
INTEGRATIVE CASE PAUL sTONE, CONSULTING
Paul Stone has enjoyed designing a database for Fred,s Train Shop so much that he
decides he wants to do similar work for other local businesses. First; however, he real-
izes that he needs to acquire some additional skills. Although he feels confident o-f his
ability to model the activities of retail businesses like Fredt Train Shop, paul kriow5-
that he needs to learn more about how to model other types ofbusinesses, such as lnan-
ufacturing businesses and businesses that provide services.

Paul begins searching the Internet for information about data modeling and
database design. He finds a link to a workshop on REA data modeling that is being
offered by the American Accounting Association. After reading about it, paul is
certain that it is exactly what he is looking for. He registers for the class. He then
prepares a list of questions about the situations that he wants to learn how to
model:

I. How do you model the revenue cycle activities of a business that provides serv-
ices, such as computer or automotive repairs? What about a business that rents
items instead of selling them?

2, How do you model the production cycle activities of a manufacturer? :
3. How do you integrate payroll activities with other HR processes, such as hiring

and training employees?

4. How do you model financing transactions, such as the issuance of stofk or debt?



lntroduction

The previous two chapters introduced the topic of REA data modeling and explained how to
implement an REA model in a relational database. Both chapters focused primarily on the rev-

'enue and expenditure cycle activities for a typical retail organization. This chapter extends those
basiC concepts to a yadety of other types of businesses and business cycles. We begin by exam-
ining more complex models of the revenue and expenditure cycles, including some additional

= aativities typically'pedormed by manufacturers and distributors and other special situations.
Then we discuss several additions to the basic REA model. Next we explain how to model basic
business activities in the production, HR, and financing cycles. We conclude by presenting a

comprehensive integrated REA model that incorporates many of the topics presented in this
chapter \

Additional Revenue and Expenditure
Cycle Modeling Topics

Figures 19-l and 19-2 present REA diagrams that include additional events for the revenue and
expenditure cycles, respectively. Tables 19-1 and 19-2 show how to implement these models in a
relational database.

Additional Revenue Cycle Events and Attribute Placement
Many of the ertities and relationships depicted in Figure l9-1 have already been discussed in
previous chapters, so we will focus only on those aspects that arc new. Figurc l9-1 sepamtes the
warehouse activity of filling an order from the activity of actually shipping or delivering that
order to the customer. Thus, each instance of the Fill Customer Order eyent represents the pick-
ing and packing of an order by a warehouse employee. The meaning of the cardinality pairs
between that event and the inventory resource and pa icipating agents should be understood
from discussions in the previous two chapters. The relationship between the Take Customer
Order and Fill Customer Order events is represented as being one-to-many (1:N). The minimum
cardinalities reflect the fact that two events occur sequentially. The maximum cardinalities
reflect the fact that sometimes the company may be out of stock of one or more items that were
ordered. Therefore, it may take multiple warehouse activities to completely fill a paticular order.
Each customer order has to be individually picked and packed, however. The relationship
between the Fill Customer Order and Ship Order events is 1:1. The minimum cardinalities reflect
the fact that the two events are sequential. The maximum cardinalities are typical best practices
followed by most companies. Once all the items that were ordered and in stock have been picked
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FIGURE i9.1
Extended Partial

Revenue Cycle REA
Diagram

and packed, that entire package is shipped intact to the customer. Note that the Ship Order event
occurs when the merchandise is given to the customer (i.e., it is the Sale event). Thus, ilformal
sales invoices are prepared, there would be a separate invoice for each filled order. For proper
accountability each Ship Order event is linked to one, and only one, Fill Customer Order event.
It is true that oftentimes many different orders are placed on the same truck or railroad car.
However, producing accurate financial records requires hacking each individual '.shipment,,
(sale) on that truckload/carload separately.

Table 19-1 shows that the primary key of the Ship Order event is the shipment trumber. The
bill of lading number is another attribute, but it is not the primary key because it may be null for
deliyeries made using the company's own trucks. Sales invoice number is another attribute ofthe
shipment eyent. It is llot the primary key, however, because as discussed in Chapters 12 and 13,
maay companies are moving to eliminate the printing of paper inyoices and even the creation,of
electronic ones. Moreover, even when invoices are still used, they may not be generated at t6e
time the merchandise is shipped. Therefore, ifinvoice number were the primary key, information
about *)e shipment could not be recorded until the invoice was generated. For companies that do
still use invoices, however, the invoice number attribute seryes an important intemal control
function: Examination of the value of this attribute provides an easy means of verifuhg whether
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Figure l9-1

Table Name Primary Key Foreign Keys Other Attributes

Inventory

"*o
Call on customer

Take customer order

Fill customer order

Ship oder

Receive cash
,1-

.- Emp.loyees

'customers

Carriers

Inventory- Call on
Customers \
Inventory- Take
Customer Order

- Inventory Fill Order

Irventory-Ship Order

Product number

General ledger account
number

Call number

Sales order number

Picking ticket number

Shipment number

Remittance number

Employee number

Customer number

Callier number

Product number,
call number

Product number,
sales order number

Product number,
picking ticket number

Product number,
shipment number

1

Cusb+r number, salesperson

employbe number

Customer number, salespefi on

employee number, call number

Sales order number, customer number,

warehouse employee numbet
shipping employee flumber

Picking ticket number, customer
number, shipping employee number,
carrier number, remittance number

Customer number, employee
numbet, cash account number

unit standard cost, unit
list price, weight, reorder point,
beginning quantity-on-hand

Name, bejinnirg balance

I

Date, timd, purpose

Date, time, tems, desired delivery
date

Date, time, comments

Date, time, bill-oflading number,
invoice number

Date, time, amount received )

Name, date hircd, date of birth,
number ofdependents, pay rate, other
tax-/withholding information, job title

Name, address, credit limit,
beginning balance

Name, contact phone

Comments

Quantity ordered, p ce per unit

Quantity picked

Quantity shipped

all shipments have indeed been billed and rccorded (a null value means that an inYoice has not
yet been prepared).

Also notice that Table 19- 1 shows that information about pdces and costs is storcd in seYeral

places. The Inventory table contains information about the standard (list) price and standard cost

of each item because those values are typically constant for the entire fiscal year. The

Inventory-Take Customer Order table, however, contains information about not only the quan-

tity ordered but also the actual price and accounting cost assigned to each item. This reflects the

fact that companies may change prices several times during the year. Thus, although the list pdce

is constant, the actual sales price depends on when the sale occurs. Similarly, although the stan-

dard cost for each item is constant during the year, the calculated cost of goods sold (which may

be determined using either FIFO, LIFO, weighted-average, or specific identification) will vary

throughout the year, especially if a perpetual inventory system is used.

Additional Expenditure Cycle Events and Attribute Placement
Most of the entities and relationships depicted in Figure 19-2 have been explained in the previ-

ous two chapters. The one new entity is the Request Inventory event. Many larger organizations

want to formally approve requests to purchase goods; the Request Inventory event proYides a

way to collect data about such activities. Each instance of this event represents a request to
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FIGURE 19.2
Extended REA Diagram

for Expenditure Cycle

Employee

. Clerk)

purchase one or more items. The M:N relationship between the Request Inventory and the Order
Inventory events has a minimum cardinality of 0 in both directions. The 0 minimum associat€d

with the Order Inventory event reflects the fact that requests o€cur before actual orders; in addi-
tion, some requests are denied and thus arc never linked to an order The 0 minimum associated
with the Request Inventory event reflects the fact that some orders are generated automatically
by the inventory conhol system, rather than as a result of a specific request. The maximum asso-
ciated with the Order Inventory event is many because some requests may be for several differ-
ent items, each of which may be normally obtained from different sources. Separate purchase

orders are needed for each different supplier. Therefore, an approved request may be linked to
several different orders. The maximum cardinality associated with the Request Inventory event is
many to reflect the common practice of combining different requests for items proyided by the
same supplier into one larger order to obtail better terms.

