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Figure E13.1
Unnormalized entity-relationship 
diagram for the computer system. 
The many-to-many relationship 
will have to be defined as an 
associative entity.
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After numerous interviews, prototypes, data flow diagrams, data dictionary entries, and UML diagrams 
have been completed, Anna and Chip both start work on the entity-relationship model. “I’ll be responsible 
for creating the Microsoft Access table relationships,” Anna promises. Chip volunteers to complete an 
entity-relationship diagram. “Let’s compare the two diagrams for accuracy and consistency when we’re 
done,” Anna suggests, and so they do.

Figure E13.1 shows the entity-relationship diagram for the computer inventory system. Visible Ana-
lyst calls each of the rectangles an entity. Each entity represents a database table of information stored in the 
system, corresponding to a data store on the data flow diagram or an entity class on a sequence or class dia-
gram. Each of the diamond rectangles represents an associative entity representing a relationship between 
the data entities. A rectangle with an oval in it represents an associative entity that cannot exist without the 
connecting entity. These are usually repeating elements. Microsoft Visio uses rectangles to represent both 
an associative and an attributive entity.

“I’ve created the entity-relationship diagram, starting with the simplest portions of the system,” Chip 
tells Anna. “The first data entities created are SOFTWARE and COMPUTER. The relationship is that 
software is installed on the computer. Next, I determined the cardinality of the relationship. Because one 
software package could be installed on many computers, this relationship is one-to-many. Each computer 
may also have many different software packages installed on it so that it also provides a one-to-many 
relationship. Because there is a one-to-many relationship for each of the data entities, the full relationship 
between them becomes many-to-many.”

Chip continues, saying, “This first view is far from normalized. Notice that the SOFTWARE INVEN-
TORY NUMBER is a repeating element on the HARDWARE entity. I will have to create several entities 
for each of them.” A bit later Chip reviews his work with Anna. The SOFTWARE INVENTORY NUM-
BER has been removed and placed in a relational entity. Refer to the entity-relationship diagram illustrated 
in Figure E13.2. “This places the data in the first normal form,” remarks Chip. “Also, there are no elements 
that are dependent on only a part of the key, so the data are also in the second normal form.

There are, however, elements that are not part of the entity that is represented on the diagram, and 
they will have to be removed. For example, look at OPERATING SYSTEM and CAMPUS BUILDING. 
These elements are not a part of the computer hardware but are installed on the computer or the computer is 
installed in a campus room. They should have their own entity. That makes it easier to change the version 
of an operating system. Rather than having to change the version of the operating system on many of the 
COMPUTER records, it would only have to be changed once.”
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Anna agrees, remarking, “That’s really a good assessment of the situation. It will make implementing 
the Microsoft Access tables easier.”

Chip continues to work on the entity-relationship diagram. After a few hours he exclaims, “I think it’s 
done! Would you take a look at the final version?” The final version is shown in Figure E13.3. All the enti-
ties and relationships have been described in the repository.

Anna reviews the final version and exclaims, “It looks great! You are right in moving the OPERAT-
ING SYSTEM and CAMPUS BUILDING to their own entities. Good idea, as the building is not a part 
of the computer. Also, the SOFTWARE EXPERT is definitely not a part of the SOFTWARE entity. How 
about the SOFTWARE CATEGORY?”

“I moved the SOFTWARE CATEGORY into its own entity to save room on the master files when they 
are constructed,” Chip answers. “It is really a table of codes, and it makes it easy to change the category with-
out changing all of the software records. Also, we are storing a small code, rather than a lengthy description 
on each software record. Why don’t you double check the various keys on the diagram? Each related entity, 
on the many end, should have a foreign key that matches the primary key of the entity on the one end.”

Anna examines the diagram for a while and remarks, “It looks good to me. Perhaps we should define 
the repository entries.”

“Take a look at this repository entry.” Chip opens the entity-relationship diagram, Figure E13.4, and 
double-clicks on the COMPUTERS entity to display its repository entry. The primary key (the Microsoft 
Visio and Visible Analyst [PK] notation in front of the HARDWARE INVENTORY NUMBER element in 
the composition area), foreign keys (the FK1, FK2, and so on), and several alternate keys ([AK1], [AK2], 
and [AK3]) have been defined. After spending time examining the diagram as well as the repository entries 
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Figure E13.2
The computer system’s entity-
relationship diagram in the first 
normal form.

Figure E13.3
Final entity-relationship diagram 
for the computer system.
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and analysis reports, both Anna and Chip are satisfied that the relationships between the data have been 
accurately portrayed. Next, they decide how to design the database from the diagrams.

