Part 3 Introduction to Object Orientated Programming

Chapter 10 Object Orientated Programming Design
 

In this chapter, you will learn how to:

 

· Describe and explain the important elements of implementing effective class object reuse across different computer platforms. 

· Explain and demonstrate the logic modeling using Object Oriented programming techniques. 

· Demonstrate the design of logic and programming using Object Oriented Programming techniques. 

· Define UML and recognize logic modeling diagrams and their roles in modeling class object data and processes. 

· Define and recognize runtime exception errors and the handling of those errors. 

 

Designing Class Objects

 

 

This chapter wraps up our coverage of object oriented programming (OOP). We started our discussion of OOP with coverage of terms and topics. In that first chapter, we used classes in our programs that were already developed for us. In chapter nine, we begin to create a room classes and understand the importance of encapsulation, inheritance and polymorphism in implementing code reuse. In this chapter, we developed class objects in both pseudo code and PYTHON and called them from driver classes. We found the driver classes or very similar to the programs created earlier using structured programming techniques. It is my hope that in this point of our instruction on OOP that the “light bulb” has become brighter and that you are becoming more comfortable understanding basic object oriented concepts and techniques.

 

 

At this point in our discussion of OOP, we have then are modeling using pseudo code. Although pseudo code is always effective in creating logic steps that simulates program code, pseudo code has always been more effective for the programmer than for the user. The way that pseudo code has been used so far with objects has been to assume that all of the requirements have been identified completely and correctly with the help of the end user. To design an application from scratch, and going back to earlier chapters, you’ll remember that the requirements phase of SDLC is critical for the success of the application. On one hand it includes the end user who is always the best source of information on how the problem is defined but by also including the end user you can promote buy in which can be an important factor in the programs acceptance.

 

 

The best way to include the end user is in the collection of the requirements and the design of the solution is to have some process of graphically demonstrating what is currently being done and what the new program will do. With structured programming, this was accomplished with the help of a flowchart.

 

Related Subject: Systems Analysts - Management of the development process is typically done in large companies by a systems analyst. Systems analysts act as project managers to ensure that the phase of SDLC are managed and completed to meet both resource and budgetary constraints. Even though systems analysts are very prevalent in larger businesses most small businesses don’t have the luxury of such a position. At small businesses, the programmer assumes the responsibility of systems analyst. This is the reason that throughout the wiki we have spent many a page on understanding SDLC and applying programming processes/procedures and the formulation of program logic. The system analyst uses the same tools but also uses tools as programmers to expand the logic model at the program and project level. In a programming environment which used structured programming techniques, the systems analyst uses data flow diagrams to document processes and entity relationship diagrams to identify data elements. In the object oriented programming world, the systems analyst uses UML. Unified Modeling Language captures much of the same kind of logic detail returned by data flow diagrams and entity relationship diagrams. We cover the parts of UML most important for the programmer writing OOP programs.

 

 

Logic Tip: Data flow diagrams act like detailed forwards that show the flow of information through a process. An entity relationship diagram shows how the data is organized logically before it is placed in a database or text file. The data flow diagram helps the analysis plan for logic and the entity relationship diagram helps the programmer plan for database/file design.

 

It is important to return again to the question, why create logic models? Many chapters have passed since we last discussed the subject. Earlier in the wiki, I talked of the discipline and rigor that goes into becoming a professional programmer. I talked about a scenario where we were going to build a house. We could either bill that house from scratch or from a blueprint. If we built it from scratch we would be using unreliable and in precise approaches like how we think it should be built or maybe from a picture of a house. What we would end up with might be something that looked like a house but would follow none of the standards used by professional builders, plumbers and electricians. We would have a house that probably was not structurally secure and a house that would be difficult to repair since none of our building would have met the standards used by other builders.

 

 

The logic model provides a plan. Like a blueprint, our logic model will not be perfect and as we build the program we might find it necessary to deviate from the original blueprint. Since a blueprint is still a visualization of what something should look like, when we get to the work site and actually build that house, we may find that because of the environment surrounding the house that accommodations might have to be made that alter the original plans. This same flexibility is present in the logic models we create. The logic model is a visualization of what we think should happen. After developing and testing, we may find that our original logic was an error or that it might not be possible to implement the exact model because of the particularities of the programming language used.

 

Designing for Reuse across Computers

 

 

One point should be understood regarding object oriented programming is that just because a class file was designed that does not mean that the class file are reusable. For example, in some of the set methods that we developed in chapter nine, I included logic which tests if a numeric value was greater than zero. If it was not, the message was sent to the screen letting the user know that they had input invalid data. Is the input validation inside the mutator method that requires a error be displayed to a computer screen a good example of reusable code? The answer is no. What if I was using this class in an application which runs on a cell phone? Is the display on the cell phone the same size as the display on my PC? No, it is not and therefore what I should’ve done has left the actual presentation of the message inside the driver class and not in the class file. The class file should have registered the message and passed it to the driver class for display. A driver class could have been created for the cell phone and for the PC and they each could have handled the display of the message in a form appropriate for they platform the program was being executed from. We will demonstrate this later in the chapter when we talk about exception handling an object or did programming languages.