Table 19-2 shows that cost inlbrmation is stored in several tables. Standard c&t is stored
as an attribute of the Inventory table because it is the same for all units of a given inventory
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TABLE 19-2 Attributes for Relational Tables in Figure 19-2

Table Name (Entity) Primary Key Foreign Keys Other Attributes

Intenorv

:
Warehouse

Fidancial instihrtion

Carsh

L

Request inventory

Order inventory

Kecerve Inventoty

Disburse cash

.- SuBpliers

_Employees

Inventory-
RequesLlnventory

Inventory- \
Order Invenlory

Inventory-

- 
ReceiveJnventory

Inventory-Warehouse

RequestJnventory-
Orderjnventory

OrderJnventory-
Receive_Inventory

Receive_InveIrtory-
Disburse_Cash

ReceivJ-Inventory-
Employee

Inventory-Supplier

Prcduct number

Warehouse number

Institution number

Gercral ledger
account number

Puchase requisition
number

Purchase order number

Receiving report numbet

Check number

Supplier number

Employee number

hoduct number,

purchase requisition number

Product numbet
puchase order number

koduct number,
receiving report [umber

Product number,
warehouse number

Purchase rcquisition number,
purchase order number

Purchase order number,
receiving report number

Receiving report number,
check number

Receiving rcport number,
employee number

Prcduct number,
supplier number

I

I

)

Financial institution numher

Supplier number, inventory conhol
employee number, supervisor
employee number

Supplier numbet purchasing clerk
employee number, supervisot
employee number

Waiehouse numbel supplier number,
warehouse employee number

Supplier number, employee number,
cash account number

Descriptiotr, unit standard cost, udt
list price, weight, reorder point,
beEinning quantity-atL-hard

Name, address, capacity

Name, contact phone

Name, beginning balance

Date, rcason

Date, comments

Date, time, rcmarks, vendor's invoice
number

Date, :!mount, memo

Name, contact phone, mting,
beginning balance

Name, date hired, date of birth,
number ofdepe[dents, pay rate, other
taxlwithholding information, job tirle

Quantity requested

Quantity ordered, cost pet unit

Quantity received, condition

Quantity stored

Amount applied to invoice

'IYpe (prefened, altemate)

item for a fiscal year. In contrast, the actual cost of inyentory is stored in the
Inventory-Orderjnyentory table. This reflects the fact that purchase prices can vary over time.
By storilg the cost of each order with the quantity purchased, the system can calcu]ate the actual
cost of ending inventory and the cost of goods sold according to any accepted inventory valua-
tion method (LIFO, FIFO, weighted-average, or specific identification). If, on the other hand,
actual cost were stored as an attribute of the Inventory table, it would necessitate using the
weighted-average method because all units ofa given inventory item would be assigned the same
cost. In addition, cost data would be available only in this fomat: it would be impossible to
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FIGURE 19.3
Partial Revenue Cycle for

Sale of Services

compute altemative values for inyentory because the detailed data about the cost associated with
each purchase would not be stored in the database.

Sale of Services
Thus far, all our modeling examples have focused on businesses that sell tangible inventory.
Businesses like automotive repair shops, however, generate revenue from bo\the sale of prod-
ucts and the provision of services. Figure 19-3 presents a partial REA model of the revenue cycle
for such a company.

The Services entity in Figure l9-3 contains information about the organization's reyenue-
generating activities. Each row identifies a specific type of service the company provides. For
example, the Services table for an automotive repair shop might include individual rows for oil
changes and brake replacement. Each row would include information about the standard
("book") time it should take to complete the service and the standard (regular) price charged for
rhat type of repair.

Figure 19-3 includes relationships between the Sales event and both the Serv_i-cas and
Inyentory Resource entities. The nature of the cardinality of those relationships depends on
the specific business, but usually both relationships will be modeled as being M:N because
most businesses provide the same types of services to many different customers, using stan-
dard mass-produced parts. The minimum and maximum cardinalities in Figure 19-3 are typi-
cal for businesses like automotiye and appliance repairs. For such businesses, every sales
transaction must involye at least one specific type of seNice but may include seyeral services
(e.g., a customer may require an oil change and brake repairs). However, some repair serv-
ices, such as fixing a flat tire, may not involye the use of any identifiable inyentory parts,
requidng only labor.

Acquisition of lntangible Services
In addition to purchasing inventory equipment, and buildings, organizations also acquire various
intangible services, such as Internet access, telephone service, and utilities. Figure 19-4 shows
how to model such actiyities.

The basic give-to-get economic exchange involves acquiring various services and paylng
for them- Payments for those services are included in the Disburse Cash table. A separate
event, Acquire Services, is used to collect data about the acquisjtion of those services. This
eyent entity stores information about the actual amount ofthe seryice consumed and the actual
price charged. In Figure 19-4, this event is linked to a resource labeled "Qpneral and
Adminishative Services" that reflects the hlancial accounting fteatment for these items. That
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FIGURE 19.4
Partial Expenditure Cycle
for Acquisition of
Services

resource entity includes information about the intangible resource, such as the length of the

contract, if any, its starting date, the budgeted cost for that service, the budgeted or standard

amount to Sd provided each period, and a descriptiql of any limitations or special require-

ment; iissociated with its use.

The relationship between the acquisition event and the resource entity is modeled as 1:N in
=Figuie- 19-4 because in most cases each service (telephone, electdcity, etc.) is acquired sepa-

rately, usually from a different supplier. The relationship between the Acquire Services and

Dsburse Cash events is modeled as 1:1 to reflect the common situation in which the organization

obtains the use of a specific service for a particular period of time and makes a payment each

montl for the services it acquired and used that month.

Digital Assets
What about digital assets? Companies that sell software, music, or digital photographs over

the Intemet give up a digital copy of those resources, but not the actual resource itself How
does this affect the REA models of the revenue and expenditure cycles? It doesn't. Such com-

panies still need to collect information about their purchase of and payment for those digital
assets, as well as tracking orders for and delivery of those digital assets, along with receipt of
payments from their customers. Those companies also need an Inventory table so that cus-

tomers can see what digital products are available for sa1e. The structure of that Inventory table

is almost identical to that of mass-produced merchandise. The only difference is that because

sales involve only a digital copy of the resource, there is no need for attributes such as quan-

tity-on-hand, quantity-available, reorder point, and standard reorder quantity. However, the

Ilventory table will still include information about the standard tist price of each item and its

description.

Rental Transactions
Some businesses generate revenue through rental tansactions, rather than sales. Thus, the basic

give-to-get economic exchange involves the temporary use of a resource in retum for both the

receipt of cash and the subsequent return of the resource being rented. Figurc 1 9-5 shows how to

model such transactions.
Businesses that rent equipment or other tesources want to hack each physical item sepa-

mtely. Therefore, the primary key for the Rental Inventory table is some kind of unique serial

number, rather than a part number- Each Rent Item event records information about the rental of
one specific item, such as the date and time it was rented, the rental price, and any specifrc tems
of the agreement. If a customer rents multiple items, the system treats this as a set of rental

events, each for one particular inventory item. This facilitates tmcking the status of each piece of
Rental Inventory. For example, a query to determine whether an item is still outstanding needs to

reference only the Rental and Retum events; in contrast, if the rental of five items had been

recorded as one event, then the preceding query would also have to include tbe M:N relationshiP

table linking the Rental event and Rental Inventory entity. (Note: This is transparent to the
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FIGURE 19-5
Partial Revenue Cycie for

Rental Transactions

customer. The customer simply cornpletes the required paperwork and pays the specified amount

and neither knows, nor cares, that the system created seyeral rows in the databa$, instead of one,

to record the talsaction.)
Figure 19-5 shows that the Rent Item evert is linked to both the Receive Cash and Retum

Item eyents. Examine the relationship from the Rent Item to the Receive Cash eyent. The mini-
mum cardinality of I reflects the fact that customers q?ically pay fiIst, prior to taking possession

of the item. The maximum cardinality is many because there may be additio;al charges imposbd

when the item is returned. The cardinality pair associated with the Rent ltem eyent has a 0 mini-
mum and 1 maximum because the Receive Cash event occum first and is linked to one. aird o4ly-

one, specific rental event. The relationship between the Rent Item and Retum Item evelts is 1:1

to reflect the fact that the rental of each specific item is individually tracked, as is its feturn;
moreover, each item rented can be retumed at most one time. The minimum cardinalities on each

side of the relationship reflect the temporal sequence of ttle two eyents (i.e., an item is rented

before it is retumed).
Organizations sometimes rent, rather than purchase, resources. For example, many organ-

izations rent oftice spaces and warehouses. The basic economic give-to-get exchange involves
payments to the supplier for the ght to use a resource for a specific period of time.
Information about the Payment event is included in the Disburse Cash table, A seParate Rent

Resource event may be created to represent the acquisition of the resource, because that event

will probably collect information about different attributes than those that are releYant to the

receipt of inventory. Although it is rented and not owned, the resource itself would also be

included in the model as a separate entity because organizations will likely need to maintain
much of the same kind of information (e.9., location, description, etc.) about rented resources
as they do for resources that are owned. Rented and owned resources may be represented in
separate entities, however, because each may contain a number of athibutes not relevant tolhe
other (e.g., information about rental contract terms, acquisition cost, depreciation metl6d,
etc.). In addition, if the rented resource must be retumed (e.9., rental of equipment), then

another event will need to be included in the REA diagram to record that activity. In that case,

the Rent Resource eyent would be linked to two events: Disbune Cash and the Retum of the

resource, forming a mirror image of the REA model of the renting orgarfzatidh's revenue

cycle activities discussed earlier.
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Additbnal REA Features

Figures 19-1 and 19,2 depict several new additional elements of REA data models not discussed
in the prior two chapters: employee rojes, M:f.I agent-event relationships, locations, and relation-
sliips between resources and agents. 

