR(30),

OIdQOH NUMERIC(9,2), MrrLSt VARCHAK4),

ActiveQ NUMERIC(9,2), prTlpe VARCHAR(4) NOT NULL,

Medltem VARCHAR(10)NOrNLrLL, FOREIGNKEy @rTpe) REFERENCES

CalDate DATETIMEQNOTNULL, T_ptType,

CalTime NUMERIC(9,2) NOT NULL, pRIMARY KEY(IIN))

RSStts VARCHAR(I)NOTNULL, Bo

Lct VARCHAR(S) NOT NLTLL,

RSNo NUMERIC(9,0) NOT NtlLL,

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(g) NOT NI.'LL,

RgtDT DATETIMEO NOT NULL,

PreDiag VARCHAR(30), FOREIGN KEY @chSus) REFERENCES

DchDT DATETIIVIEQ, T_DchStts,

weight NLTMERIC(3,0), DchType VARCHAR(4) NOT NULL,

ftTypeCardNo VARCHAR(I0), FOREIGN I(EY @chType) REFERENCES

RgtTM NUII{ERIC(8,0) NOT NLJLL, T_DchType,

DchTMNUMERIC(8,0), Stf VARCHAKS)NOTNULL,

DpmVARCHAR(2)NOTNLTLL, FOREIGN KEY (Stf) REFERENCES

FOREIGN KEY (Dpm) REFERENCES T-Dct,

T_War4 STDVARCHAR(5)NOTNULL,

ftType VARCHAR(4)NOTNLJLL, FOREIGN KEY (StD REFERENCES T_Nu,

FOREIGN KEY (PtType) REFERENCES stB VARCHAR(S) NOT NITLL,

T_PtType, FOREIGNKEY (St$ REFERENCES T_Nu,

Lct VARCHAR(S) NOT NLJLL' HN VARCHAR(9) NOT NULL,

FOREIGN I(EY (LO REFERENCES FOREIGN KEY (TIN) REFERENCES T_Pt,

T_ItfrLct PRIMARYKEY(AN))

Lct2 VARCHAR(5)NOTNULL, Eo

FOREIGN KEY (LcD REFERENCES CREATE TABLE T_tPtAdm(

T_RfrLct, TnDTDATETIME0NOTNULL,

RfrCs VARCHAR(4)NOTNULL, RoomNo VARCHAR(5)NOTNULL,

FORETGN KEY @frCs) REFEFbNCES BedNo VARCHAR(5),

T_RfiCs, DayCnINUMERIC(4),

RfrCs2 VARCHAR(4) NOTNULL, OutDT DATEQ,

FOREIGNKEY @frCs) REFERENCES InTMNUMERIC(8,0)NOTNLJLL,

T_RfrCs, OuTTMNUMERIC(8,0),

Dchstts VARCHAR(4) NOT NULL,

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)NOTNLJLL, FOREIGN KEY (Stf) REFBRENCES

FOREIGN KEY (AN) REFERENCES T-Dct,

T_IPt, PRTMARYKEY(FDT/AN,FTM),

BedType VARCHAR(2)NOTNLILL, UMQLJE(FDT,AII,FTM))

FOREIGN KEY @edType) REFERENCES go

T_pedType, CREATETABLELPtDiag(

PaidSt VARCHAR(4) NOT NULL, ItemNo NLTMERIC(2) NOT NLTLL,

FOREIGN KEY (Paids0 REFERENCES AN VARCHAR(9)N0TNULL,

T_PaidSt, FOREIGN KEY (AN) REFERENCES

RcptNo VARCHAR(9)NOTNLJLL, T_IPt,

FOREIGN KEY (RcptNo) REFERENCES Stf VARCHAR(5)NOTNULL,

T_Rcpt, FOREIGN KEY (StD REFERENCES

STfVARCHAR(5)NOTNLTLL, T_Dct,

FOREIGNKEY(STDREFERENCEST-Nu, ICDI0VARCHAR(7)NOTNULL,

PRIMARY KEY(InDT,AI.I,InTM), FOREIGN KEY (ICDI0)REFERENCES

UNIQLiE(InDT,AN,InTM)) T_ICDI0,

go SpIctyVARCHAR( )NOTNLJLL,

CREATE TABLE T_IPtDct( FOREIGN KEY (Splcty) REFERENCES

FDT DATETIMEQNOTNULL, T_Spclty,

LDT DATETTME0, ICDIo VARCHAR(7) NOT NLTLL,

FTMNT.]MERIC(8,0)NOTNULL, FOREIGN KEY (ICDI0) REFERENCES

LTMNLTMERIC(8,0), T_ICDlo,

AN VARCHAR(9) NOT NULL, PRIMARY KEY(ItemNo,AN),

FOREIGN KEY (AN) REFERENCES {.JNIQUE( [temNo,AN))

T_IPt, 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 DATETIMEQ NOT NLJLL,