 


 

Figure 1: Building cross platform error messages

 

As this last example illustrates, the programmer who is writing reusable code needs to make sure that they understand the variety of computers which may be utilizing this class object. If you think about the class examples used in this wiki many of them would work just as well on a PDA, cell phone or some other device with an embedded computer and if we really are trying to avoid rewriting code over and over, why would we not want these classes to work on other devices. Make sure that you have taken consideration how input is received into your program and how put is displayed. These will be the two areas which will most likely cause problems on other devices.

 

 

Related Subject - User Interface Design - We’ve already discussed driver classes in the previous chapter. As we move past this chapter into event driven processing, you will more about graphical user interface design. One of the features unique to each computer platform is the alternatives it has for displaying information. A personal computer with a display monitor has far more output options in regards to color and size then a cell phone. As a result, if your class files are truly generic and not written to output to only one display, you should be able to use your driver classes to control the display in use a technique called exception handling (covered later in the chapter) to keep your shared class objects free of display statements. The class file will send the user interface driver class messages containing errors or problems and let that driver class user interface determine the best way to format the information to the user.

 

One other reminder in regards to code reuse is to remember that when developing classes whether they’re standalone classes or classes that will be inherited by other classes, look for data attributes and methods which will be generic. This is not to say that a method needs to work the same in all cases but make sure that methods are created in a way that they might be overloaded to accommodate different uses. Getting too specific in identifying class members or becoming two detailed with class member logic can limit reuse ability which defeats the purpose of developing class objects.

 

 

Programming Tip: Design class objects as generic as possible so as to maximize inheritance and abstraction.

 

Designing with Models

 

 

Our original models constitute what is called the conceptual design. Conceptual models are perfect world models which can include solutions which may ultimately be incorrect or impossible to implement. With conceptual models, we try to think outside the box and take from our end users their requirements unrestricted and unbiased from approaches used in existing systems.

 

 

Let me present a scenario of how the conceptual model might not become our actual program. Our original model might plan for processed data to be returned to the user in less than two seconds. We may find that the model we created when translated into program code returns data in less than five seconds. It is unlikely and counterproductive to remodel the entire program. What is more feasible and practical is that new program code would be inserted that would improve program performance even if it was different then a model. This code would represent a fix to the problem but would be a change from the original logic model. This is why when we create our conceptual design that we are more interested in a perfect solution than a solution which is technically and operationally perfect. We know that until the program has been created and tested that there is no way to create the perfect model on the first try. This takes practice and experience. Many of you may of have found that modeling can be a very unnatural and challenging activity. I will also tell you that with time modeling will become much more intuitive.

 

 

Logic Tip: Many times conceptual “best case” model of a system will develop the solution from scratch and not be biased towards the existing method of accomplishing a task. This new perspective can have benefits to the programs and the business in a variety of ways.

 

Next, we will introduce UML or unified modeling language. We have been talking about it for the last couple of chapters and now is the time to introduce this modeling tool as part of object oriented programming. One could have argued that UML should’ve been the very first topic covered as part of OOP. Technically it could have but as you’ll see when we cover it in this chapter, it is significantly different than the flowcharting that we have already learned and may have added additional confusion to an already complicated topic (OOP). Now that you’ve had some experience and exposure to class objects, I believe that UML be more straightforward and will only help to reinforce what you have already learned regarding object oriented programming.

 

 

UML - Unified modeling language represents a series of nine graphical models that represent the software artifacts found in a system. From UML diagrams, systems are programmed, integrated and deployed. Like any model, UML represents a conceptual view of a process. In short, UML creates a picture of how something is done with graphics easy enough to communicate to the non-technical end user.

 

Status Check
Why is taking cross platform class design important to code reuse?
What do we say that conceptual models let us think outside the box?
 

Introduction to UML

 

 

UML represents the collaborative effort of three individuals. Grady Booch, James Rumbaugh and Ivar Jacobson in the nineteen eighties and nineties were all developing methodologies for object oriented design. Even though they each or developing their own set of models they also found themselves collaborating with each other. All three were united at Rational Software Corporation now a subsidiary of IBM Corporation. The first release of UML (version 1.0) was adopted by the Object Management Group (OMG), an independent standards body, and released in 1997. OMG version 1.5 is being discussed in this wiki and version 2.0 is currently undergoing comment in preparation for adoption.

 

 

There are many web sites with offer free resource and learning materials on UML. A couple of sites I would start with are:

 

· www.uml.org - Maintained by the Object Management Group (OMG). 

· http://www-306.ibm.com/software/rational/ - Maintained by IBM Corporation 

 

 

 

It is important to understand that UML represents a methodology that includes diagrams to support the entire development lifecycle. This far exceeds the scope of diagramming we have seen in the wiki so far (i.e. flowcharts). The closest UML diagram to what we know is a flowchart is an activity diagram. However, there are also elements of UML sequence diagrams and statechart diagrams which can be represented within our flowcharts. Since this is not a wiki on object oriented analysis and design, we will not cover all of the diagrams included in UML.

 

Why Learn UML?

 

 

UML is a tool used by systems analysts to develop object oriented programming applications. If it is a tool for systems analysts, why is UML covered in this wiki? As mentioned in a previous paragraph, there are parts of UML which worked very well in helping us create class files and class file logic. We have a restated how important models are in creating a plan for program logic. We will learn the UML diagrams which are most likely to show up in an entry level programming class textbook or as part of the programming specifications for a new or existing program.

UML Goals (from OMG UML 1.5 Specification

 

The OMG Specification document defines UML and is the primary resource for those working with UML. The specification also identifies the benefits of UML and the design goals.