I

I

Employee Roles

Figure 19-i and 19-2 identified the role played by an employee (e.g., salesperson, warehouse clerk,
etc.). This information enriches the REA diagram and can be used to verify whether job functiom
are properly segregated. Howevel Tables l9-1 and l9-2 still show that therc is only one employee
entity. Information aboutjob roles is simply another attribute (job tide) in the employee table.

M:N Agent-Event Relationships
Figure l9-2 depicts the relationship between the Receive Inventory event and employees as

being M:N. This reflects the fact that many deliveries are so large that several employees must
work together to unload and store the items. M:N agent-event relationships occur whenever an
activity is pe.fformed by more than one employee, yet management wants to retain the ability to
monitor each indiyidual's performance.

{:ocations
Figure 19-2 introduces two new entities: Warehouses and Financial Institutions. These entities
stere information about the location where resources are stored and where certain events take
place. Many companies have multiple warehouses. The cardinality pairs linking the Warehouse
and Inventory entities reflect several common situations. A warehouse can, occasionally, be
empty but usually stores many different inventory items. Conversely, the same inventory items
may be stored in several different warehouses. Sometimes companies may also want to maintain
information abo\t inventory that they do not normally carry.

Note also that linking the Receive Inventory event to the Warehouse entity makes it possible
to eyaluate pedormance at different locations. Events, such as Receive Inventory, can only occur
at a specific location; conversely, many events can occur at the same location. Therefore, Figure
19-2 depicts the relationship between Warehouses and Receive Inventory as 1:N.

Examination of Table l9-2 shows that the Financial Institution entity cla fies the nature of
the Cash entity. Each row in the Cash table corresponds to a specihc general ledger acqount that
is aggregated in the balance sheet under the heading "Cash and Cash equivalents." The cardinal
ity pairs associated with the Financial Institution and Cash entities reflect common business
practices. A specific cash account can only be located at one {inancial institution and some
accounts, such as "Petty Cash," are not on deposit anywhere. Companies also typically only keep
information about financial institutions with which they have accounts but may have more than
one account at the same financial institution.

Relationships Between Resources and Agents
Figure 19-2 also includes a M;N relationship between the Inventory entity (a Resource) and the
Supplier entity (an Agent). This relationship reflects the common best practice of identifying
preferred and altemative suppliers for specific inventory items. Similar relationships between
resources and employees can be used to model responsibility and accountability.

Production Cycle REA Model

Figure 19-6 is a data model for the basic production cycle activities of a manufacturing company
and Table 19-3 lists the tables required to implement that model in a relational database, along
with the placement of various attributes. Accurate product cost management and performance
evaluation of production cycle actiyities requires collecting detailed information about the use of
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FIGURE 19-5
Partial REA Diagram for

Prqduction Cycle
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raw materials, labor, and machinery to produce finished products. Thus, thlre are four main

events of interest included in a typical production cycle REA diagmm:

1. Issuance of raw materials
2. Use of labor in production
3. Use of machinery and equipment in production
4. Production of new finished products, represented by the work-in-process eYent

Additional Entities-lntellectual Property
Figure 19-6 includes three special types of entities*the Bill of Materials, the Job Opetations

List, and the Machine Operations List-that store important pofiions of a manufacturing com-

pany's intellectual property. The Bill of Materials entity contains information about the raw

materials used to make a filished product. As Table 19-3 shows, this includes data about the

standard qJantity of each raw material that should be used to make that product. Thus, the bill of
mateials can be thought of as the list of ingredients in a recipe. By itself, however, such a list is

not sufficient to manufactue a product-instructions conceming how to combine those compo-

nents, including the proper sequence of steps, ate also needed. The Job Operations List entity
stores the instructions concemirg labor activities, and the Machine OPerations List eDtity stores

the instructions for actions to be performed using various pieces of equipment. Both entities also

store data about the s tandard time it shonld take to perform those operations.
Figure 19-6 shows 1:N relationships between the Bill of Materials entity and both the Raw

Materials and Finished Goods inventory entities. Each row in the Bill of Materials entity speci
fies how much of a specific raw material is needed to make a particular finished good; thus, each

row represents the information that would be found on one line of a Bill of Materials list. Jhis
reflects the fact that the same raw malerial (e.g., l2-gauge wire) may be used in five diff&ent
products, with a different amount used to make each product. The relationship between the Raw

Materials entity and the Issue Raw Materials event is M:N because the same raw materials can be

related to many different events of issuing that raw material; conve$ely, often all of the different
materials needed to marufacture a product are issued at the same time; hence, olle Issue Raw

Materials event can be linked to many different lines in the Raw Materials table.
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Table Name (Entity) Primary Key Foreign Keys Other Attributes

Raw materials'

Efhployees

Equipment

Issue mw materials

Perform job operations

Perform machine

or".u'ont 
".

Bill otruatedals

aWorlt-in process

Job opemtions list

Machine opemtions list

Finished goods \
inventory
Raw mate als-issue
raw mater,ials

RM item Dumber

EmDlovee numbet

I
I

l

Eluipment ID number

l

RM issue number

Job operation number

Machine operation number

Bill of materials number

WIP job rumber

Inve0tory conhol employee number,

factory employee number 'wIP

iob number

Employee number, WIP job number,
job operations list number

Equipment ID number, WIP job
number, maclune operations list
number

Finished good product number, mw
materials item number

Finished good pmduct number

Description, standard unit cost, reorder
point, beginniig quantity oD hand

Name, date hired, date of birth, number

of dependents, pay rate, other taxl
withholding informatio, job title

Description, acquisition cost,

depreciation method, depreciation life,
salvage value

Date, time, comments

Date, time started, time finished

Date, time started, time finished

Standfid quantity needed

Date/time started, date/time completed,

target completiol date, quantity ordercd,

quantity produced, production order
number

Instuctions, staDdard time for operation

Insfuctions, standard time for operation

Descdption, ui.it standard cost, unit list
price, weight, beginning quantity-on-hand

Quantity issued

Job operations list number

Machine operations list
number

Prcduct number

RM item number,

RM issue number

Finished good product number

Finished good product number

asome organizations may combine Finished Goods and Raw Materials into one inventory table.

The relationships between the Finished Goods InYentory resource and both the Job

Operations List and Machine Operations List entities ale 1'N . This reflects the lact lhat each 1o'

in the list entities represents infomation about a specific actiYity required to make a specific
product. For example, there would be separate rows for polishing brass for each product that

included brass parts; each row would store information about the standard time it should take to
polish the brass when making a particular product. Often, multiple steps are required to make a

single product. Thus, one finished good would be linked to many different rows in the Job

Operations List and Machine Operations List entity tables.
Figure 19-6 also includes an entity labeled "Employee Time". As explained in Chapter 18,

this entity is seldom instantiated as a table in a relational database. Hence, it is represented with
dashed lines in Figure 19-6.

Production Cycle Events
Data abovt actual raw materials used in production is stored in the Issue Raw Materials entity.
Similarly, informati oL abo\t the actual labor and machine operations performed, including the

actual amount of time each activity took, is stored in the Perform Job Operations and Perform

Machine Operations entities, respectively. Performance can be evaluated by comparing the
data in tlese tiree event entities with the information about standards that is stored in the cor-
responding information entities (Bill of Materials, Job Operations List, and Machine
Operations List).
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The Perform Job Operations eyent entity is an example of a Give Resource event: It records
the use of employee time. Each row in that table records information about how much time an
employee spent working on a particularjob. Thus, there can be many rows in tbis table for each
employee every day. For example, on Jul y 7 , employee 727 m{y spend tkee hours on WIP job
2234, two hours o, ltltlob 2235, and three hours on WP job 2236. Collecting this kjnd of
detailed information {bout how factory employees use their timg enables manufacturing compa-
nies to accurately assiln labor costs to different production batdhes and product lines.

The Perform Malhine Operations event is similar to thelPerform Job Operations event,
except that it records fnformation about the use of a specific piece of machinery or equipment.
This information is uieful not only to assign cosls to produc6, but also lor scheduling mainte-
nance. Note that the Perform Machine Operations event is r1o, used to record depreciation.
Depreciation expenses seldom correspond to actual use of the equipment. Depreciation is not
modeled as an event in the REA diagram because it is an accounting concept that arbitrarily allo-
cates the cost ofaIl acquired resource to different fiscal pe ods. Periodic depreciation is simply
a calculation based on a formula (depreciation method) and a set of assumptions (estimated use-
ful life, salvage value, etc.). Information about the fomula and assumptions is storod in the
resource entity for use in calculating periodic depreciation charges, but the calculation process

itself is not an eyent, just as the processes of calculating the total amount of a particular sales

tansaction or the amount of an employee's paycheck are not modeled as events.
Figure l9-6 models the relationships between the Perform Job Operations event and the Job

Operations List entity, and between the Peform Machine Operations event and the Machine
Opemtions List entity, as being l:N. The list entities store infomation about the standard time it
should take to perform each individually identifiable activity; the operations eyents record the
actual time used to perform that activity. Thus, each actual event can be linked to only one entry
in the standards table, but each entry in the standards table is likely to be linked to many actual
performances of that activity.

