Part 4 Introduction to Object Orientated Programming

Chapter 12 Graphical User Interface Programming Fundamentals
 
 

In this chapter, you will learn how to:

 

· Explain fundamental concepts of event driven programming environments that use graphical controls and events to process logic 

· Differentiate between event driven programming via a graphical user interface and sequential processing environments. 

· Demonstrate the graphical user interface design fundaments. 

· Summarize the various types of graphical menus and recognize when each should be used in a program. 

· Describe and differentiate the various forms of program help and documentation. 

· Describe performance, maintenance and testing concepts used when developing event driven graphical programs. 

 

Introduction to Event Handling with Graphical Controls

 

 

I might be accused of saving the best for last. I prefer to think of it as a reward for the effort you’ve spent learning the fundamentals of programming. Chapter twelve represents our last chapter of new information. In this chapter, we will discuss the development of programs that have a graphical user interface. Although the bulk of processing is still done using structured programming techniques, GUI programs represent the state of the art in program designed and are the programs most preferred by users. I speak of the programs that we use with Microsoft Windows, Apple OS 10 and Linux. We will use graphical controls (i.e. command buttons, text boxes, label boxes list boxes, menus, etc.), along with event driven processing techniques, to create applications which are not only graphical but also are real time and interactive. This chapter is a continuation of topics discussed in chapter eleven but this time with a graphical interface instead of a text interface.

 

 

Graphical User Interface - a graphical user interface allows the user to process inputs and control the program graphically via screen graphics along with pointing devices and the keyboard. The most well known graphical user interface is the Desktop that comes with Microsoft Windows but graphical interfaces are not exclusive to operating systems and can be designed for any program.

Graphical Controls - Graphical controls are screen graphics that facilitate the inputting, processing and outputting of data. A command button graphical control signals to the program that processing must be executed; a textbox is a graphical control allows the user to key data into a box draw on the window; a label box control allows the programmer to output text to the program window.

 

 

 

 

Background Information: Your first programming language - If we reflect back to chapter one, one of the goals of this wiki and the approach it uses is to encourage new programmers to model their applications first and then code the applications once the models have been tested and proven out. You may find that in your first programming class, especially if it is Visual ~Basic.NET or Java, you will focus on developing the interface for your user. The Integrated Development Environment (IDE) available for developing graphical programs is sophisticated, graphical and almost video game like in the interactivity used to create the GUI user interface. Unfortunately, the problem with this type of approach to programming is that the rigor, discipline and standards found include logic quite often is overlooked in the speed (enthusiasm) in which the IDE allows the programmer to create a program. The program may not be a good program. The program may not be of high quality or very reusable but nonetheless a program can be created rather quickly without a lot of discipline in regards to logic and good program design. In some respects, this chapter has been left to the end of the wikik so that the emphasis on design is not lost in the impatience to create those first programs. A quality graphical program will need to take in consideration many of the concepts (i.e. logic modeling and program design) covered in earlier chapters.

As the sidebar above suggests, the graphical user interface is an extremely important component of today’s applications but rather than introducing this topic first, as it is with many programming classes, I have left it at the end to highlight the fact that without good logic and program designed the program is simply a multimedia slide show. These programs although appearing to be sophisticated are in reality of poor quality and because of this, little value to the user or the organization.

 

 

This is perhaps my last opportunity to make the case for modeling and good program design. It’s fundamental to this wiki and it is fundamental and being a successful programmer. Reflect back on one of the earliest analogies made regarding the rigor of programming. I said that any of us could probably build a house out of wood, cement and wire and glass. This house may look like a house (roof, windows, rooms and etc.) when we are complete but it lack the standards found in homes built by architects and professional builders. Our house is still a house just like a program is still a program but as I have just noted, not all houses are the same and not all programs are the same. To be a professional in any occupation is important to learn the standards and techniques used by professionals in that field. Once again we will start with modeling and moved to programming. Once again, we will stress the rigor and standards found in high quality, highly reliable and highly performing programs.

 

 

Key Topic - The quality of the program (logic and design) is always more important than the multimedia or graphics standing in front of the logic.