IPtOprtTM NLTMERIC(8,0) NOT NLTLL,

rcDgcM VARCHAR(7) NOT NTJLL,

FOREIGN KEY (ICDgCM) REFERENCES

T-ICDgCM,

stf vARcHAR(s) NoT NULL,

FORETGN KEY (Sr0 REFERENCES

T_Dct

AN VARCHAR(g) NOT NULL,

FORETGN KEY (A}I) REFERENCES

T_IPL

PRIMARY

KEY(tft OprtDT,AN, [PtOprtTM),

LTMQLTE( IFtOprtDT,AI.I,IftOprtTM))

go

CREATE TABLE T_IFtDeath(

ItemNo NLTMERIC(2) NOT NULL,

AN VARCHAR(g) NOT Nr.rLL,

FOREIGN KEY (AI$) REFERENCES

T_IPL

Splcty VARCHAR(4) NoT NULL,

FOREIGN KEY (Splcty) REFERENCES

T_Spclty,

rcDlo VARCHAR(7) NOT NULL,

Results /126

FORETGN KEY (rcDlo) REFERENCES

T_ICDl0,

PRIMARY KEYQtemNo"AN),

IJMQUE( ItemNo,AN))

go

CREATE TABLE T_Pnc(

PrscNo NLJMERIC(9) NOT NLJLL,

PrscDT DATETIMEQ NOT NLJLL,

DailyNore VARCHAR(200),

DScAmtNUMERIC(9,2),

SOtpDTDATETIMEQ,

PrscTM N[TMENC(92) NOT NLTLL,

SOTpTMNUMERIC(8,0),

AN VARCHAR(g) NOTNULL,

FOREIGN KEY (AN) REFERENCES

T-IPI,

PtType VARCHAR(4) NOT NULL,

FOREIGN KEY @Type) REFERENCES

T_PtType,

PaidSt VARCH'AR(4) NOT NULL,

FOREIGN KEY @aidSt) REFERENCES

T_PaidSt,

RcptNo VARCHAR(9) NOT NULL,

FOREIGN KEY @cptNo) REFERENCES

T_Rcpg

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

dose drug distribution system by Rational Rose.(Continue)Copyright by Mahidol UniversityCopyright by Mahidol University
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FOREIGNKET (Sf) REFERENCES T_I'[q

stD VARCITAR(5) NOT NrrLL,

FOREIGNKEY (Sd) REFERENCtsS T_Ps,

RcptNo VARCHAR(9) NOT NIJLL,

FOREIGN KEY @cptNo) REFERENCES

T_Rcpt,

PRIMARY KBY(PrscNo)

go

CREATETABLET_PrscD(

PrscQty NLiMERIC(9) NOT Nt LL,

SaleRate NUNERI C(9,2'),

RfindAmt NLTMERIC(9,2\,

DoSeNUMERIC(S),

StopDT DATETIMEQ,

NoODays NIIMERIC(2),

PDTTMI NUMERIC(8,0),

PDTTI\{2 NUMERIC(8,0),

PDITIVA NUIVIERIC(8, 0),

PDTTM4NIJMERIC(8,0),

PDTTMs NUMERIC(8,0),

PDTTM6NLIMERIC(8,0),

StopTMNUMERIC(8,0),

PrscDT DAIETIMEQ NOT NULL,

Ordet'Ilpe VARCHAR(I) NOT NULL,

PrscNo NLJI\ERIC(9) NOT NULL,

FOREIGN KEY @rscNo) REFERENCES

T_!rsc,

M. Sc.(Tech- of inform" sy s.manag) I 127

Freryency VARCHAR(S) NOT NULL,

FOREIGNKEf Grequ€ncy)

REFERENCES T_Frequency,

strvARcHAR(s) NOT NUIJ,

FOREIGNKEY (Sd) REFERENCES T_Ps,

Medtt€m VARCHAR(IO) NOT Nt LL,

FOREIGN KE Y (Medltem) REFERENCES

T_INV,

PRIMARY

KEY@rscNoJvledltem,PrscDT,Frequenry,Ord

et'Iype),

IJMQIJE( PrscNo,Medltem,PrscDl

Frquency,OrdaType))

Go

CREATE TABLE T_EnPrscDt(

PrscQty NIIMERIC(9,0) NOT NULL,

SateRaile NUMERIC(9,2),

RtudAmtVARCIIARQ,

DoseNUMERIC(5,0),

StopDTDATETIMEQ,

NoODaysNUMERIC(2,0),

PDITMI NUMERIC(8,0),

PDTTM2NUMERIC(8,0),

PDTTM3 NUMERIC(8,0),

PDTTM4NUMERIC(8,0),

PDITM5 NUMERIC(8,0),

PDTTM6 NUMERIC(8,0),

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

dose drug distribution system by Rational Rose.(Continue)
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StopTM NUMERIC(8,0), CREAIE TABIE T-SInp(