 

· Provide users with a ready-to-use, expressive visual modeling language to develop and exchange meaningful models. 

· Furnish extensibility and specialization mechanisms to extend the core concepts. 

· Support specifications that are independent of particular programming languages and development processes. 

· Provide a formal basis for understanding the modeling language. 

· Encourage the growth of the object tools market. 

· Support higher-level development concepts such as components, collaborations, frameworks and patterns. 

· Integrate best practices. 

 

Logic Tip: As of this writing the OMG UML standard is at 1.5 with 2.0 announced. You can find more information on OMG specifications on the OMG web site.

 

UML Conceptual Design

 

 

For this wiki, our conceptual design will include three different UML diagrams. We will learn the UML Use Case, Class and Activity diagrams. The Use Case Diagram is a very effective tool in documenting program scope and the business processes involved. It is especially valuable for including the end user in the requirements process since it is one of the simplest UML diagrams to use and it typically documents program processes at a high level.

 

Class diagrams document all class members and there scope. It also documents the relationship between different classes.

 

Activity diagrams allow us to document the logic in individual processes. It is the closest UML model to the flowchart and you will see a number of similarities. In activity diagrams, we diagram something close to close at the module level.

 

 

Logic Tip: As it is the case with all logic models, one of their functions is to help the programmer plan out the application before the programming statements are added in the other is to give the end user of view of the system in the planning stage so their input can be included in the design.

 

Programming Physical Design

 

 

We know that conceptual design includes the definition of logic models. What about programming? If it is not conceptual design than what is it? Programming is included in the physical design. Included in physical design is also the building of the files and databases necessary to complete and test the application. Physical design represents reality. Whereas the conceptual design represents a perfect world and the ideal solution, the physical design represents the completed work that has implemented the solution based on the constraints of program statements and there ability to implement logic.

 

UML Diagrams Described

 

 

UML is not a static process but is dynamically and continually changing based on new technology and recommendations from programmers and systems analysts. Recently, the UML 2.0 has been introduced with changes and enhancements to UML (more information on the different versions and modifications can be found on www.omg.org or www.ibm.com/rational). The UML diagrams of version 1.5 define the behavior, structure and interaction of the models and the software artifacts then define. The list of diagrams currently included as part of UML 1.5 is as follows:

 

Structural Diagrams:

 

· Use case Diagrams - Use Case diagrams use systems actors and their relationships to determine the functions and features (also called use cases) of a system. In simple terms, use case diagrams are used to identify what things a system needs to do (i.e. accept payments, look up customer information) to meet the end users requirements. This is one of the more useful UML diagrams and is very beneficial for defining system requirements. We will cover this model in the wiki. 

 

· Class Diagrams - Class diagrams are structural models that document the systems classes and the relationships between those classes. Class diagrams document class members (i.e. instance variables, methods and events). With each member a + (public), - (private) and # (protected) symbol is used to identify the scope of the member. Class diagrams are important UML diagrams for programmers to understand. We will cover this model in the wiki. 

 

 

Programming Tip: The UML Class diagram is frequently found in programming textbooks. It is used to document class objects and there members.

 

Behavior Diagrams:

 

· Statechart Diagrams - A statechart helps to document the states the object supports and events that may trigger state transitions. The states represent activities like starting, a pause, turning off, ending, adding, updating, deleting, etc.). For example, the class object may have different methods/events that perform tasks based on a state the program is in. The object may have one state before the purchase of a product and be in a different state with a different method after the sale. We will not cover statechart in this wiki. Statechart diagrams are also called state diagrams. 

 

· Activity Diagrams - Activity diagrams come very close to data flow diagrams and flowcharts in their ability to detail program logic. You can use this diagram in the beginning of the requirements process to isolate details on use case diagrams or more traditionally at the end of modeling just before programming will take effect. Activity charts are frequently used to document the logic for modules and methods. We will look at activity charts in this chapter. 

 

Interaction Diagrams:

 

· Sequence Diagrams - Sequence diagrams shows the order of messages sent between objects and the methods they will be activating. Sequence diagrams can be very useful in identifying class methods and identifying the timing element We will not cover at sequence diagrams in this wiki. 

 

· Collaboration Diagrams - Collaboration diagrams describe the sequence or interaction sequence between objects. Using numbers to document the order, collaboration diagrams layout the order of class object communication. Working much like a connect the numbers, collaboration diagrams use an outline like numbering sequence to identify the order of tasks and sub tasks (via class objects). 

 

Implementation diagrams:

 

· Component Diagrams - The component diagram show dependencies that exist between software and other system resources (i.e. databases, web services, etc.). This diagram is useful in planning for program implementation. We will not cover component diagrams in this wiki. 

 

· Deployment Diagrams - The deployment diagram is also used to document system dependencies for a physical or hardware perspective. This is also a diagram that we will not cover in the wiki. 

 

UML is a tool used by a number of people within the information systems organization. We will focus on those diagrams that will be most important to the programmer.

 

Which UML Diagram to Start With?

 

 

There are mixed theories as to which of the UML diagrams you should start with. If the project is a system that is being developed from scratch and much of the requirements will need to be acquired from the end users, then one approach might be to start with use case, state or activity diagrams which focus on logic and business rules. If the project is an application where logic is reasonably straightforward but where many new class files will need to be constructed, then the approach might be to start with class diagrams. Finally, there’s also an option where you as the programmer are more the recipient of the UML files then the designer of the model. Many times, in large corporations, the systems analyst takes care of the diagramming of user requirements. From the UML diagrams, program specifications will come. As the programmer, you will need to implement the diagram into a program with a programming language.

