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ACTIVITY 

QUESTION 1: THE DATA DESIGN PROCESS 
 

 

Description Issue Input  Output Challenge 

a.​ Conceptual Design 
Create model that 
captures major entities, 
relationships among 
entities, and attributes 
of entities required for 
a particular system.  

- Capturing all 
data  
- Capturing 
relationships  
- Data integrity  

- Functional 
specs  
- General 
understanding 
of problem 

- ER diagram None 

b.​ Logical Design 
Transform the major 
entity/attribute 
/relationship 
requirements into high 
level specification for 
database 

- Providing 
location for all 
data  
- Data integrity 

- ER diagram  - Relational 
database 
schema  

None 

      b2. Improving Logical - Minimizing - Relational - Relational None 



 

 

 

Design Improve the 
high-level database 
specification.  

redundancy  
- Minimizing 
ambiguity  

database 
schema  

database 
schema   

c.​ Physical Design 
Transform the 
high-level 
specifications for 
database into detailed 
specifications for how 
to construct actual 
database in a specific 
relational database 
software.  

- Performance  
- Data integrity 

- Relational 
database 
schema  
- Meaning of 
data 

- Technical 
specifications for 
construction of 
the database 

None 



 

 
Entities: `RETAIL_CENTER`, `SHIPPED_ITEM`, `TRANSPORTATION_EVENT`, and the 
bridge table `SHIPMENT_TRANSPORT`. 
 
Relationships: 
- `RETAIL_CENTER` → `SHIPPED_ITEM` — one-to-zero-or-many (`||--o{`), meaning a center 
may receive any number of items, but each item goes to exactly one center. 



 

- `SHIPPED_ITEM` → `SHIPMENT_TRANSPORT` — one-to-one-or-many (`||--|{`), resolving 
the M:N on this side. 
- `TRANSPORTATION_EVENT` → `SHIPMENT_TRANSPORT` — one-to-one-or-many (`||--|{`), 
resolving the M:N on the other side. 
- The composite PK on `SHIPMENT_TRANSPORT` (`itemNumber` + `scheduleNumber`) is 
marked with both `PK` and `FK` to show it serves dual roles as the bridge key.  
 

 

 
 
 



 

Business Objects (Entities) 

The system contains three main business objects: Product, Component, and Supplier.​
 

Business Rules 

1.​ A product must be made up of one or more components — a product cannot exist 
without components. 

2.​ A component can be used in many products, but it does not have to be used in any 
product. 

3.​ A component can be supplied by one or more suppliers, but it does not have to be 
associated with any supplier. 

4.​ A supplier can supply one or more components, but a supplier can exist without 
providing any components. 

5.​ A component is not required to have a supplier. 
6.​ A product is not required to be associated with a supplier directly — the relationship 

between products and suppliers is indirect, through components.​
 

Characteristics (Attributes) 

Product: product_id (PK), product_name, quantity_on_hand 

Component: component_id (PK), component_name, description 

Supplier: supplier_id (PK), supplier_name, contact_info 

Product_Component (associative): product_id (FK), component_id (FK), quantity_used 

Supplier_Component (associative): supplier_id (FK), component_id (FK), unit_price 

Relationships and Cardinality 
 

Relationship Type Description 

Product — Component Many-to-Many (mandatory on 
Product side) 

A product requires one or 
more components; a 
component may appear in 
zero or more products 

Component — Supplier Many-to-Many (optional on 
both sides) 

A component may be 
supplied by zero or more 
suppliers; a supplier may 
supply zero or more 
components 



 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Business Objects 
Entities  

Business Objects 
Characteristics  

Relationship 
Between Business 
Objects 

Relationship 
Constraints 

Customer  CustomerID, 
CustomerName, 
Phone, Email 

Requests 
ServiceTicket (1:M); 
Receives Invoice 
(1:M) 

Customers can exist 
without any car 
purchases or service 
history. 

Salesperson SalespersonID, 
SalespersonName 

Writes Invoice (1:M) Every Invoice must 
reference exactly 1 
Salesperson. 

Car SerialNumber, Make, 
Model, ModelYear, 
CarCondition 

Appears on Invoice 
(1:1); Has 
ServiceTicket (1:M) 

CarCondition must be 
'NEW' or 'USED'. 
SerialNumber is the 
Primary Key. 

Invoice InvoiceID, 
InvoiceDate, 
SalePrice, 
SerialNumber, 
CustomerID, 
SalespersonID 

(Referenced by 
Salesperson, 
Customer, and Car) 

UNIQUE constraint 
on SerialNumber 
(one invoice per sold 
car). All FKs are NOT 
NULL. 

ServiceTicket TicketID, OpenDate, 
CloseDate, 
Complaint, 
SerialNumber, 
CustomerID 

Assigned to 
Mechanic (M:N); 
Uses Part (M:N) 

Must reference 1 
Customer and 1 Car. 
TicketID is the 
Primary Key. 

Mechanic MechanicID, 
MechanicName 

Assigned to 
ServiceTicket (M:N) 

Resolved via 
SERVICE_ASSIGNM
ENT associative 
table. 

Part PartID, PartName, 
UnitPrice, 
QtyOnHand 

Used by 
ServiceTicket (M:N) 

Resolved via 
SERVICE_PART 
associative table. 

Service_Assignment  TicketID, 
MechanicID, 
LaborHours 

Links ServiceTicket to 
Mechanic 

Composite PK 
(TicketID, 
MechanicID). Tracks 
specific labor hours. 

Service_Part TicketID, PartID, 
QuantityUsed 

Links ServiceTicket to 
Part 

Composite PK 
(TicketID, PartID). 
QuantityUsed must 
be > 0. 

 
 



 

Conceptual Model 

 
 
 
 
 
 
 
 



 

Logical Model 

 
Physical Model 
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