The Work-in-Process entity is used to collect and summarize data about the raw matedals,
labor, and machine operations used to produce a batch of goods. The relatibnships between
Work-in-Process and those three event entities are all I :N, reflectillg the fact that each produc-
tion run may involve a number of raw matedals issuances, labor operatiqns, and machine
operations. Each of those activities, howevet is linked to a specific production run. These links
reflect an internal give-to-get exchange that is the essence of the production cycle: Raw materi-
als, labor, and equipment are all used in order to produce finished goods inventory. Thus. thr'be

Give Resource events are related to one Get Resource event. 
_ 

^.

New REA Feature
Notice that Figure 19-6 differs from previous REA diagrams in that it shows only-one agent asso-

ciated with the Perform Job Operations (and Perform Machine Operations) events. These inter-
nal events differ from the other events discussed throughout this book in that they do not involve
an exchange or transfer of resources. Instead, they rcpresent the consumption or use ofindivid-
ual resources, such as a specific employee's time or the use of a specific piece of equipment.
Therefore, the event is linked to that agent (employee or piece of machinery) for which manage-

ment wants to collect information for product costing and performance evaluation purposes.

Figure 19-6 also depicts a 1:N relationship between employees and supervisors. This reflects
the typical situation where each employee is assigned to a specific supervisor, but each supervisor
is responsible for many employees. In contrast, a matrix style of organization, where each

employee reports to several supervisors, would be modeled as an M:N relationship between factory
employees and supervisors. Relationships between intemal agents may be created to model lines of
responsibility. Relationships between internal and extemal agents can also occur. For example.
some organizations that primarily provide services, such as banks and insurance companies. rnay

assign customers to specific employees who are responsible for effectively managing the oveiall
quality of the ongoing association with each customer. Relationships between extemal agents are

rarc but may sometimes be implemented to satisfy the requirements for a well-structured database.

For example, if an insurance company needed to collect and maintain detailed information about
each of a customer's dependents, it could do so by creating a separate entity called "Dependents"
and establishing a 1:N relationship between that entity and the Customer entity.
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Combjned HR/Payroll Data Model

Figure 19-7 integrates payroll and HR activities. The Time Worked eyent is necessary to calcu_
late payroll. The Time Usef event is used for cost accounting, to properly assign labor costs (in
niiinufacturing companies.lthis event entity is often called "Job operatiors,,). All of the other
events represent imponant HR activilies.

HR Cycle Entities
Notice that in Figure 19-7 the Employee entity is linked to almost every other entity in the dia-
gram, reflecting the importalce of employees to the organization. The Employee entity stores
much of the data typically found in the employee (payroll) master fi1e: name, date hired, date of
birth, pay rate, job tide, supervisol number of dependents, withholding allowances, and infor-
mation about any voluntary deductions, such as 401(k) plans.

The Skills entity contains data about the different job skills of interest to the organization.
There would be a row in this table for each major job skill. For example, a software developer
may list different programming languages and application programs in this table. The relation_
ship between Skitls and Employees is modeled as being M:N because one employee may possess
a number o{job skills (i.e., one programmer may be proficielt in several different languages)
and, c.onversely, several employees may possess the same skill.

The Training event entity represents the various workshops, training programs, and other oppor-
nunities proyided fol employees to develop and maintain their skills. Thus, this entity stores data that
can ba used to evaluate the effectiveness and cost of training and development efforts. The relation-
ship between the Employees and Training entities is M:N, because a given employee will, over time,
atiend numerous taihing couses and, conversely, several employees may attend the same specific
aaining class. The relationship between the Skills and Training entities is 1:N, because each course
is designed to deyelop a specific skill, but each skill may be taught many different rimes.

The Recruiting event entity stores data about activities performed to notify the public ofjob
openings. The data recorded in this entity are useful for documenting comptiance with employment
laws and also for &aluating the effectiveness ofvadous methods used to announcejob oppotunities.

FIGURE 19.7
lntegrated REA
Diagram for
HRM/Payroll Cycles

I

i Time r
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The M:N relationship between Skills and Recruiting reflects the fact that each advertisemelt may
seek several specific skills and that, over time, there may be several advertisements for a given skill.
The relationship between the Recruiting eyent and Job Applicants is modeled as being M:N
because many people typically apply for eachjob opening, but a given individual may also respond

to more than one recrfiting event. Also, more tlan one employee may participate in each recruiting
event, and, over time,la given employee may participate in many such events.

The Interview e1,ent stores detailed data about each job interview. It is linked to the Hire
Employees event in a 1:N relationship. This reflects the fact that the Hiring event occurs only
once but may result fiom either one or a number of preceding interviews.

Tracking Employees' Time
The section on the Production Cycle discussed the use of a Perform Job Operations event to track
how factory workers speflt their time so that labor costs can be allocated to products.
Professional services firms, such as law firms, consulting organizations, and accounting hrms,
similarly need to track how their members use their time in order to accurately bill each client.
Figure l9-7 uses the Time Used event for this purpose. The structure of this table is similar to
that ofthe Perform Job Operations table described earlier (we use a different name here because

"perform job opemtions" has a manufacturing connotation), Thus, each row in this table includes
the following attributes: the employee, the job (client) to which that employee's time should be

charged, a descdption of the task performed (e.g., prepare will, telephone consultation, court
appearance, etc.), and the time when that task was started and ended. Information about the
nature of the task needs to be collected in order ro evaluate performance and because sometimes

the rate billed for a particular employee may vary depending on the task being performed.

It is instructive to compare the information provided by the Time Used event to that pro-

vided by linking specific business everts to the employee agent who peformed that task.
Regular event-agent relationships, such as that between sales and employees. collect data thrt
can be used to answer such questions as "How much did salesperson X seh this week?" or
"How many sales did each salesperson make?" In conkast, the Time Used event provides the

information needed to answer such questions as "How much time did a particular salesperson

spend calling on customers, as opposed to providing customer service support via the tele-
phone?" Each instance of a regular event entity (e.g., each row in the Cal[ on Customer, Sales,

or Provide Customer Support tables) captures data about discrete activities, such as a particular
sales transaction. In contrast, each row in the Time Used event captures data about what an

employee did during a block of time. Hence, each row in the Time Used table can, and often is.
linked to many rows in a Business Event table. For example, employee 007 may spend five
hours making sales catls to customers, during which time she visited five custori-ei(.: That
would be represented as one row in the Track Time Used table, but hve separate rcws in the call
on customer table. Thus, there is a l:N relationship between the two types of events. It is not
necessary to link the Time Used entity to specific business events, however, but doing so facili
tates evaluating performance at a very detailed level (i.e., to answer questions such as dudng
which block of time on which days of the week is a particular salesperson most effective).

Not every organization collects detailed data about their employees' use of time, in which
case there is no need for a Time Used entity. Moreover, even when such an event is included, the

resource that is used (Employee Time) is seldom implemented as a table in the database because

there are no meaningful attdbutes to describe it. Hence, the resource e[tity "Employee Time" is

depicted with dashed lines in Figure l9-7.

Financing Activities Data Model
.

Most organizations issue stock and debt to finance their op€rations. Figure 19-8 is an REA
diagmm of these two financing activities.

The event Issue Debt is a special kind of cash receipt; hence, it is connected to the Cash

resource entity. It is often modeled as a separate event entity distinct from "Releive Cash"
because it contains different attributes from those associat€d with cash receipts that arise from
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FIGURE 19-8
Partial Financing
Activities Diagram

the Sales event, such as the face amount of debt issued, total amount receiyed, date issued, matu-
rity date, and interest rate. Usually, most companies do not deal directly with individual credi-
tors. Instead, they sell their debt instruments through a financial intermediary, which is depicted
in Figure 19-8 a\ the Transfer Agent. The transfer agent maintains the necessary information
about individual creditors, to properly direct both the periodic interest payments and eventual
repayment of principal. Therefore, each occurrence of an Issue Debt event contains data about
the aggregate amo\nt received from issuing a set of debt instruments. For example, the issuance
of $10,000,000 of 57o bonds, which were ultimately purchased by several thousand different
individuals for a total of $9,954,000, constitutes one Issue Debt eyent.

