Metamodeling Exercises 

1. Wikipedia provides the following description of the Unified Modeling Language (UML) state diagrams: 


“The following are the basic notational elements that can be used to make up a diagram:

· Filled circle, pointing to the initial state. 

· Hollow circle containing a smaller filled circle, indicating the final state (if any). 

· Rounded rectangle, denoting a state. Top of the rectangle contains a name of the state. Can contain a horizontal line in the middle, below which the activities that are done in that state are indicated. 

· Arrow, denoting transition. The name of the event (if any) causing this transition labels the arrow body. A guard expression may be added before a "/" and enclosed in square-brackets ( eventName[guardExpression] ), denoting that this expression must be true for the transition to take place. If an action is performed during this transition, it is added to the label following a "/" (eventName[guardExpression]/action ). 

· Thick horizontal line with either x>1 lines entering and 1 line leaving or 1 line entering and x>1 lines leaving. These denote join/fork, respectively. “


Make a metamodel for UML state diagrams according to this description. Are there details in this description that cannot be captured in your metamodel? If there are multiple details not captured, indicate only two of them.

2. Wikipedia provides the following description of the flowcharts: 
“A typical flowchart from older Computer Science textbooks may have the following kinds of symbols:

Start and end symbols Represented as lozenges, ovals or rounded rectangles, usually containing the word "Start" or "End", or another phrase signaling the start or end of a process, such as "submit enquiry" or "receive product".

Arrows Showing what's called "flow of control" in computer science. An arrow coming from one symbol and ending at another symbol represents that control passes to the symbol the arrow points to.

Processing steps Represented as rectangles. Examples: "Add 1 to X"; "replace identified part"; "save changes" or similar.

Input/Output Represented as a parallelogram. Examples: Get X from the user; display X.

Conditional or decision Represented as a diamond (rhombus). These typically contain a Yes/No question or True/False test. This symbol is unique in that it has two arrows coming out of it, usually from the bottom point and right point, one corresponding to Yes or True, and one corresponding to No or False. The arrows should always be labeled. More than two arrows can be used, but this is normally a clear indicator that a complex decision is being taken, in which case it may need to be broken-down further, or replaced with the "pre-defined process" symbol.”
Make a metamodel flowchats according to this description. Are there details in this description that cannot be captured in your metamodel? If there are multiple details not captured, indicate only two of them.
3. Read the following description of  Entity-Relationship Model based on the Wikipedia’s description: 
In software engineering, an Entity-Relationship Model (ERM) is an abstract and conceptual representation of data. There are a number of conventions for entity-relationship diagrams (ERDs). The classical notation mainly relates to conceptual modeling. The main building blocks are entities, relationships, and attributes.
a. Entity sets are drawn as rectangles, relationship sets as diamonds. If an entity set participates in a relationship set, they are connected with a line.

b. Attributes are drawn as ovals and are connected with a line to exactly one entity or relationship set.

c. Cardinality constraints are expressed as follows:

i. a double line between a relationship set and an entity set indicates a participation constraint, i.e. totality or surjectivity: all entities in the entity set must participate in at least one relationship in the relationship set; 

ii. a line with an arrow from an entity set to a relationship set indicates a key constraint, i.e. injectivity: each entity of the entity set can participate in at most one relationship in the relationship set; 

iii. a thick line indicates both, i.e. bijectivity: each entity in the entity set is involved in exactly one relationship.

d. An underlined name of an attribute of an entity indicates that it is a key. 

· Make a metamodel of  the Entity-Relationship Model according to this description. 

· List the imprecisions and ambiguities in the description (in case there are any) and explain which interpretation you gave to them in your metamodel.

· List the constraints given in the description that you could not capture in your metamodel (if there are any).
4. Read the following description of  UML Use Case diagrams based on the Wikipedia’s description: 
“The use case diagram shows the position or context of the use case among other use cases. As an organizing mechanism, a set of consistent, coherent use cases promotes a useful picture of system behavior, a common understanding between the customer/owner/user and the development team. Use cases are represented by ovals and the actors are represented by stick figures. Multiple actors participate in some of the use cases. In such cases, the label on the association between the actor and the use case throws some light on the actor's contribution to the use case. The box defines the boundaries of the system. 

Use cases. A use case describes a sequence of actions that provide something of measurable value to an actor and is drawn as a horizontal ellipse.
Actors. An actor is a person, organization, or external system that plays a role in one or more interactions with your system. Actors are drawn as stick figures.
Associations. Associations between actors and use cases are indicated in use case diagrams by solid lines. An association exists whenever an actor is involved with an interaction described by a use case. Associations are modeled as lines connecting use cases and actors to one another, with an optional arrowhead on one end of the line. The arrowhead is often used to indicating the direction of the initial invocation of the relationship or to indicate the primary actor within the use case. 
System boundary boxes (optional). You can draw a rectangle around the use cases, called the system boundary box, to indicate the scope of your system. Anything within the box represents functionality that is in scope and anything outside the box is not. Packages. Packages are UML constructs that enable you to organize model elements (such as use cases) into groups. Packages are depicted as file folders and can be used on any of the UML diagrams, including both use case diagrams and class diagrams.”

· Make a metamodel of  the UML Use Case diagrams according to this description. 

· List the imprecisions and ambiguities in the description (in case there are any) and explain which interpretation you gave to them in your metamodel.

· List the constraints given in the description that you could not capture in your metamodel (if there are any).

