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Review Questions

R1. 
What three basic steps are involved in view integration?

1. Identify the common entities in two views. 

2. Merge the common entities, resolving any entity conflicts and performing a set union of their attributes.

3. Examine each relationship and resolve any relationship conflicts.
R2. 
What are two types of entity name conflicts that must be resolved when identifying common entities in multiple business process conceptual models?

Two types of entity name conflicts include synonyms and homonyms. Synonyms are different labels (with equivalent meaning) used to represent the same entity.  A homonym is a single label (with alternative meanings) used to represent different entities.

R3. 
In view integration, what is attribute conflict and how is it resolved?

Attribute conflict exists if different attributes have been identified as important for describing the same entity in various views. All necessary attributes of an entity set needed for all business processes in which that entity set occurs should be included in an enterprise-wide database. Attribute conflict is resolved by performing a set union of the attributes needed for the different cycles. 

R4. 
List and describe three conceptual level implementation compromises.

1. Exclusion of an entity or relationship because of inadequate measurement mechanisms or because no decision need exists for that data.

2. Consolidation of conceptually congruent entities. If two entities always occur in combination with each other, so that they are virtually indistinguishable, they may be combined into a single entity.

3. Materialization of tasks as event entities. Done when tasks are deemed sufficiently important to track separately from the events they comprise; not recommended, as it increases model complexity and results in a database design that must be changed if task workflow changes.  

R5. 
List and describe three logical level implementation compromises.

1. Posting a foreign key into an entity table to represent a relationship in which the entity has optional participation. Should only be done when it will result in high load.  Results in reduced query complexity and less overall use of space in database.

2. Combined entity key posting, i.e., the posting of a single foreign key to represent multiple relationships for which participation of the entity into whose table the key is posted is mutually exclusive. For example, a cash disbursement goes to a supplier or to a creditor or to an employee.  Note: referential integrity cannot be enforced.

3. Combination of entity sets without generalization. For example, agents of different types about which similar attributes need to be stored may be combined into a single entity set.

R6. 
List and describe two physical level implementation compromises.

1. Storage of derivable attributes. We recommend the storage of static derivable attributes, because the cost of the extra storage space taken up by those attributes is likely outweighed by the benefit of less complexity, and therefore less processing power is needed for queries that use those attributes. We do not recommend the storage of volatile derivable attributes except when the database is capable of storing triggers, because data is likely to become inaccurate and obsolete. 

2. Event activity roll-up.  This compromise recognizes that enterprise databases exist in a finite storage space and also recognizes that the larger the size of the database, the less efficient querying becomes. A benefit of enterprise information systems founded on enterprise-wide databases is the ability to produce financial statements without actually closing the books. This is sometimes called a virtual close. The disadvantage of never closing the books is the uncontrolled growth of the database – the database may quickly grow too large for optimized, proficient querying. One means of controlling that growth is to wait until such a time as event history detail is not needed and then roll that data up into a single event occurrence.

R7. 
Explain what aspects of view integration may be easier with the ER grammar format than with the ER diagram format.

The ER grammar format has several advantages over the diagram format in view integration. Reorganization of the physical diagram layout is not an issue, and copies of entities become unnecessary, as entities and relationships are simply alphabetized and each relationship that contains an entity as one of its connected entities refers back to the same entity in the alphabetized list. Of course the steps involving identification of common entities, resolution of entity conflicts, resolution of attribute conflicts, and resolution of relationship conflicts are still necessary and the grammar does not necessarily provide any advantage over the diagram format. Although overall view integration is facilitated by the ER grammar format, the diagram format facilitates other tasks. Therefore we are not recommending one format versus the other; we are merely identifying possible strengths of each format.

R8. 
What notation is used in a conceptual model in diagram format to represent a duplicate copy of an entity set that is already used elsewhere in the model?

A diagonal slash is placed through the bottom right corner of the entity’s rectangle and the attributes are removed from the entity. 

