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TOP DOWN DATA ANALYSIS


The Conceptual Data Model





Computer systems are extremely complicated and cannot be developed without careful planning.  The first step is generally to build a model of the information system based on the general objectives and goals it must meet.  This is called top down modeling.  The components of any system include data, processing and communications.  It is important to be able to analize the structure of a new system before building it to avoid expensive revisions.  The basic modeling techniques generally involve identifying fundamental objects, specifying how they are structured and defining the relationships among them.  The most common methodologies are:





Entity-Relationship Model





		A logical representation of the data of an organization or business area in graphical form.





Data-Flow Model





		A logical representation of the processes and data transformation of a system or organization in graphical form.





Communications Model


A representation of the location at which data is stored and processed and the communications links that connect them.


�
	THE ENTITY RELATIONSHIP MODEL





ENTITY RELATIONSHIP DIAGRAM:


	A graphical representation of the data for an organization or a business area.





ENTITY:  	A person, place, object, event, or concept about which the organization wishes to maintain data.





Must need to store data


Must have at least two attributes


Must have at least two records





ATTRIBUTE:	A description or property of a given entity type.





Must depend on the entity key alone


Must contain information that we explicitly need


Must describe all entity occurrences





RELATIONSHIP:	A connection between entity instances in different entities.





Must specify what record connects with what record


Must not describe processing








LOGICAL AND PHYSICAL COMPONENTS 	OF THE E-R MODEL IN RELATIONAL DATABASES


	


LOGICAL�
PHYSICAL (Relational DBMS)�
�
Entity Type�
Table (File)�
�
Entity Instance�
Row (Record)�
�
Relationship Type�
Foreign Key or Link File�
�
Relationship Instance�
Set of related rows in different tables	�
�
Attribute�
Column (Field)�
�
Key Attribute�
Atribute(s) whose values uniquely identify a row�
�
�
	Attribute						Field (Column)�
�



�
	THE ENTITY-RELATIONSHIP MODEL


	ENTITY TYPES (CLASSES)





ENTITY TYPES  are classes of people, objects or concepts about which we wish to store data.  They will become files in a new computer system.  We require that entity instances be unique:  the collection of attribute values for a given instance defines the instance uniquely.  Entity instances will become rows or records in new files.





Entities are normally described by NOUNS and ADJECTIVES 


Entities do not change anything.


Entity occurrences are records, entity types are files.


Potential entities that have only one attribute are usually modeled as attributes of another entity.


Potential entities that have only one record are usually modeled as a set of parameters and not as files.


It is important to include only files (entity types) that are needed by a system.  Extra entities require maintenance and space that can add considerably to the cost of a system.





BUILDING E-R MODELS:  An Entity Type (Class) is something about which the organization wishes to maintain data.  Typical steps required to convert a text destription into an E-R model are:





1.	Review the conceptual description of the business area for nouns that describe the system.  Review each one to determine whether it corresponds to an identifiable unit or corresponds to a property of some other unit.  The identifiable unit nouns are probably entity types.  Except that:





2.	Each entity type should have more than one potential instance.  The organization itself is not normally an entity type;  its properties are usually parameters not attributes.





3.	Each entity type should have more than one attribute.  Single attribute entity types are usually treated as attributes of another entity type unless they are an important list.





4.	Each entity type should be relevant.  Do not create an entity type that is not relevant.


�
BUILDING E-R MODELS


PREMIERE PRODUCTS EXAMPLE





EXAMPLE:	The Premier Products Company is a wholesale hardware company that provides products to customers.  Each customer is served by a salesman who processes orders.  The salesmen is paid from commissions earned on each customer order.  





	A customer places an order by calling the company and contacting the salesman.  The salesman records the  ordering person, products and quantity ordered. 





Nouns�
Entity Type�
Reason not Used�
�
Premier Products Company�
No�
One occurrence�
�
Product�
Yes�
�
�
Customer�
Yes�
�
�
Salesman�
Yes�
�
�
Order�
Yes�
�
�
Commission�
No�
Property of Salesman�
�
Ordering Person�
No�
Name is only attribute�
�
Quantity Ordered�
No�
Property of order and product�
�



	DEVELOPING E-R MODELS


	ATTRIBUTES (Keys)





Attributes are properties that describe features of entity types.  Attributes are usually nouns that describe properties of entity instances (like address for a customer).  Attributes become fields in a database.