PDTDT NT MENC(8,0) NOT NIrLL, SInpNo NT MERIC(9) NOT NULL,

OrdeI{}peVARCHAR(1)NOTNULL, SInpDTDATETIMEQNOTNULL,

PrscNo NUMERIC(9) NOTNULL, Note VARCIIAR(40),

FOREIGNKEY(PrscNo)REFERENCES SItrpT\{NIJMERIC(8,2)NOTNIrLL,

T_Prsc, Lct VARCIIAR(S) NOT Nt LL,

FrequenryVARCHAR(s) NOT NULL, FOREIGI'{KE'Y (LcI)REIERENCES

FOREIGNI(EY @reErency) T-SPhmLct,

REFEREhICES T_Frquency, SIryType VARCIIAR(2) NOTNULL,

StrVARCHAR(S) NOTNULL, FOREIGNKEY (SlryType) REFER,ENCES

FOREIGNKEY(SIf)REFERENCESTJc T_SInpTlpe

PrscNo NLJMERIC(9) NOT Nt LL, PRIMARY KEY(SInpNo,Lct), T MQUE(

FOREIGNKEY (PrscNo) REFERENCES SInpNo,Lct))

T_Prsc,

Frequency VARCHAR(5) NOT NULL,

FORBIGNKEY @requency) CREATETABLET_IvRqt(

REIIERENCES T_Freryency, MOtpNoNUMERIC(9),

MedIIemVARCHAR(IO)NOTNI LL, NoIeVARCIIAR(40),

FOREIGN KEY (Medltem) REFERENCtsS RqtDT DATEilMEQ NOrt NULL,

T_INV, RqtTMNt MENC(8,2) NOTNIJLL,

PRIMARY LcTVARCHAR(5)NOTNULL,

KEY@rscNo,MedlterqFrequency,PDtDT,Orde FOREIGN KEY (Lct) REFERENCES

rTlpe), ITMQLTE( T_RqtLct,

PrscNo,Medltenr,Frequency,PDtDT,OrdqTS/pe PRIMARY KE'Y(Lct RqtDT,RqtT\d),

) t MQITE(LctRqtDT,RqtT\,f))

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

dose drug distribution system by Rational Rose.(Continue)Copyright by Mahidol UniversityCopyright by Mahidol University
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' CREATETABLET-IIrIRqIDI( CREATETABLET-SInpDI(

RqtDT DATETIME0NOTNLJLL, InpQtyN[JMERIC(9),

Medltem VARCHAR(I0) NOT NLJLL, SInpNo NUMERIC(9) NOT NLTLL,

PaokQUNUMERIC(5)NOTNULL, LGTNUMERIC(5)NOTNIJLL,

RqtQty NLJMERIC(S) NOT NLJLL, FOREIGN KEY (SInpNo) REFERENCES

RqtTM NLTMERIC(8,2) NOT NULL, T-SInp,

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

RqTDTDATETIMEQNOTNULL, T-SInP,

RqTTMNUMERIC(8,2)NOTNULL, MedIIemVARCHAR(10)NOTNULL,

FOREIGN KEY (Lct) REFERENCES FOREIGN KEY (Medttem) REFERENCES

T_MRql T-[NV,

FOREIGNKEY (RqtDT) REFERENCES PRIMARY KEY(Lct SlnpNo,Medltem),

T_MRql

, 
TOREIGN KEY @qtTM) REFERENCES LJMQLJE( Lct SlnpNo,Medltem))

T_MRqt, go

SInpNoNUMERIC(9)NOTNULL, CREATE TABLE T-SOtp(

LcENUMERIC(5)NOTNULL, SOtpNoNIIMENC(9)NOTNLJLL,

FOREIGNKEY(SInpNo)REFERENCES OtpDTDATETIMEQNOTNLTLL,

T_SInp, OTpTMNLJMERIC(82)NOTNLJLL,

FOREIGN KEY (Lc| REFERENCES SOtpType VARCHAR(3)NOTNULL,

T-Slnp, FOREIGN KEY (SOIPTYPe)

Medltem VARCHAR(I0) NOT NULL, REFERENCES T-SOtpType,

FOREIGNKEY(Medltem)REFERENCES LcTVARCHAR(5)NOTNULL,

T-INV, FOREIGN KEY (Lc| REFERBNCES

PRIMARY T-SPhMLCI,

' KEY(Lct,RqtDT,MedIterqRqtTM), PRIMARYKEY(SOtpNo,Lct), ITNIQUE(

LTNIQLTE( Lct,RqtDT,Medttem,RqtTM)) SOtpNo,Lct))

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_SOtpDt( CREATE TABLET_IncOth(

OtPAry NUMERIC(9), ItrcothDT DATETII'IEO NOTNI.JLL,

OIpDTDATETIMEONOTNLTLL, RcptAmtNt MERIC(9,2),

SOtpNo NLTMERIC(9) NOT NLTLL, rDcOrhTM NUMERIC(9,2) NOT NULL,

Lct NUMENC(S) NOT NLTLL, CaLAmt NLTMERIC(9,2) NOT NLJLL,

FOREIGNKEY(SOtpNo)REFERENCES DscAmtNLrMERIc(g,2)NorNULL,

T_SOtp, RmnAmINIJMERIC(9p)NOTNULL,

FOREIGN KEY (Lct) REFERENCES NoOfltemsNLJMERIC(9)NOTNULL,

T-SOtp, RcptNo VARCHAR(9)NOTNLTLL

Medltem VARCHAR(I0) NOT NIJLL, UNreUE,

FOREIGN KEY (MEdIIEM) REFERENCES FOREIGN KEY (RCPINO) PGFERENCES

T-[NV, T-RCP!