Discussion Questions

D1. 
An enterprise’s financing cycle model includes a cash entity with the attributes, cash account number, account type, and account balance. The same enterprise’s payroll cycle model includes a cash entity with the attributes, cash account id, cash account type, and cash account location.  

a.
If the enterprise integrates the financing and payroll views, how many cash entities should the integrated view include?

b.
What attributes should the integrated model include for the cash entities?

c.
What questions do you need to ask (or what assumptions do you need to make) to determine the answer to question (b)? 

a. The integrated view should include only one cash entity.

b. The integrated model’s cash entity should include the attributes cash account id, cash account number, cash account type, cash account location, and cash account balance.  This list of attributes represents a set union of the attributes from the separate cash entities indicated in the individual views.

c. You must ask whether cash account id is different than cash account number (the list in part b assumes they are different – that the id is assigned by the enterprise and the account number is assigned by the bank) thereby resolving potential attribute name conflict.  You can probably safely assume cash account type and account type are the same (as the list in part b assumes), but it doesn’t hurt to ask to make sure!
D2. 
Examine the relational database tables in Exhibit 10-9. Compare them to the relational database tables in Exhibits 8-20 and 9-18 from Chapters 8 and 9. What difference do you notice that could be considered an implementation compromise?

Exhibits 8-20 and 9-18 included a separate table for each type of employee, e.g. shipping clerk, salesperson, accounts payable clerk, and so on. Exhibit 10-9 combines all employee records into a single employee table.  This is a combination of entity sets without generalization, a logical level implementation compromise.

D3. 
A relationship between cash receipt and customer for an enterprise has cardinalities (0,1) cash receipt – (0,N) customer. The enterprise creates a cash receipt table and a customer table to represent the entities. To represent the relationship, the enterprise posts the primary key of the customer entity table into the cash receipt entity table. Why is this considered an implementation compromise, and at what level (conceptual, logical, or physical) is it an implementation compromise?

This is an implementation compromise because pure relational theory prohibits the occurrence of null values in a database table.  Implementation of this relationship will result in null values if the data follows the cardinality pattern. Because participation of cash receipt in the relationship is optional, a cash receipt could exist without a related customer. Therefore the values for some customer identifiers posted into the cash receipt table would be null.  The enterprise should have made the decision to post this foreign key based on it having a high load. It is considered a logical level implementation compromise. 

D4.
Why might a company decide to roll up its cash disbursement event activity? Is this an implementation compromise?  If so, does the compromise occur at the conceptual, logical, or physical level?

Left uncompromised, an enterprise database is likely to quickly grow too large for optimized, proficient querying. A company may decided to roll up its cash disbursement event activity to reduce the size of the database and increase the efficiency of those queries for which cash disbursements are relevant. This should only be done, of course, if the rolled up data is no longer needed in disaggregate form. This is considered a compromise because the pure relational model requires all data to be maintained in a database in its most disaggregate form. This is a physical level implementation compromise.   

D5.
Glorious Bea Enterprises (GBE) receives cash from various external business partners, including investors, creditors, customers, and suppliers. GBE wants to store information about all external business partners in a single database table. Describe the conceptual, logical, and physical level implementation compromises GBE needs to make.   

At the conceptual level, GBE should not make any compromise. The conceptual model should reflect the various external business partners related to the appropriate events, resources, or other agents. Although GBE could consolidate these entities into a single entity called External Partner, reality will be better reflected if they are left separate in the model. The compromise to create just one table in which to store data regarding all these agent entities is a logical level compromise. To make the conceptual model consistent with the logical model, the designer should add the label External Partner to the entity names in the conceptual model, e.g. External Partner – Investor, External Partner – Creditor, External Partner – Customer, and External Partner – Supplier. This re-labeling is not a compromise, it is simply good form to clarify the consistency between the conceptual and logical levels.  No physical level implementation compromise is needed to combine the external business partner data into a single database table. 