	Candidate keys (superkeys) are attributes, or combinations of attributes that uniquely identify entity instances.  An entire record is a candidate key since instances should be unique.  A key is a minimal superkey that can have no fewer attributes and still uniquely identify entity instances.





	A primary key is a superkey that is chosen as a permanent identifier or label for the entity instances.  A primary key should uniquely identify each instance.  A primary key for an entity is one of the candidate keys that is easy to use and maintain.  If no set of natural attributes makes a good primary key, then an identifier field may be generated for the entity type.





Names are normally poor primary keys.  They have multiple valid representations.  Keys are normally alphanumeric (character).  Floating point numbers are not unique. 





1.	Should not change values over the life of the instance.


2.	Should not have null values for any instance.


3.	Should not be "intelligent keys".  These are keys that also describe properties of the entity.  


4.	Should not be large composite keys.


�
	ENTITY RELATIONSHIP MODELING 





TYPES OF ATTRIBUTES:





Composite or Simple (atomic)





Single valued or Multivalued (repeating group)


	Relational database models cannot represent multivalued attributes but objects and structured databases can.  Repeating groups (sets of related multivalued attributes) usually represent entities or subclasses.





E-R MODEL:  Repeating attributes can be indicated on an E-R graph by using a double line around the bubble.  There is no notation to indicate the group connection.





COMPUTER CODE:  Repeating groups are stored differently in structured models (hierarchical or network) than in relational models.  In relational models they generate a new table with a foreign or concatenated key to record the relationships.  In structureed databases they are attached with pointers.





Stored vs Derived  Derived values cause data consistency problems and are not normally included in a database.  They would be added only for critical efficiency reasons.





Not null vs nulls allowed  Null values represent inapplicable, applicable but not known, and applicable but not present values.  Primary keys cannot have null values.





PREMIERE PRODUCTS EXAMPLE:  	MULTIVALUED ATTRIBUTES AND REPEATING GROUPS





The Premier Products Company is a wholesale hardware company that provides products to customers.  Each customer is served by a salesman who processes orders.  The salesmen is paid from commissions earned on each customer order.  A customer places an order by calling the company and contacting the salesman.  The salesman records the  ordering person, products and quantity ordered.  





The order consists of Customer data, Salesman data and a list of products, price, and quantity for the products that the customer wants delivered.  The attributes  {PRODUCT, PRICE, QUANTITY}  constitute a repeating group.





ORDER		PRODUCT		PRICE	QUANTITY


5103			IRON			17.95	11


			SKILLET		19.95 	 6





5110			TOASTER		57.95	 4


			IRON		17.95	 3





Each instance of an order has several order lines.  Order lines {Description, Price, Quantity} are examples of repeating groups.


�
	ENTITY RELATIONSHIP MODELING


RELATIONSHIP CARDINALITY





A RELATIONSHIP is a connection between the records of two or more entities.  It does not describe processing and does not change any data.  Relationship names should be passive (ordered by) even though the name may imply a direction that is not accurate.





CARDINALITY	Refers to the number of records that a relationship connects to a given child record in a relationship.  The combinations are





				1:1		One to One		ÄÄÄÄÄÄÄÄÄÄ


				1:M		One to Many		ÄÄÄÄÄÄÄÄÄ<


				M:N		Many to Many		>ÄÄÄÄÄÄÄÄ<





Cardinality is important because different cardinality combinations are built with different file structures.





1:1		Usually represented by combining entities into a single file.  Exceptions occur when the design relationship is a special case of a more complex relationship.  





1:M	Usually represented by a foreign key in the many file.  No new entity types are needed.





M:N	Usually represented by a new link file with foreign keys from both files.  A link file is a new file used to connect two other files.  These are retained in a relational model.  They are generated as part of the structure of network models.  Simple networks require that link files be formally included in the database design.  Complex networks maintain them within the DBMS structure unless they contain additional data.





	ENTITY RELATIONSHIP MODELING


	RELATIONSHIPS


	PREMIERE PRODUCTS EXAMPLE





EXAMPLE:	In the Premiere Products company





	Each sales representative is connected to one or more customers.  The relationship could be described as 





		'SALES REP' SERVES 'CUSTOMER'  or


		'CUSTOMER' IS SERVED BY 'SALES REP'





	Each customer is connected to one or more products through orders.  This relationship could be described as





		'CUSTOMER' ORDERS 'PRODUCTS'  or


		'PRODUCT' IS ORDERED BY 'CUSTOMER' 





�
	ENTITY RELATIONSHIP MODELING:  RELATIONSHIPS


PARTICIPATION





OPTIONAL RELATIONSHIPS:


	Optional relationships are the most common.