PRIMARY KEY(Lct SotpNo,Medltem), paidSt VARCHAR(4) NOT NIrLL

UMQUE(LcqSOpNo,Medltem) UNIeUE,

so FOREIGN KEy @aidSt) REFERENCES

T__PaidSt

CREATE TABLE T_SOtpNote( mtype VARCHAR(4) NOTNILL

NoIeVARCHAR(40), UNIQUE,

OtpDT DATETIME0NOTNULL, FOREIGN KEy (ftType) REFERENCES

SO.tpNo NLJMERIC(9) NOT NLILL, T_prType,

Lct NTJMERIC(S) NOT NI.,LL, HN VARCHAR(9) NoT NI.JLL I.,NIQUE,

FOREIGN KEY (sorpNo) REFERENCES FoRETcNKEy (r{N) REFERENCES T_pr,

T*SOtp, lncome VARCHAR(4) NOTNLTLL

FOREIGN KEY (Lct) REFERENCES UNIQI.JE,

T_SOtp, FOREIGN KEy (Income) REFERENCES

PRIMARY KEY(Lct SOtpNo), LTNIeITE( T_Income,

LCt,SOtPNO)) STTVARCHAR(s) NOTNI,]LL UNIQUE,

go

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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FOREIGNKEY (Stfl REFERENCES T_Nu,

PRIMARY

KEY(HN, IncOthDT,Income, [ncOthTM),

LJMQTTE(

HN,IncOthDT, lncome, IncOthTM))

go

CREATE TABLE T_R"p(

RcptNo VARCHAR(9) NOT NULL,

RcptDT DATETIMEQ,

PtTlpe VARCHAR(4) NoT NULL

UNIQUE,

FOREIGN KEY (ptType) REFERENCES

T_ltType,

RcptSt VARCHAR(4) NOT N[JLL

[.IMQUE,

FOREIGN KEY @eptst) REFERENCES

T_RcptSt,

PRIMARY KEY(RcptNo))

Figure 4.12 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 imForted

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 dishibution

system for sub-system 1.1 : Patient's registration updatation.
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X'igure 4.74 Cotceptual 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 distuibution

system for sub-system2.l : Doctor for each patient.

X'igure 4.76 Conceptual data model of a computerized unit-dose drug distibution

system for sub-syst em 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-syst em 2.3 : Patient's Operation.

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

system for sub-system2.4: Patient's Death diagnosis.

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 4.80 Conceptual data model of a computerized unit-dose drug disribution

system for sub-system2.S: Patient's Medication : Drugs and Services.

Figure 4.81 Conceptual datamodel of a drug disftibution

system for sub-system 2.5 : Patient's Medication : Drugs and Services with Errors.

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

system for sub-systern 3.2 : Patient' s Discharge Updatation

m-ffiIffi-d ---{gqtffiifi ----{
HI{GH flffilEffi----n
m!!!''r!!-r_.:::lgllMd.o.t il
H lnMdu
A Isddc& il
H-14ffi ---{

computerized unit-dose
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Figure 4.83 Conceptual data model of a computerized unit-dose drug dishibution

system for sub-system 4.1 : Drug Requirement.

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

system for sub-system4.2: Drug Receive.

Figure 4.85 Conceptual data model sla semputerized 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.

ptTylg-*__,_
PfNoc ._^-,.-
dolrtt

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 trnit-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-system7.2.: Deparhrent data.

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

system for sub-system7.3.: Diagnostic data.

l:tRt?cs
T1[iiid,,i"

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

system for sub-system7.4.: Discharge data.

x0l1m....... . -
)TName

tsGcTyFo
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EgE........--.-.... -- -

PqlclSt
PSNlna

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

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

system for sub-system7,6,: Dispense data.

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

system for sub-system7.7.: 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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maindrug emergency ward ward dnrg

distribution room drug distribution room nurse station disribution room

(8am-4pm) (4pm-8am) (Atl time) (8am-4pm)

Figure 4.95 Resources that will be used in computerized unitdose drug disfribrsion.

Resources that will be used in computerized unitdose drug distribution are

consisted of :.

- Computers:

- Server: back-end file and database seryer

- Client stations

- LANI cable system:

- l0BaseT : IEEE 802.3 for Ethernet on UTP, 10 Mbps, baseband

- MediaAccess Control : CSIvIAICD, UTP with Startopology

- Network adapter card : Ethernet card

- Networkmedia : unshielded-trnistedpair Category 5

Q2124 AWG with impedance 100 A.)

Connector

Hub

: RI-45

: Ethernet Hub(lOBaseT Standard Hub)Copyright by Mahidol UniversityCopyright by Mahidol University
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Controlling access from clients to senrer is descdbed in figure 4.96.

Windows application : Front-end application from Visual Basic

l_

allows Clients' applications to connest

to seryer's database.

OLE DB driver

at client.