 

 

From my perspective, I prefer to start with the use case diagram to give me a high level picture of the problem to be solved or the requirements to be implemented. From there, we move next to either a sequence diagram or a class diagram. This will allow me to give some structure to my solution but not yet focusing only on details. It’s been my experience that you want to approach your users first with high level requirements and include them in the foundation of what you’re designing. Once this foundation has been generally agreed on, I like to finish my work with the user in UML models with an activity diagram. This approach is not totally different than what can be accomplished with flowcharts and pseudo code.

 

 

As the models are reviewed and refined, details begin to emerge that become the programming statements that will ultimately serve as the solution. This drill down approach of generalized requirements to specific details is just one approach that can be used with models. Most importantly, it makes no difference whether it’s UML or structured programming models, you first must create a model and then refine the model to the point where specific logic can be reviewed by both the user and the programmer to ensure that the final solution in fact meets the desired requirements.

 

 

Status Check
Can you identify the purpose of a use case and class diagram?
Which of the UML diagrams is closest to our flow chart?
 

Background Information: UML Diagramming Tools - Software or Pencil and Eraser - Like most programming tools, UML diagramming can be supported by a variety of software tools. You can use some old favorites like Microsoft Visio or take advantage of some free open source products like Poseidon (a product of Gentleware Inc). But as always with these tools, there is a tradeoff. To get the formal and professional looking diagrams you’ll need to learn how to use the software products. These products typically are more than just tools for UML diagramming and also include use of extensive databases that facilitate the checking of diagram errors and the creation of source code. It is these functions that can make the products difficult to use. Even with their attempts to include wizards and drag and drop interfaces, you will still be able to build diagrams faster with a pencil, eraser and paper. Depending on the extent of your reliance in the functions and features offered by the software programs, you have to decide which approach is best for you. At this stage of your programming training, you have many concepts to learn so your time might be best spent understanding the icons and techniques of creating the UML diagrams and leaving the UML graphics software for a later date. In this wiki, I have chosen to use UML modeling software to create my UML diagrams but it may be better for new users to focus on the diagram with a pencil and piece of paper. It has also been my experience the UML diagramming software works best if the user has the time to learn and practice the software. If you are only occasionally creating UML diagrams, pencil and paper is probably best.

 

 

Using the UML Class Diagram

 

The UML Class diagram has multiple uses but is probably most useful in the very beginning and the very end of systems design. At the very beginning, a class diagram allows you to organize class members based on requirements analysis (i.e. use case actors frequently become class objects). A class diagram developed early in the modeling process can help you organize your thoughts as you move through more detailed UML diagrams.

 

Class diagrams also have a role at the end of the design process and just before we begin detail design. Class diagrams represent an excellent source of program specification logic for the programmer who has to implement the class file within a programming language. From a Class diagram, all instance and shared variables and methods are easily identified along with the scope of these variables. The bodies of the methods are not defined in the class diagram but the all important method headers are.

 

Icon - the class symbol

 

The class diagram includes many class icons. The class icon is essentially a box with three sections. The top section contains the class name, the middle section contains the attributes with there scope symbol (+, - #). In the lower section, the methods are identified with the method header and scope modifier. The class diagram also had a variety of line connector and arrow points each identifying a different relationship or function.

 

Attributes

 

 

The attributes of a class diagram represent the instance variables and shared class variables. Attributes are named to describe what they define and based on operators are identified as being either private (with a “-“ ), public (with a “+”), protected (with a “#”) or shared (with + and the attribute name underlined). Attributes appear in the second section of the class diagram below the class name.

 

Operations

 

 

The operations are the methods and events defined within the class file. The operations include a scope modifier (scope modifiers are also +, -, #), a list of input parameters (if applicable) and a list of outputs returned (also if applicable). Operations appear in a box below attributes at the bottom of the class icon.

 

Relationships

 

Inheritance

 

 

Inheritance is represented the class diagram by connecting two classes with an open arrow which points towards the parent class. Inheritance is also known as generalization in a UML class diagram. This relationship is referred to as a “is a” relationship (i.e. employee is a person). Inheritance has been covered in previous chapters and quite often is described as a parent child relationship (i.e., Book class would be the parent of the magazine, soft cover book class and hard cover book class since all are a child versions of Book).

 

Aggregation

 

 

Aggregation represents a whole part relationship where a class or classes are owned by another class. For example, an Automotive Dealership class might be made up of aggregate classes such car dealership, a truck dealership and a motorcycle dealership). Aggregate relationship are often defined as “has a” relationships’ (i.e. An Automotive dealership has a car dealership, a truck dealership and motorcycle dealership). The aggregation icon is an arrow with an open diamond at the end of the line that touches the whole class (.i.e. auto dealership).

 

Association and Multiplicity

 

 

An association is a straight line connecting two classes that have a relationship with another. Multiplicity documents how many objects can participate in the association (i.e. one to one, one to many, many to many). For example, there is an association relationship between the Customer and Book Order. This relationship can also be identified by the number of participating objects from the perspective of each object. A Customer may have many Book Orders but each book order has only one customer. This would be represented in the diagram with the number one printed where the association line connects to the Customer (representing one order per customer) and the letter n printed where the association line connects to the book order object (representing each Customer may have many Book Orders).

