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[bookmark: Scenario_Analysis][bookmark: _bookmark0]Scenario Analysis

MediLink Pharmacy is an established chain of community pharmacies that is rapidly developing by using manual, paper based programs to manage the stock, customer orders and sales vouchers. These procedures have brought errors, inefficiencies, and delays within the service delivery process, which made the Chief Executive Officer order a software based database solution that should be developed in Microsoft Access.
[bookmark: Entity_Relationship_Diagram_(ERD)][bookmark: _bookmark1]The objective of the project is to create and deploy a relational database system to automate four main areas of operations, which are medicine inventory management, supplier purchasing pattern, customer prescriptions, and record of sales. Moving these processes into a structured relational model, the pharmacy will minimize the problem of data duplication, provide reporting by query to control the stock and comply with the regulatory requirements, and accelerate service provision at point sales.

Entity Relationship Diagram (ERD)

[bookmark: List_of_Entities,_Attributes,_and_Primar][bookmark: _bookmark2]List of Entities, Attributes, and Primary Keys
Table 1 presents all entities, their attributes, and designated primary keys. Primary keys are marked with underline and foreign keys are marked with an asterisk (*).
[bookmark: _bookmark3]Table 1: Entities, Attributes and Key Definitions

	Entity
	Attribute
	Description / Domain

	Supplier
	SupplierID
	Auto-number primary key

	
	SupplierName
	Name of the supply company

	
	ContactPerson
	Main point of contact

	
	Phone
	Contact telephone number

	
	Email
	Contact email address

	
	Address
	Registered business address

	Medicine
	MedicineID
	Auto-number primary key

	
	MedicineName
	Generic or brand name

	
	Category
	Drug category (e.g., antibiotic)

	
	UnitPrice
	Price per unit (£)

	
	StockQuantity
	Units currently held in stock

	
	ReorderLevel
	Minimum threshold to trigger reorder

	
	ExpiryDate
	Date of expiry

	
	SupplierID*
	FK referencing Supplier(SupplierID)

	Customer
	CustomerID
	Auto-number primary key

	
	FirstName
	Customer first name
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(Table 1 continued)

	Entity
	Attribute
	Description / Domain

	
	LastName
	Customer last name

	
	DateOfBirth
	Date of birth

	
	Phone
	Contact telephone number

	
	Address
	Home address

	Prescription
	PrescriptionID
	Auto-number primary key

	
	CustomerID*
	FK referencing Customer(CustomerID)

	
	DoctorName
	Name of the prescribing doctor

	
	IssueDate
	Date prescription was issued

	
	ExpiryDate
	Date prescription expires

	Sale
	SaleID
	Auto-number primary key

	
	CustomerID*
	FK referencing Customer(CustomerID)

	
	PrescriptionID*
	FK	referencing
Prescription(PrescriptionID)

	
	SaleDate
	Date and time of transaction

	
	TotalAmount
	Calculated total sale value (£)

	Sale_Item
	SaleItemID
	Auto-number primary key

	
	SaleID*
	FK referencing Sale(SaleID)

	
	MedicineID*
	FK referencing Medicine(MedicineID)

	
	Quantity
	Number of units dispensed

	
	UnitPrice
	Price at time of sale




[bookmark: List_of_Relationships,_Cardinality,_and_][bookmark: _bookmark4]List of Relationships, Cardinality, and Participation
Table 2 documents each relationship between entities, including its cardinality notation and participation constraints. The Chen notation convention is followed throughout.

[bookmark: ER_Diagram][bookmark: _bookmark6][bookmark: _bookmark5]Table 2: Relationships, Cardinality, and Participation Constraints

	Relationship
	Entities
	Cardinality
	Description

	Supplies
	Supplier – Medicine
	1:N
	One supplier provides one or many medicines; each medicine is sourced from exactly one supplier (total on
Medicine side).

	Has
	Customer – Prescription
	1:N
	One customer may hold many prescriptions; each prescription   belongs   to
exactly one customer.

	Places
	Customer – Sale
	1:N
	One customer makes one or many sales; each sale is linked
to exactly one customer.

