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Abstract
The healthcare sector today are looking for opportunities to improve their daily operations efficiencies,
increase pharmacist and pharmacy technician efficiency and improves patient care by promoting
medication dispensing accuracy and allowing pharmacists to spend more time on patient care activities.
The aim of this work is to design and model an Integrative computerized pharmacy inventory system that
would have the capability to improve patient care by promoting medication dispensing accuracy and also
allow pharmacists to spend more time on patient care activities, using University of Calabar Teaching
Hospital (UCTH) pharmacy as a case study. The specific objective of the system is to provide better
_____________________________________
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security by more securely controlling access to medications in the pharmacy, Saves space – reduces
pharmacy storage footprint, aids in Joint Commission compliance by providing complete audit trail of all
transactions. In this paper we adopted the structured system analysis and design methodology (SSADM).
UML (Unified Modeling Language) is used for the model design. The interface between the front-end
and the back-end is through SQL (in WAMPSERVER) and through an application program interface
(API) defined in PHP. PHP is used as back-end for managing access structures, query evaluation and
optimization, concurrency control and recovery. NetBeans IDE was used as front-end to develop forms,
report-trail, and graphical user interface.

Keywords: Pharmacy; inventory; drug; inventory.

1 Introduction
Records are subject to auditing from time to time or when there is information of appropriation indecorous
record-keeping or there is case of theft, inferno or flood. Errors on report should be precisely cancelled out
and signed for but not wiped out. Records should be completed in the dispensary each day, and not
afterward. This will facilitate straightforward compilation of drug utilization and cash receipts. Inventory is a
subject in business that is hope can minimize profit. In healthcare industry, inventory management system
can handle their inventory particularly in pharmacy department. These consist of all activities such as
transaction, order items, item movement tracking, financial management, report generation amongst others
[1].
Drug inventory management can be a frustrating and onerous work. Each day, hospital
pharmacist/pharmacists in general must procure and return orders to wholesale suppliers. Pharmacist verifies
the drug supply in each pharmacy section in the hospital every now and there. Automation in inventory
management as well as procurement control would help enthusiastically [2]. In hospital, pharmacists are
inadequate staff principally due to hospital financial plan that is also under pressure to adapt to various
changes in health care administration and delivery [3].
Examples of automation used in hospital pharmacy practice include computerization, automation of
dispensing and bar coding (automation in drug distribution processes). Many hospitals continue to face the
problem of ineffective and inefficient medication distribution systems. Automation in the drug distribution is
useful in creating new medical services [4]. This study intend to design an integrated drug inventory
monitoring system in academic pharmacy settings, that will help to improves patient care by promoting
medication dispensing accuracy and allowing pharmacists to spend more time on patient care activities.
The focus of this study is rested on the design and modeling of drug inventory system. It is hope that this
article will serve as a reference source for students, professionals’ application developers, and scholars. As a
reference material, it could generate other researchers’ interests in the unfinished part of this research,
especially in the full implementation and deployment of the system.

1.1 Drug characterization
A drug can be defined as a chemical substance that affects the processes of the body or mind; it is any
chemical compound used on or administered to humans or animals as an aid in the diagnosis, treatment or
prevention of disease, or other abnormal condition, for the relief of pain or suffering, or to control or
improve any physiologic or pathologic state; moreover, a drug is a substance used recreationally for its
effects on the central nervous system [5]. In pharmacology, a drug is "a chemical substance used in the
treatment, cure, prevention, or diagnosis of disease or used to otherwise enhance physical or mental wellbeing [6].
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Drug should be available and accessible at all times, in the appropriate dosage forms and at prices affordable
to all. This does not in any way imply the diminution of the usefulness of any drug that may not be on any
given essential drug list. It is a mindful attempt to make the most of available resources on the most essential
drugs of importance to the majority of the hospital community and patience whilst identifying the
competition in the public sector.