Lr.rdriver

QL sener - UnitDose

Server

Figure 4,96 Contolling access from clients to seryer in computerized unit-dose dnrg

distibution.

f. hnplemenation of softrrare control :

- Server software : File and database seryer

- Nettrork Operating System

- Network communication softvvare for standard network

protocol

i
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- Driver for network adapter card

- Ctient software :

- Opemting system

- Network commtrnication softrare for standard network

protocol

- Application Program Interface (APD

- Driverfornetworkadaptercard

4.1.4. Object design phase

4. 1.5 System irnplementation

From all of the design models from the previous 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 dnrg distibution system, Mcrosoft

Visuat 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 oActive-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 gommunication pattems called 'OLE DB', that allows clients

applications to connect to server's database.
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When a user operc an application,

user name and pass word as figwe 4.97.

log-in form is shown for the user to input

Figure 4'97 Ftont-end application of computerized unit-dose dnrg disfiibution : log-in

fomr.

If the user input a right user ID and a right password. The message box witl
display for successfully database connecting as figure 4.9g. Ad if user clicks oOK,

button, MDI form is appeared as figure 4.99.

Figure 4.98 Front-end application of computerized unit-dose

message box for successfully database connecting .

drue dishibution
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The application is divided into 7 menus, each includes sub-menu as follows :

Menu 1

Menu 2

Menu 3

Menu 4

Menu 5

Menu 6

Menu 7

Patient's admission

Doctor's order for patient's medication

Patient's discharge

Drug inventory

Reporting

Calculating cost

Base data

Figure 4.99 Front-end application of computerized unit-dose drug dishibution : MDI

form.
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lication of computerized unitdose drug distibution

Menu I : Patient's admission.

Figure 4.101 Front-end application of computerized unit-dose drug distibution

Patient's registration updatation form.
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Figure 4.102 Front-end application of computerized unit-dose drug disfiibution :

Patient's in-ward management form.

Figure 4.103 Front-end application of computerized unit-dose drug distibution

Patient's in-ward bed status.
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Figure 4.104 Front-end application of computerized unit-dose drug distibution

Patient' s new medication.

Figure 4.105 Front-end application of computerized unit-dose drug dishibution

Menu 2 : Doctor's orders for patient's medication.
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Figure 4.106 Front-end application of computerized unit-dose drug distribution :

Doctor for each in-patient.

Figure 4.107 Front-end application of computerized unit-dose dnrg disnibution

Fatient's diagnosis.

Copyright by Mahidol UniversityCopyright by Mahidol University



Chainarong Bauruksa Results / 148

Figure 4.108 Front-end application of computerized unit-dose drug disEibution

Patient's operation.

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

Patient' s death diagnosis.
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Figure 4.110 Front-end application of computerized unit-dose dnrg distibution :

Searching for adrnission number by using hospital number.

figure 4.lll Front-end application of computerized unit-dose drug disuibution

Searching for prescription number by using admission number.

Figure 4.112 Front-end application of computerized unit-dose drug distibution

Prescription for doctor's order for patient's medication
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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.

Figure 4.114 Front-end application of computerized unit-dose dnrg distribution :

Details in Prescription for doctor's order for patient's medication : Combo Box for

choosing order type. Copyright by Mahidol UniversityCopyright by Mahidol University
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X'igure 4.1L5 Front-end application of computerized unit-dose drug disEibution :

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

one day.

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.' Copyright by Mahidol UniversityCopyright by Mahidol University
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Figure 4.L17 Front-end application of computerized unit-dose dnrg distibution :

Details in Prescription for doctor's order for patient's medication : Orders for other

services.

X'igure 4.118 Front-end application of computerized unit-dose drug distibution :

Details in Prescription for doctoros order for patient's medication : Combo box for

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

first phar:nacist.
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Figure 4.119 Front-end application of computerized unit-dose drug distibution :

Details in Prescription for doctor's order for patient's medication : Input box for input

an item of dnrgs which must be corrected.

X'igure 4.L20 Front-end application of computerized rmit-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 distibution :

Menu 3 : Patient's discharge.

Figure 4.122 Front-end application of computerized unit-dose drug disEibution :

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

Patient's discharge updatation.

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

Menu4:DrugInventory.
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Figure 4.125 Front-end application of computerized unit-dose drug distribution :

Requireme,nt.

E'igure 4.126 Front-end application of computerized unit-doSe drug distibution :

Receive.
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Figure 4.127 Front-end application of computerized rmitdose drug dis[ibution : Drug

Balance.

figure 4.128 Front-end application of computerized unit-dose drug distribution :

Menu 5 : Reporting.

Figure 4.129 Front-end application of computerized rmit-dose drug dishibution

Patient's report.
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X'igure 4.130 Front-end application of computerized unit-dose drug disfibution :

Patient's in-bed report.
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Figure 4,131 Front-end application of computerized unit-dose drug dishibution :

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

Patient's diaguostic report.
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Figure 4.133 Front-end application of computerized unit-dose dnrg distibution :

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 computenzed 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.