Debt-related payments (whether pedodic interest payments or repayment of principat at
maturity) are cash disbursements. Usually, the organization writes one check for the total amount
of interest owed for a pafiicular bond oI note and sends that to the transfer agent, who then han-
dles the dishibution of individual checks to each creditor Thus, to continue our example, the
company would send $125,000 to the tansfer agent to make the first quarterly payment on that
$10,000,000 of bonds. The transfer of funds would be recorded as one row in the Disburse Cash
table. Note that if a company has issued different series of bonds at differerlt points in time, it
would normally make separate transfets of funds to the transfer agent for payments linked to
each debt issue, Thus, Figure 19-8 shows each Disburse Cash event linked to a maximum of 1

Issue Debt eyents. The minimum cardinality is 0 because a particular Disburse Cash event may
be linked to either an Issue Debt event or an Issue Stock event.

Equity transactions are modeled in a manner similar to debt transactions. The Issue Stock
event is a special kind of cash receipt associated with the issuance of stock, and the dividend pay-
ments are another type of cash disbursement. As with debt, most companies do not deal directly
with individuat stockholders. Thus, Figure l9-8 shows that both types of equity transactions
involye participation by an employee (the treasurer) and the extemal tansfer agent. The relation-
ship between the Disbu$e Cash and Issue Stock events is modeled as being M:N because each
stock issuance may be linked to many dividend payments and, conversely, a particular dividend
payment may be related to multiple different issuances of stock (i.e., a/l shareholders, regardless of
which issue they bought, wilt receive a ponion of each dividend). The minimum cardinalities are 0
in both directions because there is a temporal sequelce between the two events and because a given
Disburce Cash event might be linked to an Issue Debt event instead of to an Issue Stock event.
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The issuance of stock and debt does not occur very often. Moreoyer, the information associ-
ated with these eyents (par yalue, actual cash received, etc.) needs to be retained for years in
order to track equity and debt accounts to prepa.re financial statements. Therefore, information
abou{ these two events is maintained indefinite}y, rather than being erased at the end of the fiscal
perioil as are other events. i

5u mary and Case Conciusion

Figuie 19-9 presents an integrated enterpdse-lvide data model that includes most of the situa-
tions discussed in this and the previous two chapters. Note how the figure shows the linkages
among different subsystems of the orgalization's AIS. For example, a customer order for fin-
ished goods may, if there is insuffrcient inventory on hand to fill the order, bigger the schedul-
ing of a production run to produce those goods. In tum, this production run may necessirate
ordering additional raw materials. Enterprise Resource Planning (ERP) systems are designed to
automatically tdgger these types of related actions across subsystems by linking each subsys-
tem to a common enterprise-wide database. Thus, even though the databases used in many ERP
systems may not be explicitly based on the REA data model, a model like that depicted in
Figure 19-9 provides useful documentation about the business activities supported by the ERP
system.

Indeed, one of the benefits of an integrated enterprise-wide data model like Figure 19-9 is
that auditom can use it to guide the development of queries to validate the completeness and
accuracy of transaction processing. To illustrate the possibilities, let us examine the process for
validating the updates to the sales account in the genercl ledger. Referring to Figure. 19-9, the
fint step would be writing queries against the data model for the rcvenue cycle. One such query
would sum the amount ofall sales during the time period of intercst. Other queries would link the
Sales and Take Customer Order tables to verify the completeness and validiqy of all recorded
sales. Additional queries could be writtel to tace sales to specifrc customers and sales staff. In
fact, the number of such cross-table links that can be easily generated is limited only by the audi-
tor's imagination. In addition, the system can be configured to create extensive log files that
make it possible to identify who authorized a transaction. Thus, integrated data models make it
possible to write a set of queries that crcates a dch, complex audit trail of an organization s busi-
ness activities.

An integrated enterprise-wide data model like that depicted in Figure l9-9 can also signifi-
caltly improve the support provided for managerial decision making. Managers can write
quedes to assess operational efflciency. For example, queries that link the "Use Employqefime"
evelt to various other events can provide information about the relative productivity of various

employees. Moreover, the REA model's inierent flexibility makes it easy to collett new infor-
mation items to evaluate performance, often simply by adding new attributes to existing tables.
As Focus 19-1 explains, this flexibility not only facilitates managerial decisions, but can also
provide tax benefits.

Creating an integrated, enterpdse-wide data model also facilitates the amalgamatiol of
flnancial and nonfinancial information in the same database, which can improve internal
reporting. Traditionally, internal reports have focused primadly on financial performance
measures. Effective management of an organization, however, requires measuring perform-
ance on multiple dimensions because no single measure is sufficient. lnstead, top man-
agement must have repo s that provide a multidimensional perspective on performance. An
integrated, enterprise-wide data model like that depicted in Figure 19-9 facilitates the
development of multidimensional performance reports, such as the balanced scorecard
discussed in Chapter 16.

Paul Stone reflects on what he has leamed at the REA workshop. He realizes that althou$r a
number of different types of businesses and transactions were covered, he is likely to encounter l

clients with yet other situations. Nevertheless, he feels confident that he now understands a wide
enough variety of situations that he can use that knowledge to develop solutions to enable him to
model almost any type of business activity he is likely to encounter. After all, as ECPA, Paul's
entire career has inyolved continuous leaming and refinement of his skills.
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A well-designed database efficientlj and effectively supports
an organization's transadion processing requirements while
also providing management with easy access to the informa-
tion it needs to plan, control, and evaluate performance.
A properly designed database can also yield tax benefits.
This can be illustrated easily when considering business
travel and entertainment expenses.

The IRS generally allows organizations to deduct 50% of
the meals and entertainment expenses incurred when
dealing with customers or prospedive customers. Many
organizations simply accumulate all meal and entertainment
expenses in one general ledger account. This makes it easy
to calculate the tax deduction at the end of the year: Just
multiply the total amount in the meals and entertainment
account by 50%. Although this approach is simple, efficient,
and logical, it can cause an organization to mi55 out on

i

additional tax deductions. The IRS has establi$ed severll
exceptions in which meals and entertainment expenses lare
100% dedudible. To take advantage of these exceptio4s,
organizations need to design their databases to be abld to
identify tax-relevant characteristics of specific meals and
entertainment expenses. This can be as simple as adding
another attribute to the table used to record those
expen5e5.

ls it worth the effort? Consider the following examples:
(a) Four tickets to an NBA game, plus refreshmentt can cost
over $4oo; (b) four tickets io a concert by a major sympAony
with dessert and coffee afterwards can cost over $300. When
you multiply such examples by the number of times your
sales staff entertains clients during the course of a yeat the
potential tax benefits of deduding an additional 50% of
such costs can be huge.

AIS 
'N 

ACT'ON
Chapter Ouiz

1. Which of the following represents the "get" side of the basic giye-to-get economic ----
exchange for a business that rents equipment and machinery for use by others?

b. Receive Cash
c. Retum Rented Equipment
d. Retum Rented Equipment and Receive Cash

2. Which resource in the HR/payroll cycle is seldom implemented in a database?

a. skills
b. employee time

3, Joe's Computers makes service calls to repair computer equipmetrt, Some calls
involve only labor charges, and others involve both labor and parts. Which of the
following correctly models the relationship between the Service Calls event and

Parts Inventory?

c. applicants
d, cash disbunements
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I

4. Which entity contaiN information about the components used to manufacture a particular
produeP
-a--Inventory c. tsill of Materials

.- . 
b. Job Operations List d. Machine Operations List

5. 
'Which 

of the following production cycle events involves th e acquisition of a rcsor:tce. (i.e., is a Get event)?
a. Perform Michine Operations
b. Perform Job Operations

c. Work in Process
d. Issue Raw Materials

6. Acme Manufacturilg tracks information about customer calls by sales representative.
Although gany calls invoive demolstrations ofproducts, some'are purely to build rela_
tronshrps. What is the co[ect way to model the relationship betwee; Inyentory and the
Call on Customers event?
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7. Which production cycle event coilects the data used to calculate payroll?
a. Perform Job Operations
b. Time Worked

c. Time Used
d. Disburse Cash

8. The giye-toget economic {xchange associated with debt finimcing involves which two
events? 

|

a- Issue Debt and Regeive,C3sh c. Receive Cash and Disbune Cash 
Ib. Issue Debt and Disburs{ Cash d. none oftbe above

I9. Acme manufacturing wantslto track post-sales customer service by collecting information
about each customer servic( call who called, when the call happened, which customer serv-
ice representative handled the call, how long the call lasted, which sales transaction prompted
the call, and which inventory items werc discussed The relationship between the Sales and
Post-sales Service Call events should most likely be modeled as which of the following?
a.

b_

1:1

1:N
c. M:N
d. 0:N

10. Which of the following additions to the basic REA template are sometimes needeh?
a. relationships betwe€n two resources
b. relationships between two agents
c. relationships between a resource and all agent
d. all of the above

Discussion Ouestions

19.1. Often it takes several sales calls to obtain the ffst order from a new customer. Whv then
does Figure 19-1 depict the relationship between the Call on Customer ald Take
Customer Orders events as being l:1?