	Associated
	Prescription – Sale
	1:N
	One prescription may be referenced in multiple sale transactions; each sale may optionally reference one prescription (partial on Sale
side).

	Contains
	Sale – Sale_Item
	1:N
	One sale contains one or many line items;	each line item
belongs to exactly one sale.

	Includes
	Medicine – Sale_Item
	1:N
	One medicine may appear in many sale line items; each line item relates to exactly one
medicine.



ER Diagram
[image: ]
Figure 1: Entity-Relationship Diagram – MediLink Pharmacy


[bookmark: Normalisation_to_Third_Normal_Form_(3NF)][bookmark: _bookmark7]Normalisation to Third Normal Form (3NF)

Normalisation is an orderly method of systematising relational collection. It minimizes redundancy as well as enhancing data integrity. The three steps utilized here are as discussed below.
First Normal Form (1NF) dictates that each attribute possesses one and indivisible value and that none of the repeating groups are present. At first the customer address was stored in one large string, and the prescription could refer to a great number of medicines without a special table. To satisfy 1NF, the address was further broken down into individual fields (street, city, postal code, etc.), a junction table of Sales Items was inserted, such that a sale could be a list of several medicines.
Second normal form (2NF) is an enhancement of first normal form (1NF): any non-key attribute can not be dependent on anything other than one primary key. In the table SaleItem, the MedicineName was physically co-located with the SaleID and the MedicineID, and thus there was a partial dependency with MedicineName as a total dependency on MedicineID. The field was eliminated brought under SaleItem but shifted to the table Medicine, makes the field independent and meets the 2NF.
Transitive dependencies can only be eliminated by 3NF which builds on 2NF. SupplierName

and SupplierAddress were initially included in the Medicine table with SupplierID and made them transitively dependent on the primary key. Since SupplierName and SupplierAddress are the transitive dependencies, as they are transferred to another Supplier table connected with it through SupplierID, the transitive dependency is eliminated and 3NF is attained.
· Supplier(SupplierID, SupplierName, ContactPerson, Phone, Email, Address)
· Medicine(MedicineID, MedicineName, Category, UnitPrice, StockQuantity, ReorderLevel, ExpiryDate, SupplierID )
· Customer(CustomerID, FirstName, LastName, DateOfBirth, Phone, Address)
· Prescription(PrescriptionID, CustomerID, DoctorName, IssueDate, ExpiryDate)
· Sale(SaleID, CustomerID, PrescriptionID, SaleDate, TotalAmount)
· [bookmark: Data_Structure_Development_in_Microsoft_][bookmark: _bookmark8]Sale_Item(SaleItemID, SaleID, MedicineID, Quantity, UnitPrice)

Data Structure Development in Microsoft Access

Relational schema was performed in the Microsoft access. All the entities were developed as tables, and the relevant field data type, validation rules, and referential integrity constraints, such as cascade update and cascade delete were specified where necessary.
[image: ]
Figure 2: MS Access Relationships Window – showing all six tables


Key implementation decisions include: The relational schema in Microsoft access was used. All of them were formed as a table with field data types and validation rules and referent constraints. In the process of designing the database, we have chosen the data types that are consistent and accurate.

The type used in all the primary keys is the AutoNumber, and the other fields that deal with price are in form of Currency. The Date/Time type is used in date fields, the names are stored as Short Text with the maximum of 255 characters and the stock quantities are the numbers of the type of integers. Validation on the stock quantity and unit price field to ensure integrity: To ensure that there is data integrity, the field values cannot be negative and have to be at least zero. MedicineName, CustomerID, and SaleDate are indicated as necessary to ensure that all the necessary information is obtained.
[bookmark: Sample_Data_Population][bookmark: _bookmark9]The referential integrity is applied to all their relations with the foreign keys and the cascade updates are also activated to ensure the integrity in the whole database. Where necessary, cascade delete constraints are used.