FAFJqtrETA!iltrL TAEI Tllll hi[i

rdrgrf,drf inlr

ma'binrfrr&r mrd mrr ngra rirrS EBrit ErrE EEl6 r.r
t0Dl2 1

t rit
?'l!fl

illritTrtI
t-
TUtlt?tltt

nnflrirr t8.00

t{.Eill0

;u J rru]t]f,t]ttuEltTl
PU1J ETTI

tCr,r 6 nn'r.ttut

?flr
iiuiilr*i ttnlto

zluuorr.[rr$rhil
X'igure 4.138 Front-end application of computerized unit-dose drug distribution :

Drug label. Copyright by Mahidol UniversityCopyright by Mahidol University
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Figure 4.139 Front-end application of computerized unit-dose drug distribution

Drug dispensing note.
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Figure 4,140 Front-end application of computerized unit-dose drug distribution

Drug retrrning note.

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

Drug inventory report. Copyright by Mahidol UniversityCopyright by Mahidol University
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Figure 4.143 Front-end application of computet'aed unit-dose drug distribution :

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

Drug dispe6ing note.

tu ru' n rtuffardar n n ffo rrgR-fln{u a-n

ro#fuor1trd 4au0lrz nilrumu .r1r81qmfi! Iruururanua.nTrdrq n{u.nu mqmrfli
smulsq Test

nilrufir
bb

amp

ml 1.000 10

bott 1 {00

t/be 10tl 10

Fi8ce 1ffI 10

huuuronnauTrdrq fl{tt.rlu mqnrfl
Test SlnpDt

nilrufu fl1offq trunrfu ruRfr.rriu nrod.rlnrl

bb 100 1.000 4.m 104,@ ,

amp 100 100 465 10,465

ml 1,(tr0 10 0 10.(m

bott 1 ltD 7? 1n

plec€ lm 5 trIt 1.3L

Figure 4.142 Front-end application of computerized unit-dose drug distribution :

Drug requirement note.
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Figure 4.145 Front-end application of computerized unit-dose drug disfribution :

Drug balance note.

Figure 4.146 Front-end application of computerized unit-dose drug disnibution

Menu 6 : Calculating cost.

Figure 4.147 Front-end application of computerized rmit-dose drug distibution

Patient's room and bed cost.

43919
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Figure 4.148 Front-e,lrd application of computerized rmit-dose dnrg distribution :

Patient's drug cost.

figure 4.149 Front-end application of computerized unit-dose drug disfibution :

Report for Patient's room-bed, drug cost.
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figuie 4.150 Front-end application of computerized unit-dose drug disnibution :

Report for Patient's room and bed cost.Copyright by Mahidol UniversityCopyright by Mahidol University
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Figure 4.151 Front-end application of computerized unit-dose drug dismibution

Report for Patient's room and bed cost.

Figure 4.152 Front-end application of computerized unit-dose drug disnibution :

MenuT:Ba.sedata.

Figure 4.153 Front-end application of computerized unit-dose drug distibution

Menu 7.1 : Personal data. Copyright by Mahidol UniversityCopyright by Mahidol University
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Figure 4.154 Front-end application of computerized unit-dose drug disbibution :

Personal data

f igure 4.155 Front-end application of computerized unitdose drug distribution :

Positional data

f igure 4,156 Front-end application of computerized unit-dose drug distribution :

Menu 7.2 : Departnnent data.Copyright by Mahidol UniversityCopyright by Mahidol University
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Figure 4.157 Front-end application of computerized rmit-dose drug distibution :

Departuent data.

Figure 4.158 Front-end application of computerized rmit-dose dnrg distibution :

of departuent data.

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

Menu 7.3 : Diagnostic data.Copyright by Mahidol UniversityCopyright by Mahidol University
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Figure 4.160 Front-end application of computerized unit-dose dnrg distribution :

ICD9CM data

Figure 4.161Front-end application of computerized unit-dose drug dishibution :

ICD10 data.

Figure 4.162 Front-end application of computerized unit-dose drug disribution :

Specialty dafa.
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X'igure 4.163 Front-end application of computerized unit-dose drug distribution :

Menu 7.4 : Discharge data

f igure 4.164 Front-end application of computerized unit-dose drug dishibution :

Discharge status data

Figure 4.165 Front-end application of computerized unit-dose dnrg distribution :

Discharge type data.
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Figure 4.166 Front-end application of computerized unit-dose drug dismibution :

Cause of refer data.

Figure 4.L67 Front-end application of computerized unit-dose drug disbibution :

Menu 7.5 : Palment data

X'igure 4.168 Front-end application of computerized unit-dose drug distribution :

Right data.
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Figure 4.169 Front-end application of computerized unit-dose drug disfiibution :

tlpe data

Figure 4.170 Front-end application of computerized unit-dose drug distibution :

Patient's type data.