Applied Learning

A1. 
Quandrax Computers is a store that buys computer components for low prices, assembles the components into computers, and then sells the computers at high prices.  Each computer is assigned a unique identification number, and computers that have common configurations are categorized into types (e.g. Longitude is a laptop that is easily networked and is recommended for businesses, Element is a desktop that is intended for home and small businesses, etc.).  Categories can be entered into the database before any computers in the categories are actually assembled.  The computer components are purchased from wholesalers.  One of Quandrax’s purchasing agents submits an order to the wholesaler that has listed a given component for sale. If the order is accepted, one of Quandrax’s inventory clerks receives the item(s).  Multiple orders accepted by the same supplier may be consolidated into one purchase.  Orders are accepted in their entirety or not at all.  Nearly all of Quandrax’s orders are accepted. Sometimes the incorrect components are delivered to Quandrax and Quandrax has to return them to the appropriate supplier.  Sometimes Quandrax returns components to suppliers for other reasons (e.g. as the result of a change in planned production of a certain category of computers).  Only about 10% of Quandrax’s purchased components are returned to suppliers, and any return would result from only one purchase.  
When payment is due for a purchase, one of Quandrax’s cashiers issues one check for payment in full for the item(s) on that purchase.  Sometimes if multiple purchases have been made from the same supplier within a short period of time, Quandrax will pay for those purchases with just one check.  One of Quandrax’s managers is required to authorize all purchase orders greater than $5,000 and is also required to sign all checks (including checks written for expenditures other than purchases of computer components).  Quandrax needs to keep track of the managers’ participation in these events as well as the participation of other employees in these events. In physically implementing the conceptual model into the database tables, Quandrax wants to combine all employee types into just one table (i.e., keep the separate employee entities on the E-R diagram, but just make one employee table to represent all of the employee entities, then post keys or make relationship tables as necessary to implement all relationships of employees to the relevant events).
   All sales are handled via mail or e-mail, as Quandrax does not have any showrooms.  Quandrax assigns salespeople to its large corporate customers and the salespeople take sample computers to the customer locations to demonstrate features as part of their sales calls. Only a small percentage of Quandrax’s sales calls result in orders, and sometimes a salesperson might need to make several sales calls to the same customer to obtain one order from that customer.  Orders also result from customers surfing the Internet and seeing descriptions of the computers on Quandrax’s web site. These customers are not assigned to specific salespeople; Quandrax only tracks the salesperson that actually took the order. Some of Quandrax’s salespeople are hired just to handle such orders and as such are not assigned specifically to any customers. 
   If a customer orders multiple computers on one sale order and some of the computers are immediately available whereas the others are not yet assembled, Quandrax will ship the available computers right away and then ship the remainder of the order when the rest of the computers are assembled.  Sometimes Quandrax combines computers from multiple sale orders into a single shipment.  For example, once a customer ordered 10 computers and the next day decided that wouldn’t be enough so he ordered 4 more.  Quandrax shipped all 14 computers in one shipment.  Quandrax only accepts checks for its sales of computers; customers can pay for multiple sales with a single check, but no partial payments are accepted.  Each sale transaction is tracked by a shipment ID; an invoice is sent to the customer that is due within 10 days, with no discounts allowed.  Quandrax does not allow any sale returns, i.e., all sales are final.  Cash receipts are never split between two cash accounts; rather each receipt is assigned to one of Quandrax’s cash accounts by one of Quandrax’s cashiers.  Quandrax also receives cash from other activities (e.g. loans), so the database must allow for that.   Suppliers, employees, and customers need to be entered into the database before any transactions involving them occur.
   The following attributes are of interest to Quandrax.  Some of them are related to the acquisition/payment cycle and are not needed for this homework assignment (but we will use this scenario again in chapter 10 and will need them then).  The attributes that are related to the sales/collection process must be included in your solution.  Do not add attributes to the list.  You may abbreviate the attributes using the abbreviations given in bold in parentheses next to the attributes in the list.  List any assumptions you make, along with your reasons behind your assumptions (i.e. state what you think is vague in the problem, say what you are going to assume in order to clear up the ambiguity and make a case for that assumption).  
	Purchase Order Number (PO#)
	Cash Receipt ID (CR-ID)

	Supplier ID (SuppID)
	Customer ID (Cust-ID)

	Employee ID (EmpID)
	Date of cash receipt (CR-Date)

	Purchase Order Date (PODate)
	Name of Customer (Cust-Name)