19.2. How could an automobile dealer model the use of loaner cars, which it gives to customers
for fiee whenever they drop off a vehicle for maintenance that will take longer than one
day to complete?

19,3. In what situations would you expoct to model a relationship between an agent and a rcsource?

19.4. Why is depreciation not represented as an event in the REA data model?

19.5. How would you model the acquisition of a digital asset, such as the purchase of ioJi;warc
online (the software is downloaded and then installed on the purchaser's computer)?

19.6. How are the similarities and differences between the purchase of services, such as tele-
phone service, and the purchase of raw materials reflected in an REA data model?

19.7. How would you modi$ the expenditure cycle REA diagram depicted in Figure 194 to
include the retum of defective products to suppliers for credit?

Problems

19.1. We-Fix-Computers, Inc., provides spare parts and service for a wide variety ofcompute$.
Cuslomers may purchase parts to take home for do-it-yourself repain, or they may bring;
their systEms in for repair, in which case they pay for both the parts and the labor associalirC
with the type of service required. Some services do not include any new parts, just a labor
charge for that service. lndividual customers must pay for all pa s purchases in full at the
time of sale. Individual custome$ must pay 507o down when they bring their cojnpuiels ir
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for servicing aad pay the balance at pickup. Corporate customers, however, are billed
monrily for all sales (parts or service). Although We_Fix_Compute6, Inc., has several dif_
ferent banking accounts, all sales are deposited intact into its main checking account.

- We-Fix-Computers, Inc. purchases its inventory of parts from morb Gan a dozen dif-
l' ., t:f* ,..ndors. Orders are usually delivered the next day; sometimes, hpwever, suppliers
| ', shrpor y panial orders. We-Fix-Computers pays for some of irs purchases COD. iut usu_
' ally pays by the roLh of Lhe monrh for aI purchases made rhe prior moJrh. None of irs

suppliers allows it to make installment payments. 
]

Required 
I

Draw an integrated REA diagram for We-Fix_Compute6, reyenue and expenditure cycles.

19'2' The Mesa veterinary Hospital is run by Dr. Brigitte Rooseyelt. she has two employees in
the office and has asked you to develop a datab;se to help better track her data.
Dr Roosevelt currently uses her personal computer onlylor word processing, but she is
interested in also using il to maintaln pet histoiies and accounting information. She is
excited about the tansition and is counting on you to help her thiough the process. She
describes her daily activities as follows:

Whe new cu;tomers corne to MesaVeterinary Hospital, the .,owners,, 
ol the pets q.re

). : _feQuired to complete an introductory form. This forn includes the following:
. Owner name
. A(ldress
. Day phone
. Night phone

They are also required to provide the following information about each pet, as some
people own many pets:

. Pet name

. Breed

. Color\

. Birth date

_ Dr Rooseyelt would like to enter this information once, and then have the system
retrieve it for all subsequent visits.

When customers call to make oppointments, one ofthe ofice clerks asks what kind of
services they require (e.g., is it a routine exam, a,urgery etc.). Dr Roosevelt sees only
one pet duing each appoinhnent. If she is going to see one ovryer,s two pets, then two
separate appointments are necessary (but scheduled. back_to_back). For each appoint_
ment, Dr Rooseyelt records the pet's weight, notes the reason for the appointnint, and
records her cliagnosis. Depending onthe diagnosis, the doctor wiLl poiiibly prescribe any
number of medications to cure the pet. Owners are charged $25 foi each ippointnent and

'must pay additiorwllyfor any medications prescribedfor their pets. Dr Roosevelt reqtdres
all pets to be brought back for another examination prior to rert ing any prescriptiois.
Customers must pay for services and medication in full at the conclusion of their visi*.

You also leam that Dr. Roosevelt orders drugs and medications from several
different suppliers. She places orders weekly, on Fridays. Suppliers usually make
one shipment to fill each order, but sometimes have to make idditional shipm"nts
if they are currently out of stock of one or more items. In such cases, they always
ship the back-ordered item as soon as they receive it from the manufacturer; they
never combine such back orders with subsequent orders by Dr. Roosevelt.
Suppliers bill Dr. Roosevelt monthly and exiect payment in full by the 15th of the
following month. A few suppliers do permit Dr. Rooseyel[ to make installment
payments. The prices charged by suppliers for a given product may change several
times dudng the year, so it is important to accurately store the cost of each item" each time it is purchased.
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Dr. Roosevelt concludes the interview by requesting that in addition to the facts men-

tioned' she wants the system to store the following attributes:

. Number of pets owned bY each

customer
. Total charge for the aPPointment
. Prescription price
. Drug name

. Length of appointmenf

. Diagnosis

: Date of appointment ]

. Service requested ]

Required ]

a. Given this brief overr'iew, draw an integrated REA diagram for the Mesa Jeterinary Hospitat

and include cardinalities.
b. As directed by your instructor, either draw the tables necessary to implement the inte-

gratedREAdiagramyoudevelopedfortheMesavetelinaryHospitalolbuildthetables
in a relationat DBMS to which you have access. Be sure to include all attdbutes from the

narrative plus the additional ones explicitly listed by Dr. Roosevelt at the conclusioq of the

interview. Create additional attibutes only if necessary.

(This problem is adaptedfrom one created by Dr Julie Smith David

for classroom use at Arizona State University.)

19.3. Your university hires you to implement a database system for the library network' You

have interviewed severat libradans, and the following summarizes these discussions:

The library's main goal is to provide students and professoG with access to books and

other publications. The library, therefore, maintains an extensive collection of materi-

als thit are available to anyone with a valid university identification card'

The standard procedurc for lending materials is that the student or faculty member comes

to one of the three campus libraries and locates tbe book orjoumal on the shelves'

Each book is assigned three unique numbers. First, the book is assighed a number by

the publisher, catled the Intemational Standard Book Number (ISBN) This number

allows the publishers to track each title and the number changes with each new ed!
tion. The second number is the Dewey decimal number, which is assigned to the title

and written on the outside spine of the book. This number is used to organize the

library shelves and is thus helpful to the students and faculty. It is therefore critical '
that this number be available to users on the online inquiry screens. The last number is

a uniyersity book ID number A different number is assigned to every book thaLis 
-

received so the library can track all copies of each book. This number is different fiiih
the other two numbers such that if the library has three copies ofone book, each will

have a unique university book ID number
When students or faculty check out books, the system must be able to track the spe-

cific copy that is being borrowed. Each book has a magnetic strip inserted in its spine'

which is used as a security measure. If someone tuies to take a book without checking

it out, an alam sounds.

In general, shrdents and faculty have equal clout in the library. Both are able to check

oui most books and to check out several books at one time. No one is allowed to

remove periodicals from any library. The length of time that the book may be bor-

rowed varies, however, depending on who checks it out. Students are allowed to check

out a book for several weeks; faculty may borrow books for several months'

When patons check out books, they take their materials to the circulation desk' At that

time, the librarian scans in each item's university book ID number and the borrower's ID

number The system records a sepamie loan event for each book being checked out,

assigning each a separate loan number. At this time, each book's due date is calculated

and marked on a slip loca&d inside each book's front cover. Simultaneously, the :
magnetic strip is deactivated so the book may be removed ftom the library'

After borrowers check out a book, they are expected to return it by its due date ln
reality, everyone is allowed 30 days after the due date recorded on the checkout slip

before the book is ofiicially overdue. At that Point, the book must be rehlned, and the

borrower is assessed a $10 fire. If the book is permanently lost, then the borrower is
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fined $75 for the book's replacement. All fines must be paid in cash, in full. Students
aie not allowed to enroll for subsequent semesters until;ll fbrary fines are paid; they
also do not receive a diploma until all library fines are paid. Faculty must pay all out-
standing fines by June 30 of eacfr year.

. When a book is retumed, the retum must be entered into the system, and a unique
i retum number is used to log the.transaction. At that time, lhe loan record is updated to

show that the book has been rettmed.
The following attributes have been identified as critical for the new system:

UniYersity book ID
Book publisher

Due date

Loan number

Checkout date

Borrower name

Book title
Fine receipt number

- Ani6unt received

' "Library name

- , Amount offine
- 

Default library where
book is shelved

!

Bdnowerphone number Tlpe of borrower

Cash account number (faculty or student)

Librarian name Librarian college degee

Book stahrs (on the shelf Actual retum date

or checked out) Borrower ID
Borrower's fine balance Library borrowed from
owed Librarial number
ISBN number Account balance
Book rctuln number Total number of books in
Dewey decimal number a specific library

Bonower address Loan status (still out-

Book copydght date standing, or returned)

Borrower e-mail address Author name

Required
a. Dmw an REA diagram for the library system. Remember to include cardinalities.
b. As directed by your instructor, either create the tables on paper that would be required

to implement your REA diagmm or actually build those tables in a relational DBMS to
which you have access. Only use the attributes listed, ulless others are absolutely
necessary.