 

 

association - A generic relationship between two classes that also documents multiplicity that indicates the number of objects that participate in the relationship (i.e. one to one, zero to many, one to many, etc.).

 

Below, I have drawn a class diagram to represent inheritance, association, and multiplicity along with class icon syntax documenting class members of the Customer, StoreCustomer, ~On-LineCustomer and ~E-Books objects.
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Figure 2: Class Icons Diagram

 

Using the UML Use Case Diagrams

 

Use case diagrams generally consist of three different icons. One icon is called the actor and represents persons or systems which interact with the system. It is from the actor’s perspective that use cases are developed. Each use case represents a function or business process that the system must provide. (i.e. Select a book, purchase a book, returning book, etc.). Use case diagrams are conceptual and are typically the first iteration done in a very high level with little detail or specifics. It is not unusual for the first use case diagram to be a context diagram which identifies only the major components. As interviews with the user and reflection upon the diagram take place, use case diagrams become more specific where other use cases are identified and associated with a parent use case. Many developers will take these specific use case diagrams and expand on the logic further with activity diagrams or initial design of class diagrams.

 

 

Logic Tip: Use cases are frequently business processes of the organization.
 

Actor - Actors are users or systems (i.e. accounting system, inventory system, etc.) that interface or use a system function (or use case).

 

Use Case - Use cases represent a feature of function required by a systems actor.

 

Use case diagrams can be designed to show a drill down picture of how system functions can be broken up into additional functions or subsystems. For example, a use case might define a purchase of a product. At its highest level, this is a valid use case. However, a purchase is more complicated than that and may actually include some functions or sub use case models which identify the components of that transaction (i.e. input of customer data, verify product is in inventory, contact the credit card company to validate payment).

 

 

The use case diagram is a critical tool used for requirements definition and represents an excellent way of defining scope and isolating the functions that a system needs to support. We all have heard of nightmare scenarios where a company has spent millions of dollars on a new system all lead to find that system does nothing like what requestors actually wanted. A well thought out and complete use case model provides for an excellent insurance policy that the programs created are what was requested.

 

 

Use case models are also the easy to communicate to the end user and therefore are an excellent means for including that user in the design process. Everyone likes to be included in the act of including them and making them part of the design process improves the chances of their buy in and support later on.

 

Use Case Icons (Actors, Use Cases and System)

 

 

The use case is represented by and oval on its side that includes text inside to describe the use case. Actors can be people or things that interact with each other through use cases. An actor can also be an accounting system or inventories system. An actor is represented as a stick figure that has a head, arms and legs. Around use case icons is typically a rectangle which documents what is included with the system. When the rectangle closes actors and use cases, they all belong to a system. Lines are used to connect the actors to use cases in UML use cases to other use cases. A solid line is used to represent an association or a dash line is used to represent a relationship (i.e. includes and extends) between use cases.
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Figure 3: The Actor, Use Case and System Icons

 

<> and <> attributes

 

Use case diagrams also take advantage of some techniques that we have seen in the development of class files. Use cases can support associations. Included within the diagram maybe the printed text <> or extends. <> which indicates that the use case has a sub function or sub case which is used in one or more use cases. For example, a use case involved with invalidation, perhaps to accept or reject a credit card transaction. That use case may have to be executed on purchases and on credit when merchandize is returned. The <> keyword indicates that I have extended a use case with additional function not found in the base use case. This is similar to a parent child class. The child class has more detail than the parent. 

 

 

<> and <> Attributes - <> and <> are sub use cases and represent shared use case function, in the case of the <> attribute or add additional function to a base use case in a new use case identified with the <> attribute

 

Activity Diagram

 

Activity diagrams are used to represent business rule logic. Like many of the UML diagrams, activity diagrams can be used in a high level or a very detailed level. At a high level they can be used to help clarify use case diagrams and at a low level they can represent the last stage of modeling before programming. The diagramming icons and techniques for activity diagrams are very similar to the flowchart.

 

Activity Icons

 

 

Each activity diagram stars with a solid point which identifies the starting point. What follows is an activity icon, decision point icons, transactions splits and finally concluding with an endpoint icon. Between each icon is a solid line with an arrow indicating the flow of the logic. Activities are labeled with terms to describe the business rule or process. The diamond symbol identifies the decision point with a split labeled to identify the two decision options (much like the diamond symbol in a flowchart). Transactions puts are drawn as parallel lines across the diagram to indicate that one of more processes can be processed in parallel (or at the same time).
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Figure 4: Activity Icons

 

Here we have an activity diagram documenting the logic present in an earlier case study.

 

 

Logic Tip: Activity diagrams take the business processes identified in use cases and further define those processes in terms of business rules.

 

UML Diagrams - A Sample Project

 

 

Before we start the sample project, it is important again put in perspective the fact that UML usually works best for the design a new systems. Starting with the use case diagrams that help spell out requirements and then moving towards activity diagrams and class diagrams to identify details, the UML diagrams in this example project will identify the logic model just prior to logic pseudo code. This is not to say that UML can not be used for detail design but that it’s outside of the scope of this wiki and would not have the time to investigate UML to the level of detail necessary to create source code.