Sample Data Population

A minimum of five rows of realistic sample data were entered across all six tables to simulate genuine pharmacy operations.
[image: ]
Figure 3: Supplier table creation
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Figure 4: Populated Supplier Table in MS Access after value Insertion
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Figure 5: Creation of Medicine Table Using SQL
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Figure 6: Medicine Table in MS Access after value Insertion
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Figure 7: Creation of Customer Table Using SQL
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Figure 8: Customer Table in MS Access after value Insertion
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Figure 9: Prescription of Customer Table Using SQL
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Figure 10: Prescription Table in MS Access after value Insertion


[bookmark: Query_Development][bookmark: _bookmark10][image: ]
Figure 11: Creation of Sale Table Using SQL
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Figure 12: Sale Table in MS Access after value Insertion
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Figure 13: Creation of Sale-Item Table Using SQL
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Figure 14: Sale-Item Table in MS Access after value Insertion

Query Development

[bookmark: Query_1:_Low_Stock_Alert][bookmark: _bookmark11]MediLink Pharmacy had six targeted queries that were constructed and implemented on MS Access to respond to the specific information required. The rationales of every question are explained as follows.

Query 1: Low Stock Alert
Purpose:Determines the medicines that on hand have reduced to reorder level or less and initiates procurement. This is in line with the stock-control requirement of the pharmacy.SELECT MedicineName , StockQuantity , ReorderLevel , SupplierID FROM	Medicine
WHERE	StockQuantity <= ReorderLevel ORDER BY StockQuantity ASC ;

1

2

3

4


Listing 1: SQL – Low Stock Alert Query

[image: ]
Figure 15: Low Stock Alert Query
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Figure 16: Output of Low Stock Alert Query – Medicine below Reorder Level


[bookmark: Query_2:_Sales_by_Customer][bookmark: _bookmark12]Query 2: Sales by Customer
Purpose: Gets a summary of all sales made to a given customer, assisting the sale of customer service and purchase history questions.SELECT	c. FirstName & " " & c. LastName AS CustomerName , s. SaleID , s. SaleDate , s. TotalAmount
FROM	Customer  AS  c
INNER JOIN Sale AS s ON c. CustomerID = s. CustomerID ORDER BY s. Sale Date DESC ;

1

2

3

4

5


Listing 2: SQL – Sales by Customer

[image: ]
Figure 17: Sales by Customer Query Execution


[image: ]
Figure 18: Output of Sales by Customer Query


[bookmark: Query_3:_Medicines_Expiring_Within_90_Da][bookmark: _bookmark13]Query 3: Medicines Expiring Within 90 Days
Purpose: Help in compliance with regulation, identify the medicines that can expire within the next 90 days and provide an opportunity to dispose of them in time or send them back to the supporter.SELECT MedicineName , ExpiryDate , StockQuantity FROM	Medicine
WHERE	ExpiryDate BETWEEN Date () AND Date () +90 ORDER BY ExpiryDate ASC ;

1

2

3

4


Listing 3: SQL – Expiring Medicines Query

[image: ]
Figure 19: Medicines Expiring Within 90 Days Query Execution
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Figure 20: Output of Medicines Expiring Within 90 Days Query


[bookmark: Query_4:_Total_Revenue_Per_Medicine][bookmark: _bookmark14]Query 4: Total Revenue Per Medicine
Purpose:Adds up the money generated by every medicine which is useful in management reporting and sales monitoring.SELECT	m. MedicineName ,
SUM ( si. Quantity * si. UnitPrice ) AS TotalRevenue FROM	Medicine AS m
INNER JOIN Sale_Item AS si ON m. Medicine ID = si. Medicine ID GROUP BY m. Medicine Name
ORDER  BY  TotalRevenue  DESC ;

1

2

3

4

5

6


Listing 4: SQL – Revenue Per Medicine

[image: ]
Figure 21: Total Revenue Per Medicine Query Execution
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Figure 22: Output of Total Revenue Per Medicine Query