(This problem is adapted from one deteloped by Dr Julie Smith David Jor
classroom use at Arizona State University,)

19.4. The XYZ Company sells tools and parts to automotive repair shops. Shops call in
orders; all orders received by noon are delivered the same day. Between 12:00 and 1:00,
the system prints out schedules. From 1:00 to 5:00, d vers make deliveries according to
the printed schedules. lpically, each driver mates between 25 and 30 deliveries each
day. Each delivery is signed for by a repair shop manager; the portable laptop then uses
wireless communications to tmnsmit information about the delivery back to the XYZ
colnpany and the information is recorded as another row in the sales event table. The
XYZ Company uses its own trucks to make local deliveries to its customers.It wants to
track information about the use of those trucks: which employee droye which truck, to
which customers did a particular truck make deliveries, which deliveries are made on
which days, what was the starting and stopping mileage each day?

Required
a. Draw a partial REA diagram of the XYZ Company's revenue cycle to model these

events: Taking Customer Orders, Deliveries, and the Use ofVehicles. Be sure to
include cardinalities.

b. Create a set of tables (either on paper or in a retational DBMS to which you have
access) to implement the REA model you developed for the XYZ Company.

19.5. Assume that Stained Glass Artistry, a new shop that specializes in making stained glass

artwork, has hired you to design an integrated database that will provide the owners with
the accounting information they need to effectively manage the business. Stained Glass
Artistry makes a wide variety ofstained glass windows for sale in its store.
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A uniquejob order is assigned to each production run, which includes creating multi-
ple copies of the same basic design. When raw materials are issued to employees, the
issuance is documented on a prenumbered raw material issue form. The different kinds of '
glass needed for the product, and other materials such as copper foil or lead, are issued at

one time, so that employees can efficientJy produpe the design.

Creating a piece of stained glass art involveslseveral different steps. including
cutting, foiling, and soldering. The owners want !o track how much time each employee
spends each day performing each of those various Iasks.

The owners have developed raw matedal and direct labor standards for each design
they offer. They want their AIS to track actual costs and standard costs so that they can
generate reports that provide price and quantity variance information.

The owners also have provided you with the following list of facts that they want
stored in the database. (Nole. You must create appropriate primary keys for each table;
this is the list of other attributes.)

Attributes in Standard Glass Artistry AIS
Date hired Time started task Time completed task
Style ofglass Quantity on hand Colorofglass

(name or description) Quantitity to be produced Actual cost of design
Design name Standard quantity ofglass Quantity issued
Standard hours to to use in design Standard cost ofdesign

make design Date design produced Date of birth
Wage rate Employee name Standard cost ofglass

Required
a. Draw an integrated REA diagram for Stained Gtass Artistry. Include bbth minimum

and maximum cardinalities.
b. Create the set of relational tables required to implement your REA diagram for Stained

Glass A-rtistry in a relational database.

19.6. Bemie's Pet Store sells pet food, toys, and supplies. Bemie, the owner, is the only person
who places orders with suppliers. He is also the only person who writes checks. Suppliers
ship each order individually; if they are out of an item, they back oder it and ship it --

separately as soorl as it arrives. Bernie pays each supplier monthly for all purchasei made.
the previous month. Supplie6 do not allow him to make installment payments.

Bernie has eight employees, each ofwhom can check in materials received from
suppliers and sell merchandise to customers. Bemie pays his employees weetly from a

separate checking account used only for payroll purposes.

All sales are made in-store and are paid for immediately by cash, check, or credit card.

When employees are not working the cash register or checking in merchandise. they
restock shelves and clean up the premises. Berlie does not wa\tto turack each individual
restock or clean-up event, but does want to know how much time each employee spends

each day doing those tasks. He also wants to track how much time each employee spends
each day receiving inventory and how much time they spend working at the cash register.
He wants to be able to write queries that would show time spent by job task (restocking,
cleaning, receiving, or sales) for each employee. It is not practical, howeyer, to try to
measure the time spent on individual tasks (e.g., Bernie does not want employees to hack
the time they start and finished unloading a shipment ftom supplier X, then repeat for
supplier Y; simila y, he does not want to kack how long it takes to ring up each individ-
ual customer at the cash register). All he wants is to know how much time each day (e.&,
3.75 hours) each employee spent performing each different type ofjob.

Required
Draw an integrated REA diagram for Bemie's Pet Shop. Be sure to irclude both payroll
processing and the ability to track how employees use their time. t
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19.7. At Big Time University (BTU) students are allowed to purchase two basketball tickets for
eachtome game. Each ticker contains the date of the game, and the seat informatiol,
such as section, row, and individual seat number. Students pay for each game individu-

ally; that is, student sporting event passes are not used at BTU. BTU deposits thP pro-

I ceeds from each game into its bank.
l"
I ReouiredI'

a. Prepare an REA diagram with cardinalities for the revenue cycle for BTU's gasketball

games. State any assumptions you may have to make conceming BTU's busihess

policies and practices. I

b. Implement your model in a set of relational tables. Be sure to specify primary keys, for-
eign keys, and identify at least one other attribute that should be included ir each table.

19.8. Small conhactors often rent special equipment fot specificjobs. They need to tmck the

equipment that is rented, when it is returned, and payments made to the rental company.

Required
a. Dmw a partial REA diagram for the acquisition, payment, and retum of rental

equipment. Be swe to include cardinalities and state any assumptions you made when

spe.gifying those cardinalities.
- b. Create a set of tables (either on paper or in a relational DBMS to which you have
' - - 

access) to implement the REA model you developed.

AIS 
'N 

ACT'ON SOLUTIONS

Which of the following represents the "get" side of the basic give-to-get economic

exchange for a business that rents equipment and machinery?

a. Rent Equipment (Incorect. The Give event (Rent Equipment) is linked to two Get eYents:

Retum Rented Equipment and Receive Cash.)

b. Receive Cash (Incorrect. The Give event (Rent Equipment) is linked to two Get events:

Retum Rented Equipment and Receive Cash.)

This case invohes creating a database from an integrated REA
diagram and then using the REA diagram to guide the writing
of que es to prepare financial statements,

Required

a. Crcate the tables necessary to implement Figure 19-9 in a
relational database. Be sure to include primary keys and

other relevant attributes in each table.

Write the query or set of queries, necessary to generate as

many elements of financial statements as possible. For
example, write the query or set of queries that would be

used to calculate the amount of cash on hand, the total of
accounts receivable, the total value of mw materials

inventory on hand, etc.
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Ed.

Receive Cash (Incorect. The Giye eyent (Rent Equipment) is linked to two Cet eyents:
Retum Rented Equipment and Receive Cash.)
Return Rented Equipment and Receive Cash (Correct. The Ciye event (Rent
Equipment) is linted to two get eyents: Retum Rented Equipment and Beceive Cash.)

I
1 Wlich resource in tIe cycle is seldom implemented in a database?

a, skills (Incorrect. Information
I b. employee time (Correct. The

skills is important to record.);#i#*,ffi ;;ii'to u," i,, .,proy."',
time-but time is a

:e trme represenls the nght to use tn employee's
asset and is consumed when it is abquired, so this

resource is seldom if ever as a table in a database.)
c, applicants(Inco[ect. are agents and information about them mrist be recorded.)
d. cash disbursements (Incorect. Cash disbursements is an event about which

information must be recorded.)

3. Joe's Computers makes service calls to repair computer equipment, Some calls involve
only labor charges, ard others involve both labor and parts. Which of the following cor-
recdy models the relationship between the Service Calls eyent and Pa{ts Inyentory?

(Incorrect. This shows that every part must be linked to use on at least one service call.)

(Incorrect. This shows that every part must be linked to at least one service call and
that every service call must involve use of at least oDe part.) \

(Co[ect. This shows that some parts may not be linked to any servicscall, but others
could be linked to many seryice calls. It also shows that some service calls do not involve
the use of any parts, although other service calls may involve the use ofmultiple pans..1 .,

[;-1 ,^,_l ;" =]

o. 'n'"n"' ?-tl-
(Incorrect. This shows that every service call must involve the use of at least one part.)

4. Which entity contains information about the components used to manufacture a particular
product?
a. Inventory Gncorrect. The Bill of Materials entity stores the list of ingedients (compo-

nents) used to manufacture a given product,)
b. Job Operations List (Incorect. The Job Operations list entity identifies the steps

required to manufacture the product, but the list of components used is stored in the
Bill of Materials entity.)