 

Since UML modeling spans not only program design but also requirements analysis, I have chosen not to go back and create UML diagrams from previous pseudo-code used in other examples. One of the important aspects of using a methodology like UML is that the solution should not creep into the requirements, especially a previously designed solution. You should also use your UML models with the end users of the program to make sure requirements are defined correctly. It is important not to rush to specifications when fact finding a requirement. For this reason, we will use a business that we’re familiar with, Cactus Books and Tapes, but not the ecommerce site application we have been using in our case studies..

 

In this business scenario, Cactus Books and Tapes are looking at the development of a program that will download from a store kiosk audio books formatted in an MP3 file format. MP3 players are becoming more common with customers who use these small devices store music and audio books. Selling and renting books on tape has always been an important product for Cactus Books and Tapes and it’s only logical extension for the store to now offer MP3 files to be downloaded to these portable compact devices. To minimize the cost and provide the best value for its customers, the Chavez sisters have decided that a PC Kiosk located in the audio book section of the store, could easily be used to download MP3 files from the audio tape inventory in the store.

 

Collecting Requirements

 

 

There are many ways to start systems designed with UML. An approach that I have found to be effective is to start with use case diagrams to define requirements. Defining requirements are important raw material necessary to designing a system that meets the end users requirements. With use case diagrams as out starting point, our first activity in the requirements analysis is to identify the actors interfacing with this system. In interviewing the Chavez sisters, the initial actors identified have been the customer, the bank which processes the payment and the accounts receivable system which keeps track of the sale.

 

 

Once we have established the actors which I will shorten the actor names to customer, bank, accounting. We then need to look at each actor to identify which use cases when applied to them. Each use case is an identified function that the new system must possess. At this step In the process of developing our use case diagram, I would want to only identify the highest level functions of the system and avoid trying to formulate details until they use cases can be discussed with the end users. I do not want to buy its might use case with my perception of how the system should work. Although that may have experience with this type of system, it’s important that I let the process developed naturally so that the creativity is not lost through any personal bias.

 

 

For our cactus of books and tapes application, we have identified the use cases as follows:

 

· Search for audio book 

· Browse for audio book 

· Add audio book purchase to shopping cart 

· Check out shopping cart 

· Download audio book 

 

This list of use cases would represent our context level view of the new system. These would be the major features and functions of what we want to develop. What's missing at this point is the details and as we refine and revisit the requirements with the end user, we will begin to extract a more detailed view of what needs to be developed if the system is to be successful.
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Figure 5: Top Level Use Case Diagram

 

Refining and Revisiting our Model

 

From our high level context use case diagram, we now need a analyze it to identify sub-tasks or more use cases. This is not unlike modularization that we covered in it earlier chapter where we took our programs and tried to pull from them some functions that would stand by themselves. There’s no rule as to how many use case icons and actors must be involved in creating requirements analysis except that there must be enough ☺. Obviously, as the diagram becomes more detailed, so does the possibility of the use case diagram becoming confusing and difficult to read. It is wiser to break up the diagram over several sheets of paper repeating actors when necessary to make sure that all use cases are identified with plenty of room in the diagram to space out other use cases if needed.

 

At some point, and this point is one that is discovered more by experience, we move from requirements and begin to see a design taking shape. There are several schools of thought as to the next step. Some developers will argue that this point class objects begin to appear based on data requirements or data manipulation defined within the use cases. Other developers will say that state and sequence diagrams provide necessary guidance as to how use cases integrate with each other. In the case of this wiki, our next step is to focus on activity diagrams. Activity diagrams represent the unbundling of a particular use case into a series of modules. Modules like we have discussed them in the past that represent individual clearly distinguishable sub-tasks.
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Figure 6: Detailed Use Case Diagrams

 

Design with UML

 

Activity diagrams have many similarities to some of the steps defined earlier in the wikik when we discussed modularization and the construction of flowcharts. An activity diagram will start by focusing on one of the use cases. This use case will represent one of the systems functions. We will take this one function and break it down into a series of tasks. Each of the tasks will exist as an activity and at the top and bottom of the list we will use an open and close circle (or dot) to indicate the start in the end of the activity diagram. As we moved from activity to activity, we place special attention to determine if a decision is involved and whether or not that activity is included or excluded from the function we are defining. For example, if a customer becomes uncomfortable with the audio book purchase and has concerns about whether to continue, then they may decide to exit the system or continue on with their purchase. These options all identify alternatives which must be integrated into program logic. The activity diagram allows us to identify decision points (with a diamond symbol). Our activity diagram will also allow us the ability to identify activities which can happen in parallel and activities which much act in sequence (or are dependent on other activities).

 

For the Cactus Books and Tapes case study, we will isolate on the use case identified as cart checkout. Cart checkout involves taking those items selected by the Customer, adding the total cost of the transaction along with sending that transaction to the credit card company for processing.

 

The activities that we’ve identified as part of the car checkout process are as follows:

 

· Verify cart has items purchased 

· Total all cart items 

· Calculate discounts 

· Calculate state tax 

· Calculate purchased total 

· Post transaction with credit card company 

· Post transaction with accounts receivable 

· Print paper receipt 

 

 

The following activity diagram takes those activities include the appropriate position points that will further define program design logic.
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Figure 7: Activity Diagram

 

Preparing for Programming

 

 

We have saved the best for last. Although UML has nine diagrams to model a system, we have condenses the process to just three diagrams. They use case diagram was used to give the application structure and define the scope of what needed to be included within other UML models. This was done from the perspective of the people who are using the system or interfacing with it. We next isolated the features identified by the actors in detail and divided them into sub-tasks which roughly serve as the equivalent modules/methods. The last part of the process requires us to look at both of these sets of diagrams to identify what we think the class objects of this system will be. Again, we are working with conceptual models that have yet to be turned into logic and programming statements. It is very possible that the models we develop may look different than the finished program code. Even with the differences, the fundamental logic of the UML models will carry over to our program logic and even though the logic may not be exactly the same it will be very close.