Figure 4.171Front-end application of computerized rmit-dose drug distibution :

lncome data. Copyright by Mahidol UniversityCopyright by Mahidol University



Chainarong Baunrksa Results I L72

Figure 4.172 Front-end application of computerized rmitdose drug dishibution :

status data

Figure 4.173 Front-end application of computerized unitdose drug disfiibution :

Recerpt status data.

f igure 4.174 Front-end application of computerized unit-dose drug distribution :

Menu 7.6 : Dispensing data.Copyright by Mahidol UniversityCopyright by Mahidol University
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Figure 4.175 Front-end application of computerized rmit-dose drug dishibution :

Frequency data

Figure 4.176 Front-end application of computerized unitdose drug disfiibution :

Drug data.

Figure 4.177 Front-end application of computerized unit-dose drug distibution :

Drug data

Copyright by Mahidol UniversityCopyright by Mahidol University



Chainarong Bauruksa Results I 174

Figure 4.178 Front-end application of computerized unit-dose drug distibution :

Drug inventory data.

Figure 4.179 Front-end application of computerized unitdose dnrg dishibution:

Drug dispense type data.

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

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

Patient's drug Profile.

Figure 4.182 Front-end application of computerized rmit-dose drug distibution :

Patient's drug Profi le(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

oConcurrency Control'. And about 'Consistency', it means consistency of data when

multi-user processing happens. Each user s41 insert, update or delete data all the time.

So data in database must be updated every time it is retieved.

In this client-server computerized unit-dose drug distibution system,

transaction is used for data concrrrency and consistency contol. Processing in

tansaction is called 'Unit of work' or 'Atomic transaction'. It means many SQL

statements will be processed after the command 'Begrn 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 tansaction has errors, all commands should

be cancelled, or rolled back to re-start at the beginning.

An example of tansaction is presented in figure 4.183.

System security

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

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

set as followed :
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I,rivate Sub cmdDelete_Clic$

srcnn : ndriver{SQl. Server};server;t{HuM;" & "uid=n & UID & ";pwd:' & PW &

';dahbase=UnitDose"

Set cmADO ='New ADoDB.Connection

cnADO.Opensrcilt

On Error GoTo DBError

cnAIlO.BqlnTrans

g'561ryr1.F.nabled: True And trtAN.Text o n n Then

Set rs : New ADODB.Recordset

rs.Cursorlocation = adUseClient !

rc.CusorType : adOpenKeyset

n.LockTlpe : adlock0ptimistio

rs.Open'SELECT * FROM T-IPI WHERE 1[1:,,t + trtAN + n"', $rCnn, , , ,iC.dTu*t

rs.Delete

re.MoveNext

End If

cnAIlO.CommitTrans

Exit Sub

DBError:

cnilX),RollbackTrans

MsgBox Err.Description

End Sub

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

dishibution system.
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1. User interface level

When a r$er inputs user ID and password in a log-in form

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

Casel:NoUserID

Case2 Wrong UserID

Case 3 Wrong Password

Case 4 Exit Program after 3 wrong passwords

Results I L78

of the

Copyright by Mahidol UniversityCopyright by Mahidol University



Facutty of Engineering, Mahidol University M.Sc.(tech. of inform.sys.manag) / 179

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 veri$ this user ID and password to define

perrrission to unit-dose database, which had been alreudy established in the

database(by using oroles' and 'users' object). The permission to unit-dose

database has been established for 3 groups of users as followed :

Group I : Administrator

Group 2 : Pharmacist

Group 3 : Nurse

Including, all users in the system will have their oum urer name and password,

which can be added or updated by administator.
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Tabte 43. Permissionto unit-dose database for each goup of users.

System testing

7. Unit test

Rezults / 180

Each unit or group of the program 6s implemented in source code has

been tested for the purpose of no erors. 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 rarong. This

calls'Debugging a program'.

Permission to Subsystem Group I :

Adminishtor

Group 2 :

Pharmacist

Group 3 :

Nurse

l. Patient's admission Yes No Yes

2. Patient's medication

2.1. Doctor for each patient

Z.2.Pafrefi's diaguosis

2.3. Patient's operation

2.4. Patient's death diagnosis

2.5. Patient's medication

Yes

Yes

Yes

Yes

Yes

No

No

No

No

Yes

Yes

Yes

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
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For example, coding from the application about loading form is shoum

infigrre 4.t84.

Itiva$e SubForm_LoadQ

Set cnADO = New ADODB.Connection

LogonString : I'drivsF{$QL Server};server-NHUM'tr & truid:, & IJID & u'pwd=' & Pw &

";databasrUnitDose"

cnADO.ConnectionSfing = LogonSfring

sru{DQ.QsmmandTimeout : 20

cnADo.Crnsorlocation : adUseClient

cnADO.Open

End Sub

Figure 4.184 An example of coding from computerized rmit-dose drug dishibution

system.

When this code is running, McroSoft Visual Basic will send the

message box to the user like in figure 4.185.

Figure 4.185 Message box happening during running codirg from computerized unit-

dose drug distribution system.

So the researcher will correct this coding and run it again until nothing

goes wTong.
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2. Integratian test

The progmm has been tested by focusing on design and construction of

the software architecture.

For example, this computerized unit-dose drug dishibution system is

organized into 7 subsystem : patient's admission, patient's medication,

patient's discharge, drug inventory, reporting, ccalculating cost and base datq

urhich is shown to users as in figure 4.186.