	Purchase Date (PurchDate)
	Total sale dollar amount (Sale-Amt)

	Location of cash account (Ca-Loc)
	Type of employee (EmpType)

	Cash Account Number (CashAcct#)
	Date of sale order (SO-Date)

	Name of supplier (SupName)
	Date of purchase return (PR-Date)

	Receiving Report Number (RR#)
	Dollar amount of cash receipt (CR-Amt)

	Computer Category ID code (Cat-ID)
	Current balance of cash account (AcctBal)

	Component ID code (CompoID)
	Shipping address for a customer (Cust-Ship)

	Cash Disbursement Date (CD-Date)
	Date of sale/shipment of computers (Ship-Date)

	Name of employee (EmpName)
	Description of a computer category (Cat-Desc)

	Purchase return ID (PR-ID)
	Computer component description (Comp-desc)

	Cash Disbursement Number (CD#)
	Total dollar amount of a cash disbursement (CD-Amt)

	Sale Order ID (SO-ID)
	Standard cost for a computer component (Std-Cost)

	Shipment ID (Ship-ID)
	Quantity of a computer component returned (Qty-Ret)

	Date of sales call (SC-Date)
	Type of supplier (i.e., wholesaler or individual) (SupType)

	Customer check number (CR-Chk#)
	Identification number for a finished computer (CompuID)

	Sales Call ID (SC-ID)
	

	Quantity of a computer component ordered on purchase order (Qty-Ord)

	Proposed selling price for a type of computer on a sales call (Prop-SP)

	Ordered cost for a computer component on a purchase order (PO-Unit-Cost)

	Suggested selling price for computers [hint: by category] (List-price)

	Date assembly was completed for a finished computer (Assemb-Date)

	Quoted selling price for each item on a sale order (Ord-SP)

	Actual selling price for a particular finished computer (Act-SP)

	Quantity of a computer component received on a purchase (Qty-Rec)

	Actual cost of a computer component on a particular purchase (Item-Unit-Cost)


Required:  

a.
Create a business process level REA model (in either grammar or diagram format) for Quandrax Computers’ sales/collection process.  Be sure to include all relevant entities, relationships, attributes, and participation cardinalities.  (If you completed applied learning problem 8-1 you may use the solution you already created for that problem).

b.
Create a business process level REA model (in either grammar or diagram format) for Quandrax Computers’ acquisition/payment process. Be sure to include all relevant entities, relationships, attributes, and participation cardinalities. (If you completed applied learning problem 9-1 you may use the solution you already created for that problem).

c.
Integrate the views created in steps (a) and (b) above into a single conceptual model.

d.
Convert the conceptual model into a logical set of relational database tables.

e.
Identify implementation compromises (if any) made at the conceptual and logical levels. 

a. See suggested solution for applied learning problem 8-1.

b. See suggested solution for applied learning problem 9-1.

c. Grammar format integrated conceptual model for Quandrax: 

Entity:

Cash

Attributes:
CashAcct#



Ca-Loc



AcctBal

Identifier:
CashAcct#

Entity:

Cash Disbursement

Attributes:
CD#



Date



CD-Amt

Identifier:
CD#

Entity:

Cash Receipt

Attributes:
CR-ID



Date



CR-Amt



CR-Chk#

Identifier:
CR-ID

Entity:

Cashier

Attributes:

Identifier:
Emp-ID

Entity:

Component Inventory 

Attributes:
Compo-ID



Description



Standard-cost

Identifier:
Cat-ID 

Entity:

Computer Category

Attributes:
Cat-ID



Cat-desc



List-price

Identifier:
Cat-ID 

Entity:

Customer 

Attributes:
CustID



Cust-Name



Cust-Ship

Identifier:
CustID

Entity:

Employee

Attributes:
EmpID



Emp-Name



Emp-Type

Identifier:
EmpID 

Entity:

Finished Computer

Attributes:
CompuID 



AssembDate



ActSP

Identifier:
CompuID

Entity:

Inventory Clerk

Attributes:


Identifier:
EmpID

Entity:

Manager

Attributes:

Identifier:
Emp-ID

Entity:

Purchase

Attributes:
RR#



Date

Identifier:
RR#

Entity:

Purchase Order

Attributes:
PO-ID



PO-Date

Identifier:
PO-ID

Entity:

Purchase Return

Attributes:
PR-ID



PR-Date

Identifier:
PR-ID

Entity:

Purchasing Agent

Attributes:

Identifier:
Emp-ID

Entity:

Sale/Shipment

Attributes:
ShipID



Ship-Date



Sale-Amt

Identifier:
ShipID

Entity:

Sale Order

Attributes:
SO-ID



SO-Date

Identifier:
SO-ID

Entity:

Sales Call

Attributes:
SC-ID



SC-Date

Identifier:
SC-ID

Entity:

Salesperson

Attributes:

Identifier:
Emp-ID

Entity:

Wholesaler

Attributes:
SupID



Name



Type

Identifier:
SupID

Relationship:

Assignment

Connected Entities:
(0,1) Customer

(0,N) Employee

Relationship:

Duality

Connected Entities:
(0,1) Sale/Shipment

(0,N) CashReceipt

Relationship:

Duality2

Connected Entities:
(0,1) Purchase

(0,N) Cash Disbursement

Relationship:

Fulfillment1

Connected Entities:
(0,N) Sale Order 

(0,1) Sales Call

Relationship:

Fulfillment2

Connected Entities:
(1,N) Sale 

(0,N) Sale Order

Relationship:

Fulfillment3

Connected Entities:
(0,1) Purchase Order

(1,N) Purchase

Relationship:

Generalization

Connected Entities:
Salesperson





Employee

Connected Entities:
Cashier





Employee

Connected Entities:
Purchasing Agent





Employee

Connected Entities:
Cashier





Employee

Connected Entities:
Manager





Employee

Connected Entities:
Inventory Clerk





Employee

Relationship:

Participation1

Connected Entities:
(1,1) Sales Call





(0,N) Customer

Relationship:

Participation2 
Connected Entities:
(1,1) Sales Call

(0,N) Employee

Relationship:

Participation3 

Connected Entities:
(1,1) Sale Order

(0,N) Employee

Relationship:

Participation4

Connected Entities:
(1,1) Sale Order

(0,N) Customer

Relationship:

Participation5

Connected Entities:
(1,1) Sale/Shipment

(0,N) Employee

Relationship:

Participation6

Connected Entities:
(1,1) Sale/Shipment

(0,N) Customer

Relationship:

Participation7

Connected Entities:
(0,1) Cash Receipt 

(0,N) Customer

Relationship:

Participation8

Connected Entities:
(1,1) Cash Receipt

(0,N) Employee

Relationship:

Participation9

Connected Entities:
(1,1) Purchase Order





(0,N) Purchasing Agent 

Relationship:

Participation10 
Connected Entities:
(0,1) Purchase Order 

(0,N) Manager

Relationship:

Participation11

Connected Entities:
(1,1) Purchase Order

(0,N) Wholesaler

Relationship:

Participation12

Connected Entities:
(1,1) Purchase

(0,N) Inventory Clerk

Relationship:

Participation13

Connected Entities:
(1,1) Purchase

(0,N) Wholesaler

Relationship:

Participation14

Connected Entities:
(0,1) Cash Disbursement

(0,N) Wholesaler

Relationship:

Participation15

Connected Entities:
(1,1) Cash Disbursement

(0,N) Cashier

Relationship:

Participation16

Connected Entities:
(1,1) Cash Disbursement

(0,N) Manager

Relationship:

Participation17

Connected Entities:
(1,1) Purchase Return

(0,N) Inventory Clerk

Relationship:

Participation18

Connected Entities:
(1,1) Purchase Return

     
(0,N) Wholesaler

Relationship:

Proposition

Connected Entities:
(1,N) Sales Call

(0,N) Computer Category

Attributes:

Prop-sp

Relationship:

Reservation

Connected Entities:
(1,N) Sale Order

(0,N) Computer Category

Attributes: 

Ord-sp

Relationship:

Reservation2

Connected Entities:
(1,N) Purchase Order

(0,N) Component Inventory

Attributes: 

Ord-unit-cost




Qty-ord

Relationship:

Reversal

Connected Entities:
(0,?) Purchase 

(1,1) Purchase Return

Relationship:

Stockflow1

Connected Entities:
(1,N) Sale

     
(0,1) Finished Computer

Relationship:

Stockflow2 

Connected Entities:
(1,N) Cash 

(1,1) Cash Receipt

Relationship:

Stockflow3

Connected Entities:
(1,N) Purchase

       



(0,N) Component Inventory

Attributes:

Item-unit-cost




Qty-rec

Relationship:

Stockflow4

Connected Entities:
(0,N) Cash 

(1,1) Cash Disbursement

Relationship:

Typification

Connected Entities:
(1,1) Finished Computer

    



 (0,N) Computer Category

Diagram Format integrated conceptual model for Quandrax

Note: Rather than re-drawing both diagrams into one merged diagram, it is acceptable to identify the common entities (cash, employee, and cashier in this example), verify that attributes on cash, employee, and cashier are same in both cycles, then remove attributes from cash, employee, and cashier and add slashes through the bottom right corner of those entities on the second diagram.  Re-label relationships on the second diagram so that all are unique across both diagrams, as follows:


d. Relational tables based on integrated conceptual model for Quandrax

Cash 

	Acct#
	Ca-Loc
	AcctBal


Cash Disbursement

	CD#
	Date
	CdAmt
	Csr-EmpID*
	Mgr-EmpID*
	Cash-Acct#*


Cash Receipt

	CR-ID
	Cr-Date
	Cr-amt
	Cr-Chk#
	Cust-ID*
	EmpID*
	Cash-Acct#*


Component Inventory

	Compo-ID
	Description
	Std Cost


Computer Category

	Cat-ID
	Cat-desc
	List-price


Customer

	Cust-ID
	Cust-name
	Cust-ship


Employee

	EmpID
	Emp-name
	Emp-type


Finished Computer

	CompuID
	Assemb-date
	Act-sp
	Cat-ID*
	Ship-ID*


Purchase

	RR#
	Date
	IC-EmpID*
	SupID*
	CD#*


Purchase Order

	PO-ID
	Date
	PA-EmpID*
	Sup-ID*
	RR#*


Purchase Return

	PR-ID
	Date
	IC-Emp#*
	RR#*
	SupID*


Sale/Shipment

	ShipID
	Sale-amt
	Sale-date
	EmpID*
	CustID*
	CR-ID*


Sales Call

	SC-ID
	SC-date
	EmpID*
	Cust-ID*


Sale Order

	SO-ID
	SO-date
	EmpID*
	CustID*


Wholesaler

	Sup-ID
	Name
	Type


Proposition

	SC-ID
	Cat-ID
	Prop-sp


Reservation

	SO-ID
	Cat-ID
	Order-sp


Reservation2

	PO-ID
	Compo-ID
	Ord-unit-cost
	Qty-ord


Fulfillment1

	SC-ID
	SO-ID


Fulfillment2

	SO-ID
	Ship-ID


Assignment

	Emp-ID
	Cust-ID


Stockflow3

	RR#
	Compo-ID
	Item-unit-cost
	Qty-rec


Stockflow5

	PR-ID
	Compo-ID


Participate10

	PO-ID
	Mgr-ID


Participate14

	CD#
	Sup-ID


e. Quandrax implementation compromises 

Specifically identified component inventory was excluded as an entity, probably because of inadequate measurement mechanisms.  Note the entity called Component Inventory is actually component inventory type, in which each instance represents a catalog number for a kind of inventory rather than representing the specific physical inventory item. This is a conceptual level compromise. 

Based on high load, several relationships in which entities have optional participation are represented with posted foreign keys instead of separate relationship tables.  These include Cash receipt-Participation7-Customer, Sale-Duality-CashReceipt, Purchase Order-Fulfillment3-Purchase, and Purchase-Duality2-Cash Disbursement. This is a logical level compromise.

Because we have not yet developed a physical implementation, no physical level compromises have been made.
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