[bookmark: Query_5:_Active_Prescriptions][bookmark: _bookmark15]Query 5: Active Prescriptions
Purpose: Shows all the prescriptions not yet out of date such that the dispensing staff can check the validity of the prescription prior to making a sale.SELECT	p. Prescription ID ,
c. FirstName & " " & c. LastName AS Patient , p. DoctorName , p. IssueDate , p. ExpiryDate
FROM	Prescription  AS  p
INNER JOIN Customer AS c ON p. CustomerID = c. CustomerID WHERE	p. ExpiryDate >= Date ()
ORDER BY p. ExpiryDate ASC ;

1

2

3

4

5

6

7


Listing 5: SQL – Active Prescriptions

[image: ]
Figure 23: Active Prescriptions Query Execution


[bookmark: Testing_and_Validation][bookmark: _bookmark17][image: ]
Figure 24: Output of Active Prescriptions Query

[bookmark: Query_6:_Sales_Summary_Report_(with_Tota][bookmark: _bookmark16]Query 6: Sales Summary Report (with Totals)
Purpose:The daily sales are clearly outlined. It displays sum of money received on every date. The data assists the management to do reporting and trend analysis.SELECT
s. SaleDate ,
COUNT (s. SaleID )
SUM ( s. TotalAmount) Sale AS s
BY s. Sale Date
BY s. Sale Date DESC ;
AS NumberOfTransactions ,
AS DailyRevenue
FROM
GROUP ORDER

1

2

3

4

5

6


Listing 6: SQL – Daily Sales Summary
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Figure 25: Sales Summary Report (with Totals) Query Execution
[image: ]
Figure 26: Output of Sales Summary Report (with Totals) Query

Testing and Validation

Tests were carried out on the functional requirements in the scenario brief. Table 3 displays all the testing cases, expected result, the final result and the pass and fail.
[bookmark: _bookmark18]Table 3: Test Cases and Results

	Test Description
	Expected
Result
	Actual Result
	Status

	Insert medicine with
valid SupplierID
	Record saved
successfully
	Record saved
	PASS

	Insert medicine with
invalid SupplierID (e.g., 999)
	Referential integrity error
	Error message displayed
	PASS

	Enter negative stock quantity
	Validation rule blocks entry
	“Value must be
≥ 0” message shown
	PASS

	Delete a supplier referenced by
medicines
	Cascade rule prevents deletion /
error shown
	Deletion blocked
	PASS

	Run Low Stock Alert query
	Returns medicines at or below
reorder level
	Correct subset returned
	PASS

	Run Expiring Medicines query
	Returns medicines expiring within 90
days
	Correct records returned
	PASS

	Run Revenue per
Medicine query
	Aggregated totals
per medicine
	Correct totals
	PASS

	Open data entry form (Medicine
form)
	Form opens, fields editable
	Form opens correctly
	PASS

	Navigation menu launches on startup
	Switchboard or
macro-driven menu displayed
	Menu displayed on open
	PASS

	Enter sale with
expired prescription
	Business rule
enforced or flagged
	Warning message
shown
	PASS
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Figure 27: MS Access – Referential Integrity Error Message when Invalid Foreign Key Entered


[image: ]

[image: ]
Figure 28: Test inserting valid medicine


[bookmark: Design_Decisions_and_Future_Work][bookmark: References][bookmark: _bookmark19]The ten functional test cases were all passed which confirms that the implementation is up to the core requirements defined in the scenario. Defect Tests. No serious defects were observed.

Design Decisions and Future Work

The database design comprises of six entities. The many to many relationship between Sale and Medicine is dealt with by a Sale junction table named Sale Item. This prevents the repetition of groups and maintains the schema in full normalization. The separation

between prescriptions and sales is due to the medical cycle of prescription documents. The division allows the system to coordinate prescription-based and over-the-counter transactions. The prices of the units are stored in the SaleItem that maintains past record, as the price of medicine may evolve with time. The key difficulties were to remove redundancy in the many-to-many join as well as program the navigation switchboard to launch automatically using an Access macro.
In the future, they could enhance it by including a table of doctors in order to substitute free-text records. It would have a Staff module that would monitor performance. The lot and lot tracking would be used to assist in fulfilling regulatory needs. Multi-user access would be provided by a web based interface. Robotized reorder orders would reduce the time spent on stock management.
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