Figure 4.186 Testing program by focusing on design and construction of tle soffware

architecture : Organization of the system.

3. Validatian 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 figrre 4.183.

Figure 4.187 Searching part of patient's admission updatation form of computerized

unit-dose drug distribution system.

If the users hadn't input data in any text boxes of searching par! when

he pressed the command "flurr'then the application will send the message to

tell the user as shown in figrre 4.188.

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 rmderstand that he must input data

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

4. Systemtest

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 disfiibution system's operations. After that all erors and

recommendation will be recorded and analyzd, by the researcher for

improving the efficacy and the effectiveness of the application.Copyright by Mahidol UniversityCopyright by Mahidol University
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Including, for this studylng, 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

deparhent of medicine, Nongbualtrmphu hospital from Decembet}Sh lggg to

January 156 2000. After each day of the test the user has evaluated the

application by answering a questionnaire, which is shoum in figue 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 athibute; if none is detected, the mark is placed

to the far left, and sfrength increases to the right. The distance from the left end

is measured, and this value is the intensity for that atEibute. ffis minimum

intensity for each atfibute is 0 and the morimtrm is 15. For computational

purposes, the decimal point is moved one place to yield whole numbers.
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Figure 4.189 A questionnaire for the test of the application of computerized unit-dose dnrg

distribution system.
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' X'igure 4.189 A questionnaire for the test of the application of computerized unit-dose drug

. distibution system(continue).
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After the tesL 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

N Minimum Maximum Mean
std.

Deviation
LIKE

CLEAR

CONVENIE

SPEED

CORRECT

PRECISIO

ADAPT

USEFUL

BEAUTY

INTEREST

Valid N (listwise)

15

15

15

15

15

15

15

15

15

15

15

4.50

3.05

3.35

2.00

4.40

1.00

4.90

4.60

5.10

4.00

14.90

13.00

11.20

11.90

12.80

12.90

12.45

14.90

11.25

14.90

10.0900

9.5500

8.5167
6.0567

8.8167

8.7833

9.4000

10.0000

8.0533

8.9100

3.3132
2.6866

2.4570

3.7954

2.9803

3.4207

2.0129

2.8618

2.0507

2.7855

F'igure 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, \dgans 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 figwe 4.191.
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CONVENIENCE

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

questionnaires.
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CHAPTER 5

CONCLUSION AI\D RE C OMMENIDATION

5.1. Conclusion

In the las! this computerized unit-dose drug dishibution system is useful as the

followings:

5.1.1 Using forthe operations in 'Unit-Dose Drug Distribution System', which

had been developedle minimize the disadvantages of the conventional one by :

5.1.1.1 tvtinimizing drug miss used rate, good drug utilization.

Because this system, phannacists 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

erors happened, the second pharmacist will tell the first pharmacist to

correct these orders. Finally the patient will receive right drugs with no

erors 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.
Copyright by Mahidol UniversityCopyright by Mahidol University
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5.1.1.3 Vtadmizing accuracy of calculating cost of used drogt 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 Hieh quality of patient care.

5.1.2 Correcting any problems which may occur in the new computerized unit-

dose drug distribution procedures can :

5.1.2.1Reduce time wasting for documentation such as unit-dose drug

labels, patient medication profiles, financial documents.

This computerized unit-dose drug distibution 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 urhich 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.I.3 This computerized unit-dose drug distribution system can be

implemented, the following factors must be concemed :

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

5.1.3.2 Drug disEibution 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 administated 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 adminishation 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.Copyright by Mahidol UniversityCopyright by Mahidol University
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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

inventory 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, urhich 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 seryer from 4

remote sites as follows :

Client I

Client 2

Client 3

Client 4

Main drug distribution system

Emergency drug distribution room

Patient's ward nurse station

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 Althoughthis application is used for unit-dose drug dishibution systenq

it may be applied to another tlpes of drug distibution system. For

example, one day dose drug dishibution system, which doesn,t

necessary to prepare drugs for in-patient in unit-dose form, this

application can be applied in the part of catculating quantity of drugs

ordered by doctors for each in-patien! which must be enough for one

day using.

5.2.2 The researcher has chosen Rumbaugh's Object Modeling Technique

(ON[D for the design and development of this application. However,

o&er techniques such as Booch, OOSE can be useful for the design and

development of this application too.

5.2.3 using Microsoft sQL server 7.0, which must be run on Mioosoft

Windows NT operating system, as DBMS of the application must use

high potential computerized resources, for exampte, high speed cpu,

hieh 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.

5.2.4 Other prograrlxi, for example, C+1, PowerBuilder, can be used for user

interface development of the application.

5.2.5 The new system of computerized unit-dose drug dishibution system

may be developed to retrieve data from Stat-2 database, but there may

cause problems in tag time of retieving data

s.2.6 The coding of this system may be modified to improve response time.Copyright by Mahidol UniversityCopyright by Mahidol University
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5.2.7 This application is only used as a otool' 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 imfortant to tain alt 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 dnrg distribution system.
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