 

I like to start my class diagram by investigating the actors. Actors represent “things” in our model. We know from our definitions of class objects that classes are also supposed to represent “things”. We need to look at the activity diagrams to isolate areas where data needs to be stored or manipulated as part of the programming logic. If the data can be grouped in associated with a “thing”, we have the start of our class object. Once the class object data has been identified we can now look through our activity diagram to isolate those methods that can be associated with the class object. Again, we need to return to our definition of class objects and understand if they contain members of both data (called attributes) and modules (called methods). For the purposes of brevity we have had to condense this example and simplify both the application and the detail in the models. In the model, I show four classes in this same application along with the relationships (3 with association and 1 with aggregation) but in I am sure with more analysis there would be more.

 

[image: image7.png]CBTPayment

StoreNumber - SAGUE)
transDate : sting(d)

payment() - double(idl)





 

Figure 8: Class Diagram Example

 

Runtime Processing - Exceptions

 

 

We’ve already discussed that there are three errors that typically occur when programming applications. The first type of error is a syntax error and is associated with programming statements that cannot be converted to machine code by the compiler or executed by the interpreter. Another type of error is logic errors. Logic errors are statements which compile and execute correctly but in fact have some logical error within the statement that causes the program to come up with the incorrect answer or not execute the correct option. The last type of error is a runtime exception. A runtime exception happens when the program takes a valid statement that has been processed by the compiler and tries to execute it. During execution, something within the statement is an error so that the operating system is unable to complete the instruction. Sometimes these types of errors occur because a program input. For example, if you have a statement which accepts input to divide into another number an the number input is a zero, the statement will cause a runtime error because the computer cannot divide by zero.

 

 

Run-time errors in most of contemporary program languages are called exceptions. Most programming languages have several common system exceptions already defined (i.e. divide by zero and array subscript out of range). If the programmer wishes to recover from a runtime error without having to restart the program, then they can process these runtime errors with control statements that allow the person using the program to make the necessary changes to conitnue to operate the program. For example, if we go back to the example I just discussed regarding divide by zero. As the programmer, you need to anticipate exceptions. Divide by zero is a system exception that could potentially happen when the user inputs a zero for the divisor. Your program could loop until the input is successful (i.e. no zero). If the input caused a runtime error, and your program identified the possibility of that exception, you could process the exception by allowing the user to key in a new valid value. This way the program completes and does not abort with a run-time error.

 

Run-time error - runtime errors occur when the program runs into a statement that it cannot execute causing the program to abort. This is typically caused by the input into the program by value which is inconsistent with its logic. Common types of runtime errors are dividing by zero in trying to access a subscript that does not exist.

 

Exception processing is implemented in most languages with try/catch processing. This involves the creation of a try block followed with one or more catch blocks. The try block identifies those statements which will be evaluated for potential exceptions. If an exception occurs on one of the statements included within the try block, it is said that an exception has been thrown. The thrown exception is then sent back to the try block to see if any subsequent catch blocks are associated with the exception thrown. If a catch block is associated with that type of exception, then the code inside the exception block handles the exception and processing continues. In other words, if the programmer anticipates a runtime error, he can isolate the error producing code with a try block and create a specific catch block to handle the processing of the runtime error (the display of an error message and a path of code to allow the user to recover from the error).

 

 

What this means for the programmer is that they must anticipate what the potential runtime errors that might be returned from the statements that have been just executed. If the statement is a calculation or a variable is used is used as the divisor, this would be an excellent candidate to have a catch block to trapping the exception thrown on a divide by zero exception. Once a catch block has matched the exception and processed its logic, the other catch blocks are ignored.

 

 

An exception can only be processed by one catch block. In some programming languages, there is a special catch block which acts like a wildcard catch block. For this type of catch block, it can catch any exception thrown. Quite often it exists as the last catch block to catch any unresolved exceptions. It will usually print a message letting the user know that the program has ended with an unknown error. Usually, the message will let the use know to contact the programmer know that the program aborted and that there is at least one more exception that needs a specific catch block assigned to it.

 

try block - the try block starts with a try keyword identifies statements that will be evaluated for run-time exceptions. The try block exists before the one or more corresponding catch blocks.

catch block - the catch block provides runtime exception handling. There’s typically one catch block For average type of protected exception that part of the program may throw. Catch blocks are coded just after the try block it is handling exceptions for.

 

Programming Tip - Catch blocks are like methods in that they consist of a block of code statements. 

Related Subject: Some typical runtime exceptions - Divide by zero is probably the most common runtime exceptions thrown by the operating system or virtual runtime environment (i.e. Java virtual machine or Microsoft Common Language Runtime). There are others that frequently occur and potential problems you should prepare for in your logic. Two in particular are very common. If your program contains arrays, it’s a common programming mistake in not taken account the fact that most arrays start with element zero. If your program accepts input in uses this value to help determine the element it’s possible that you might go one beyond the last element in the array. If this happens, an array subscript out of bounds exception is thrown. A good rule of thumb is that if your program contains arrays chances are you’ll want to do try catch processing looking for the out of bounds exception on an invalid object.