1.2 Pharmacy description
Pharmacy is the place where most pharmacists practice the profession of pharmacy. It is a community
pharmacy where a dichotomy of profession exists- health professionals who are also retailers [7].
Pharmacists are professionals with specialized education and training who performed various roles to ensure
optimal health outcomes for the patients through the quality use of medicines. Pharmacist may also be smallbusiness proprietors, owning the pharmacy in which they practice. Pharmacists are represented
internationally by International Pharmaceutical Federation (FIP), and represented internationally by various
national professional organizations. Varieties of pharmacy occupational settings are academic pharmacy,
Ambulatory Pharmacy, Community pharmacy, Consultant pharmacy, Federal pharmacy (armed services),
and Federal pharmacy (public health) [8].

1.3 Pharmacy distribution
Drug distribution follows the orders below [9].
Manufacturer

Clearing & Forwarding
Agents (CFAs)
Central Warehouse

Super Stockist

Stockist

Sub-stockist

Hospitals

Retail Shops

Fig. 1. Drug distribution order
(Source: www.biopharminternational.com, 2008)

CFAs (Clearing and Forwarding Agents) are organization primarily responsible for maintaining storage
(stock) of company`s products and forwarding SKUs to the Stockist on request. Most companies keep up to
1 – 3 CFAs.
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Stockist – Is the distributor, who can simultaneously handle more than one company usually 5 – 15
depending on the city area.
The Retailer Pharmacist – obtains products from the stockist or substockist through whom it finally reaches
the consumers (Patients) [10].

2 Model Design
Pharmacy services, especially the academic pharmacy are more effectively provided via corporate services
delivery model from a centralized location to more than one facility in the organization. The following are
example of pharmacy corporate services; Ambulatory clinic, Billing, Chemotherapy management, financial
management, investigational drug, pharmacy informatics, policy & compliance, procurement, and technician
program. We shall adopt this service model in our proposed system.

2.1 High level diagram of the proposed pharmacy inventory system
The High-level diagram (HLD) of the system is presented in Fig. 2. The HLD explains the architecture of
the ICPIMS. It presents the general idea of the ICPIMS, and also identifies the main components that make
up the ICPIMS with its interfaces.

3 System Analysis and Methodology
The design model adopted in this work is the structured system analysis and design methodology (SSADM).
UML (Unified Modeling Language) is used for the model design of this system. The UML is now the most
widely used graphical representation scheme for modeling object systems. An attractive feature of the UML
is its flexibility. UML modelers are free to use various processes in designing systems. The UML is a
complex, feature-rich graphical language [11,12].
The UML specifies diagram for documenting the system behaviour. In this paper work, three UML diagrams
(use case, class and activity diagrams) are used to explain the behaviour of the components of the database
system. We employed MYSQL as the database engine because of its extreme power, security and scalability,
speed, which makes it an ideal database solution for web sites, its ability used in both embedded system and
large scale information system, available of its APIs in various programming language platforms including
Java, C++ and PHP. The MySQL engine is available for both transactional and non-transactional operations.

3.1 System design
The system will be model using the Universal Modeling Language (UML) as a tool. The components
identified in section (2.0) will constitute the classes since they are centralized for integrative interactions.
3.1.1 Use case diagram
The use case diagram of the ICPIMS is presented in Fig. 3. In the use case diagram, the hospital Chief
Medical Director (CMD) access drugs procured, activities in the ambulatory and chemotherapy unit
directory via the platform, view the state of accounts etc. pharmacists registers drugs access billing records
etc.
3.1.2 Class diagram
The classes required to build the computerized Pharmacy Inventory System are identified and are
implemented using java Netbeans as the front-end and PHP as the back-end. There are as those identified in
the Use Case Diagram. For lack of time, this paper will capture the following subsystems (modules) as class;
Chemotherapy, Pharmacy Informatics, billing, Ambulatory Clinic, Financial management, and Drug
Registration Subsystem (classes) as shown in Fig. 4.
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CONTROL
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Fig. 2. High level diagram of the ICPIMS
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User Interface Function

Ambulatory
Billing
Chemo. Mgt.

Pharmacist

Drug Inv. unit
Pharm infor.
Policy unit

CMD

Procurement
Tech. Records
Site Pharm.