		Optional:1				O|


		Optional:Many			O<





MANDATORY RELATIONSHIPS:


	The determination of mandatory or optional relationships must be determined for the time that data is first entered.  


		Mandatory:1				||


		Mandatory:Many			|<





	Ongoing participation rules can be





	FIXED		Relationship cannot be changed without deleting both parent and child records.





	MANDATORY	Relationship can be changed, but must exist.





	OPTIONAL	Relationship must exist on entry but can be disconnected.





A soccer PLAYER must play on a TEAM, but the team may not be known when the player registers.  A mandatory relationship is not appropriate in this case.





WEAK ENTITY:  an entity in which a record cannot exist unless a corresponding record exists in another (parent) entity.





EXAMPLE:	COURSE -<Has>- SECTION	


		SECTION is a weak entity.





	RELATIONSHIPS - DEGREE





THE DEGREE OF A RELATIONSHIP is the number of entities connected by the relationship:





	UNARY	an entity is connected to itself (recursive)





EXAMPLE:	EMPLOYEE -<Supervises>- EMPLOYEE





	BINARY	two entities are connected





EXAMPLE:	SALES REP -<Serves>- CUSTOMER





	TERNARY	three or more entities are connected





EXAMPLE:	{TEACHER, STUDENT, COURSE}-<Delivers Instruction>





�



	ENTITY RELATIONSHIP MODELING


	GERUNDS





A GERUND:  is a many-to-many relationship that is modeled as an entity type with several associated 1:M relationships.





		PATIENT			DOCTOR


				<Performed>


				TREATMENT





File structure:





	PERFORMED(PATIENT_ID, DOCTOR_ID, TREATMENT_NUM, DATE)





When all three binary relationships are 1:M then there is no difference between an entity (gerund) and a M:N relationship.  If one of the relationships is 1:1, however, it cannot be represented equally as an entity.





Suppose a given patient must take all his treatments at a single location (e.g. HMO office).  This restriction would not be maintained by a gerund.





	PATIENT			TREATMENT


		<Administered at>


			LOCATION
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	ENTITY RELATIONSHIP MODELING


	TIME DEPENDENT DATA





TIME STAMP:  time associated with a particular piece of data.





Adding a time stamp to the key of data records is often sufficient.  In some cases, however, it becomes necessary to create a data history file.  Managing time dependent data is a particular problem in client server models for end user purposes.  Time dependent data is not well supported by a relational model.








	ENTITY RELATIONSHIP MODELING


	GENERALIZATION (SUBTYPES AND SUPERTYPES)





SUB-CLASS:  A set of attributes that describe some 		occurrences of an entity, but not all.





SUPER-CLASS:  An entity type that contains attributes shared by several different entity classes.





Sub-classes are created when different groups of records have some common and some different sets of attributes.  Keeping all the attributes in a single file would generate a very large number of null entries.  Typically sub- classes do not have complete keys (weak entities).  A relational model generates a key for a sub-class by concatenating the key for the parent with the sub-class key.  In some cases an indicator variable is added to the parent to determine which sub-class applies.





	


�
	ENTITY RELATIONSHIP MODELING


	BUSINESS RULES





o	Entity Integrity:	Non-null identifier





Entity integrity is usually enforced by the DBMS by defining the key attribute as unique and not null.





o	Referential integrity:	Foreign keys refer to existing entity occurrences





Referential integrity is basically a table look-up function.  Maintenance issues arise when the parent record is to be changed or deleted.





o	Domains:	Values of attributes take on valid values





This usually refers to single attribute checks for range, data type or table lookup.





o	Triggering operations:	Other rules that protect data validity





These are calculations that are made when some triggering activity occurs such as an update, insert or delete.





1.	User rule:  formula for the business rule enforced by the system.


2.	Event:  operation that initiates the operation or check.


3.	Entity Name:	Entity being accessed or modified.


4.	Condition:  circumstance that causes the operation to occur.


5.	Action:  action that must occur.





EXAMPLE:  Customer account may not exceed Credit Limit.





o	Stored procedures:  	Complex calculations that must be run against the data.
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