The HARDWARE/SOFTWARE relation is analyzed first. Because there is a many-to-many relation-
ship between these two data entities, it may be implemented by using three database tables:

	 1.	 A HARDWARE MASTER table
	 2.	 A SOFTWARE MASTER table
	 3.	 A HARDWARE/SOFTWARE RELATIONSHIP table, which would contain the key fields for the 

HARDWARE and SOFTWARE master tables for all software installed on all machines

An autosequence primary key would work as well, as long as the foreign keys were also included in the 
table.

“I guess it’s my turn to work on the relationships,” says Anna as she makes a copy of the entity-rela-
tionship diagram. “I’ll modify the Microsoft Access tables from the prototyping sessions.”

Anna starts by setting up the primary keys for each of the tables. When the tables are in their final 
form, she creates the relationships between them. The Microsoft Access relationships diagram is shown in 
Figure E13.5. Rectangles on the diagram represent the database tables and correspond to the various entity 
types found on the entity-relationships diagram. Notice that the cardinality is represented by 1 and the infin-
ity symbol. The primary key fields are listed as the first field of each rectangle; they are also displayed in 
boldface type. Foreign keys are shown attached to the other end of the relationship line, if the foreign key 

Figure E13.4
The CPU normalized entity-
relationship diagram displayed in 
Microsoft Visio, with the Software 
repository definition.

Figure E13.5
A Microsoft Access 
RELATIONSHIPS diagram. Note 
the infinity symbols representing 
the many end of a relationship.

M13_KEND3442_09_SE_C13_CPU.indd   3 18/12/12   5:35 PM



is visible in the table rectangle. Keys are dragged from one table to another to establish a relationship, and 
a dialog box appears to determine properties of the relationship.

Exercises
E-1  �  Use Microsoft Visio or Visible Analyst to view the unnormalized and first normal form entity-

relationship diagrams for the computer system. Double-click on the entities to view the repository 
information. (You do this in both Microsoft Visio and Visible Analyst. In Microsoft Visio, the 
repository entry is in an area on the bottom of the display. You may have to drag the border sepa-
rating the diagram from the repository upward. Click the Columns entry in the Categories area 
on the left side of the repository to view the entity attributes.) The diagram name is COMPUTER 
SYSTEM – UNNORMALIZED.

E-2  �  Use Microsoft Visio or Visible Analyst to view the entity-relationship diagram for the computer 
system. Double-click on the entities to view the repository information (in both Microsoft Visio 
and Visible Analyst). The diagram name is COMPUTER.

E-3  �  Add the VENDOR entity to the diagram. The vendor warrants the computers, and the relationship 
between VENDOR and COMPUTER is that one VENDOR can warrant many COMPUTER(s). 
Add primary keys. Microsoft Visio will automatically create foreign keys. In Visible Analyst, 
select Key Synchronization from the Repository menu.

E-4  �  Add the MAINTENANCE entity to the diagram. Maintenance repairs are performed on computers, 
and the relationship between MAINTENANCE and COMPUTER is such that one COMPUTER 
may have many MAINTENANCE records. Use the repository to define MAINTENANCE 
ORDER NUMBER. Set this attribute as the primary key for MAINTENANCE entity and generate 
the foreign key.

E-5  �  Describe the SOFTWARE CATEGORY entity in the repository. Include the elements found on 
the entity-relationship diagram below SOFTWARE CATEGORY in the Composition area.

E-6    Describe the MAINTENANCE entity in the repository. The elements are as follows:

	 a.  MAINTENANCE ORDER NUMBER
	 b.  HARDWARE INVENTORY NUMBER
	 c.  MAINTENANCE DATE
	 d.  TYPE OF MAINTENANCE
	 e.  COST OF MAINTENANCE
	 f.  MAINTENANCE COVERED BY WARRANTY

E-7    Describe the VENDOR entity. The elements are as follows:

	 a.  VENDOR NUMBER
	 b.  VENDOR NAME
	 c.  STREET
	 d.  CITY
	 e.  STATE
	 f.  ZIP CODE
	 g.  TELEPHONE NUMBER
	 h.  DATE LAST ORDER SENT
	 i.  TOTAL AMOUNT PURCHASED FROM VENDOR
	 j.  TOTAL NUMBER OF ORDERS SENT TO VENDOR

E-8  �  Each computer may have more than one operating system, and each operating system may be 
installed on more than one computer. Add an associative entity called COMPUTER OPERATING 
SYSTEM between COMPUTER and OPERATING SYSTEM. Include the primary and foreign 
keys in the repository in either Microsoft Visio or Visible Analyst.

E-9  �  Explain in a paragraph the relationship between a foreign key and a primary key, and why it is 
necessary to have them on separate entities when there is a relationship between the entities.

The exercises preceded by a www icon indicate value-added material is available from the website www.pearsonhighered 
.com/kendall. Students can download a sample Microsoft Visio, Visible Analyst, Microsoft Project, or Microsoft Access 
file that can be used to complete the exercises.
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