> c. Bill of Materials (Correct. The Bill of Materials entity stores the list of components
used to manufacture a given product.)

d. Machine Operations List (Incorect. The Machine Operations List entity stores the
steps and processes involving machinery used to manufactute a product.) tt 

,

5. Which of the following production cycle events involves the acquisition of arcso[rce
(i.e., is a Get event)?
a. Perform Machine Operations (Incorrect. The Perform Machine Operations gvent

records information about the use of machinery and equipment; i.e., it is a Give event.)
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b. Perform Job Operations (Incorrect. Tlie Perform Job Operations event records infor-
niation about the use of labor to manufacturc a producl; i.e., it is a Give eve[t.)

c. Work in Process (Correct. The Work in Process event collects and aggrcgates all the

costs associated with creating a finished product.)
d. Issue RaI Materials (Incorect. The Issue Raw Materials event records information

about the raw materials used to mahufacture a product; it is an example of a Give event.)
I

Acme manufacturing tracks informatlon about customer calls by sales representative-

Although many calls involve demonstrations ofproducts. some are purely to build rela-

tionships. Wlat is the correct way to model the relationship between Inventory and the

Call on Customer event?

(Incorrect. This shows that every call must involve demonstration of at least one

product.)

(Correct. This shows that a call may not inyolve the demonstration of any products,

although it could demonstmte multiple products. At the same time, it corectly shows

that some products may not be linked to any sales calls, whereas others may be linked
to many different sales calls.)

(Incorrect. This shows that every product must be linked to a sales call.)

(Incofiect. This both shows t}tat every product must be lin]ed to a sales call and that

every sales call must involve the demonstration of at least one product.)

7, Which production cycle event collects data used to calculate payroll?

a. Perform Job Operations (Incorrect. The Perform Job Operations event collects data

about the use oflabor; it is used to calculate product costs.)

) b.i Ti6e 1yortr"4 ,Correct. This event captures the acquisition of time from employees, in
return for which they must be paid.)

c, Time Used (Incorrect. This eyent collects data about the use of labor; it is used to
calculate product costs.)

d, Disburse Cash (Incorect. This eyent records the paying of wages, but not their
calculation.)

8. The give-to-get economic exchange associated with debt financing involves which two
events?
a. Issue Debt and Receive Cash (Incorrect. The Issue Debt is a special instance of the

Receive Cash Event.)
) b. Issue Debt and Disbuse Cash (Corect. Issuing debt results in receipt of cash and sub-

sequent repayments of that debt.)
c, Receive Cash and Disburse Cash (Incorrect. The Issue Debt event is used to record the

facts about borrowing events, which differ from the facts collected about cash receipts for
sa1es.)

d. none of the above (Incorrect.)

6.
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9. Acme manufacturing wants to track post_sales customer service by collecting information
about each customer service call: who called, when the catt afpieO, wtrich customer
seryice rcpresentative handled the call, how rong the cal last"i,'*ii"n 

"a". 
t *.u"tionpromptcd the call, and which inventory items were discussed. The relationship between theSales and Post-sales Service Calfevenis strouta most iit<ety Ul moaetea as wtrlcn of tnefolJowing? 

I

a. I: I (lncorrect. Some cusromdrs may make more than one service calj related to aspecific sales transaction and they may also discuss several sales transactions during
the same sewice call.)

b. 1:N (Incorect. Some customers may make more than one service call relaled to aspecific sales kansaction and they may also discuss several sales transactions during
the same service call.)

> c, M:N (Correct. Some customers may make more than one service call related to a spe-cific sales transactio[ and they may also discuss several sales transactions during the
same service call).

d. 0:N (Inconect. There is no such thing as a 0:N relationship)
10. Which of the following additions to the basic REA template are sometimes needed?a. relationships between two resources (Incorrect. This chapter introduced an example ofthis to model location information, but ir atso introaucejexamptis ofrelationships

_ between two agents and between a resource and an agent).
b. The relationship between two agents (Incorect. This"chapter intuoduced an example ofthis to model information about supervisors, but it also introduced examples ofrela_

tionships between two ."sorr.., ,nd b.,*..n u ,"ror.." _J* u!"ng.c, The relationship between a resource and arl agent (Incorect. This ihapter introducecl aaexample of_this to model responsibility for a resource, but it also introduced examples
. of relationships between two resources and between two agents).) d. All of the above (Corect. Examples of each of the above wele introOuceg in Ois ctrapter.;
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database used to supportlan organization's txansaction processing lequirements. The Yarious

REA diasrams presented ih those three chapters depicted the actual lesources, events, and agents

involved in carrying out {he organization's husiness,Processes. rt" oi": 
1'::l::1""11.1".t

developing * iEa-diuerh* are designed to ensure the accurate rqcording of things that exist,

the events"that o..ur.i, irnd the specific agents who pafljcipared in those events The REA

qhapte$ 17-19 have explainerl how the REA model can be used tb describe the contents of a

developing ao REA diagram are designed to ensure the accurate
. ;t ,_,

Poliry level

lmplemenlolion

model can be extended to also explicitly represent information about an orgaDization's business

policies. Doing so provides the opportunity to model information about such things as standards

and intemal controls. This Appendix provides a brief introduction to this topic'

Extending the REA model to incorporate information about policies that lepresent what

should, could, or must happen involves the use of two new data modeling concePts; Type and

Group entities. Type entities are used to depict "is-a-kind-of' relationships and Group entities are

used io represent 
,,is-a-member-of ' relationships. Figure 19A-1 shows that both kinds of entities

exist at thip_olicy level and that they are mapped to entities at the operational level. For example,

each individual sales hansaction represents a specific t)?e of sale (Intemet, In-store, Mail Order,

etc.X Similarly, each individual employee is linked to one, and only one, specific class of

..-employees (buyers, cashiers, salespeople, etc.); in other words, each individual employee is a

typi of employee. In addition, Figure 194-1 shows that employees are also assigned to (mem-

bers of) specific divisions in the organization.
. Type and Group entities are similar in that both are abstractions that replesent sets of

objects" They differ in terms of semantics and attdbutes. Type entities contain attributes that

apply to every individual entity of that type. For example, Figure 19A-1 shows that the Employee

iype entity iontains the attributes Role, Base Pay, and Salary Range and the Sales'Ilpe entity

"ontain, 
uit ibut"r ubout whether to charge for shipping, sales tax, etc. In contrast, Group entities

contain attributes that apply to the set as a whole and are often derived values. Thus, Table 19A-l

shows that the Group entity called Division contains attdbutes such as average salary and the

number of employeei, which represent proPerties of the entire set that are calculated from the

-values of every entity that belongs to that $oup.
The attributes of Type entities proYide a way to specify policy infomation (e g', valid salary

ranges, shipping charges, etc.) so that the system can enforce and validate adherence to the orga-

,irition" iutin"tt policies. For example, an individual employee's salary can be compared to

the permissible salary range for that class of employee. Similarly, the system can decide whetber

to collect sales tax on a particular sales transaction by checking the stated policy for that type of

FIGURE 19A-1
Extending the REA
Model to lnclude PolicY-
Level lnformation

'Ih" r",".iul io rt* eppendix is baseal on the article, "Policy-Level Specification in REA Enle'prise Information

Systems" by Guido L.'deerts and wi iam E. Mcc afthy, in the Jounl$l of Inlormation ststems 20:2 (Fall 2006): 37-63.
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TABLE 19A-1 Policy-level Entities and Relationships

Policy Level Entities Primary Key Foreign Keys Other Attributes
Division

Employee t)?e

Sales type

Operational Level
Entities

Division number

Employee type number

Sales qpe number

Budgeted s4les this period 

-

Role description, permissible salary range
type number Venue (Interlre! mail-order, in-store, etc.), col_

lect sates tal Gno

Employee number

Invoice number

number,
employee type number

Employee number,
sales type number

Other

Name, date hircd, salary, etc.

Date, time. comments

Key

Employees

Sales

sale. The attributes of Group entities provide a way to represent budgetary information, such assales goals for each division, in a manner-that facititates creating rffis that compare actualresults (data stored in the operationarJeyer entities) with plans 1a"ir"Lo i" the policyleyel
entities).

Finally, Figure 19A-l also shows that there can be relationships among Type entities. Thisprovides.another means to specify business policies ana intemaf c6ntrols. For example, includ_ing Employee Type as an attribute in the Sales Type entity proria", u'_""frunir,, for specifying
that only sales staff can make sales to customers; sirnilar linkages can be used to spe.rfyt;;;;;i;buye: ca1 grd:r inv_entory from suppliers, that only cashiers ia, *.it" 

"i""tr, _a ,o on.
The objective of this Appendix was to provide an introduction to h;rhe REA moder can beexterded to incorporate information about organizational policies anJ fr[-"["*"fr. iiy",take a database course, you will leam more about abstractions like Type anO C.oup entities andthe.concepts of typification, generalization, and aggregarion. Vou ,i.rly ufro learn more abourpolicy-level REA issues on your own, by reaaing thi-articte cited as the'rei.erence source for thisAppendix.