 

If your program is going to have to open text files or databases, you’ll want to make sure that you do try catch processing on the file open statement. If the file has been moved or if the user did not locate the correct file, an exception will be thrown of that file needed by the program is not found. Given that most programs allow the users to select files, This is also another likely place for tri catch exception handling.

 

Each programming language has a slightly different way of handling these exceptions but PYTHON is very similar to how Visual Basic.Net and Java handle exceptions. Below the sample PYTHON program creates a ZeroDivideError and handles it in a catch exception.

 

 

Related Subject: OOP - Not a spectator Sport - As we finish up our final chapter on object oriented programming, many of you may still feel like you have a lot to learn. That light bulb event that we had talked about earlier may not have happened quite yet. The important thing to remember is that OOP is not a spectator sport. To understand how this programming technique works, you must spend the time creating models implementing programs and returning to the book and other resources to continue to clarify and understand the principles behind class objects. I assure you, that with practice, you too will have that light bulb event when everything comes together. It will all of the sudden come together and you will wonder how you missed it the first time.

 

Cactus Case Study

 

 

You have noticed in previous case study programs that on occasion there have been runtime exceptions thrown. Runtime errors are first of all embarrassing for the programmer (i.e. you should have found it before the user did) and secondly bad for the program. With a runtime error left unhandled, the program will abort and return back to the operating system. This means that any input already keyed to the application by the end user will be lost and they’ll have to not only restart the program but also put the data back into that program. As the programmer, you want to examine your code and identify areas in your program code that potentially could cause a runtime error. If the runtime error is identified, it’s a relatively easy matter to create the appropriate code to allow the user to receive an error message indicating the problem and also a prompt or input box to correct the error so that the program can continue uninterrupted.

 

We will examine the program used in a previous chapter on array processing to try to isolate those programming statements which would be good candidates for try/catch processing.

 

In this previous program, we use two parallel arrays (itemCost and itemCode) to look up the wholesale cost of a book from its itemCode. A runtime could occur it you try it access an element outside of the array. In the example for this case study, the arrays are unbalanced and not parallel. When the last element of one array points to the last element of the parallel array, that element is missing and because of this, the program tries to access a subscript out of range.

 

Case Study Tasks:

 

· Review the following program for areas which could potentially return a runtime exception. In the program code create additional logic to report the error message and allow the user to resume the program without interruption. Both pseudo-code and PYTHON will be presented in this example but only the PYTHON code will be modified for the exception handling. 

 

Original Pseudo Code for WholeSaleCost module

 

wholeSaleCost()

searchVar = 0

foundValue = 0

itemCodeArray[“1001”, “09921”, “23”, “13123”, “5544”]

itemCostArray[23.50, 4.90, 15.25, .90, 4.90]

Input itemCode
        for searchVar = 0 to 5


if itemCodeArray[searchVar] = itemCode then



foundValue equals itemCostArray[searchVar]

return foundValue
return

- In this part of the program, you see the for loop that performs the linear search.
 

If the search is successful and the value we are searching for is contained within one of the elements, the value is stored in a variable called foundValue and then returned back to the program for printing.

 

Putting It to Use

 

 

The intent of this section is to introduce the new programmer to standards and techniques frequently used by professional programmers. Topics in this section relate to concepts introduced in the chapter but with a more vocational or occupational focus for students considering a career in programming.

 

Chapter Review

 

 

Chapter summary, highlights, key terms, short answer questions, quizzes and case studies to reinforce topics covered in this chapter.

 

Chapter Summary

 

After finishing this chapter you should understand and in some cases, demonstrate the following topics:

· Describe and explain the important elements of implementing effective class object reuse across different computer platforms. 

· The programmer writing reusable code needs to make sure that they create class file that will work with a variety of computer platforms (i.e. PC desktop, PDA, Cell Phones, etc.) without modification 

· Try/Catch block processing with custom exceptions provide a methods for implementing class file reusability by separating the user interface from the class file. 

· Explain and demonstrate the logic modeling using Object Oriented programming techniques. 

· Like programs developed using structured programming techniques, Object oriented programming that use models provide more effective and efficient solutions. 

· Conceptual models provide an excellent way of including the user in the development of requirements by allowing a “best case” model to be developed. 

· Physical modeling involves talking conceptual models and implementing them as programs. 

· Demonstrate the design of logic and programming using Object Oriented Programming techniques. 

· Programmers developing for code reuse with object oriented programming languages like Unified Modeling Language model and document class objects before implementing as program code. 

· Define UML and recognize logic modeling diagrams and their roles in modeling class object data and processes. 

· Use case diagrams help us identify business processes from the eyes of the users or the system actors. 

· Activity diagrams help use identify programming modules and methods. 

· Class diagrams provide the specifications to build program class objects 

· There are a total of none diagrams included with UML version 1.5. They diagrams allow you to model the program development and deployment process. 

· Define and recognize runtime exception errors and the handling of those errors. 

 

Chapter Key Terms

 

Actor

Association

Attributes

Catch Blocks

Conceptual Design

Exception

Extends

Includes

Inheritance / Generalization

Multiplicity

Operations

Physical Design

Runtime Errors

Try Block

UML

Use Cases

 

 