Pharmacy Director

Register pharm

Fig. 3. Use case diagram of the proposed system

3.2 Database design
The database detail model of our work is presented. The logical model containing all the needed logical and
physical design choices and the physical storage parameters for generating a design in DDL (Data Definition
Language) are defined in this work. Most test parameter(s) used in this work to represent a particular object
or entity in the database definition table is for illustration purpose and does not necessary represent the based
on fact information of that object. All entity tables in this work are ddefined
efined using MySQL standard data
definition language (DDL) in WAMPSERVER. The numbers of tables defined are limited to the scope of
the work. The database schema for our system is presented as follows.
Table 1. Billing table
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1

1

Financial Mgt.

Chemotherapy
1..*
Drug _name();
Brand_ name();
Dose designation();
Dose _unit();

Budget _proposal();
Payroll_system();
Acc_payable();
Acc_Receivable();

1
1

1
Billing

1

Submit_order();
Invoice_Id();
Pay_method();
Order_receive();

1

Ambulatory Clinic

1

Pharm. Inventory

1
1

Stock _Record _card();
Bin_card();
Receiving_Report();
Cum_offtake_Ledger();

1

1.

1

urology();
ambo_surg();
pediatric();
urgent_centre();

1

1

1

1
1..*

1..*

Drug Registration
Drug_name();
Net_quantity();
Active_ingredients();
manufacturer();

1

1..*

Procurement
Pharmacy Info.
Pharm_route();
Init_order();
Pat_Id();
Hold_order();

Drug_transaction();
supplier();
order_card();
contract_term();

1

Fig. 4. Class diagram of the proposed system
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Table 2. Pharmacy informatics table

Table 3.
3 Financial management table

Table 4. Drug registration table
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Table 5. Chemotherapy table

Table 6. Billing data table

Table
able 7. Pharmacy informatics data table

Table 88. Financial management data table
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Table 9.
9 Drug registration data table

Table 10
10. Chemotherapy data table

4 Implementation and Results
4.1 Development tools
PHP: – used as back-end for the managing access structures, query evaluation and optimization,
concurrency control and recovery.
NetBeans IDE - used as front-end to develop forms, report-trail, and graphical user interface.
MySQL, API, and WAMPSERVER - The interface between the front-end and the back-end
end is through
SQL (in WAMPSERVER) and through an application program interface (API) defined in PHP.
Windows 7 – The system is developed in Windows 7 platform.

4.2 Sample output of the proposed
propos system

Fig.
Fig 5. Welcome page of the ICPMS
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Fig.
Fig 6. Main window of the ICPMA

5 Algorithm
The algorithm below is to add drug record to Drug Registration table in the database.
add.php
<? php
if (! empty ($POST))
{
name = $_POST[`drug name`]
generic = $_POST[`Generic Name`];
.
.
.
saveToDB(name, generic, - - - - -);
);
}
{"Drugs"[
"Drug"
{"name": "",
"generic": "",
"expireDate": "1995-09-04"
.
.
.
"DrugId: "1234321"
"manufacturerId" :BT23405uc"
},
"Drug": {
.
.
.
}
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6 Conclusion
Inventory control is essential in any commercial environment, however, even more so when it comes to
maintaining inventory in a pharmaceutical setting because public health is concerned. Any person with
pharmacy technician training can understand the significance of having enough medical stock in both retail
and hospital pharmacies at all times in order to be able to successfully fill the prescriptions that customers
may need instantly. Successfully dispensing prescriptions may seem like a simple task; however, if one has
ever observed the process of a hospital or community pharmacy, he will understand the need for an efficient
inventory control structure. Computer assist inventory management for oral and topical medicines is
comparatively easy, since the amount of drug used can be confirmed at the time of dispensing. It is our
believe that the system model in this work, when fully implemented will improve UCTH pharmacy daily
operations efficiencies, increase pharmacists and pharmacy technicians efficiency, and also improves patient
care by promoting medication dispensing accuracy and allowing pharmacists to spend more time on patient
care activities.
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