 

The Graphical User Interface (GUI)

 

 

All GUI programs must first start with the most basic graphical element. This element is the main window and acts like a container holding the various graphical objects necessary to control our program. Different programming languages have different names for this initial window. Visual Basic will call it a form and Java will call it a frame. What is fundamental to all these languages is that this main window is the container which allows us to build our graphical user interface.

 

 

Main Window - The main window is the start up window associated with the application. Other windows may be subsequently called after the program starts. The main window like all graphical windows holds graphical controls and provides an interface for the user.

Form / Frame - Many languages refer to windows created with the application as Forms or Frames. Forms and frames, like program windows, act as containers for graphical controls.

Programming Tip: When developing a graphical program, a main window will need to be programmed as a start up to the application.

 


 

Figure 1: Screenshot Graphical Interface with Main Window

 

 

Related Subject: The Window Expanded - Having said that each graphical application has a main window, I must also make you aware of the fact that most programming languages have further specialized types of windows. For example, to create the desired graphical appearance, many languages will allow you to create a window within a window or what is also known as a panel (some languages will allow for further specialization and have a special control called a group box which contains a collection of radio buttons). The main window acts as a container of graphical elements and panels and each panel that can also act as a container of graphical controls. Beyond that, many languages have preconfigured special types of windows, such as dialog boxes, that may also be implemented by the programming language. This increased specialization of a window objects is to make life simpler for the programmer as they strive to create a graphical environment which is the most useful and productive for the end user.

 

Graphical Controls Explained

 

 

As users of Microsoft Windows or the Apple OS 10 operating system, you are already familiar with many of the graphical controls available in GUI programs. A graphical control is a graphical image placed on a program window to facilitate the entry of inputs, the control of the programming and the display of output. The graphic may be as simple as a rectangle and as complex as a pull down list of values.

 

Graphical controls are implemented as class files (see related subject sidebar article). Because they are class files, they contain properties, methods and events. Properties allow the programmer to set the data elements of the class object which determine the personality of the control. For example, when creating a command button control you can specify the text label on the button by setting the text property, the size of the button by setting the size property, and the background and foreground color of the button by setting those class properties.

 

Methods are modules associated with actions the controls possess. Some controls, the text box for example, possess methods which facilitate activities on the control. For example, many languages have a clear method associated with the text box control. Since a text box holds editable data, a clear method is useful for moving all text in the control with a single command. A method is called in program code.

 

Each control has its own specialized function but many of the GUI controls share a similar methods and properties but also have methods and properties which are unique. The clear method which is useful for text boxes holds little value for command buttons so therefore a clear method is not available with the command button class.

 

Properties - Properties are class instance variables that hold data settings (or characteristics) of graphical controls. For example, command buttons have a property to set the label on the command button along with properties to set the color, fonts and size of the buttons. Each control will have its own set of properties. Refer to the programming reference for specific properties.

Methods - Methods are procedures associated with class files. Methods allow for modules or blocks of logic to be connected to controls and when executed will provide special services for that graphical control.

Events - Events are methods that are associated with input actions such as mouse clicks or keyboard key input. Just like methods and properties, each control will have its own set of events.

Programming Tip: Many programming languages support the same types of GUI controls. But even though all languages support a control like a command button, in each language implements the classes differently and so therefore it’s advisable to locate the programmer’s reference for specific information.

Key Concept: When working with class files, the data elements of that class can be referred to by various names. You’ll see class member data referred to as attributes, data members and properties. The most common reference when working with data elements of a graphical control class is class properties.

Related Subject: Controls are Class Files with Properties and Methods - A little flash back here to an earlier chapter on class files. When programming languages make a standard set of graphical controls available to the programmer, these graphical controls are actually class files. These classes contain properties and methods just like the classes we had discussed in earlier chapters. The class properties hold the attributes or data elements of the control. For example, a command button is labeled with text to identify the function of the command button. This text on the button represents a property of the class file. The TextBox might contain a method which allows the programmer to quickly clear the text box contents. No matter the button control or the programming language graphic controls represent class files of reusable code. If we go back to those earlier chapters on classes, certainly the toolbox and its controls represents an excellent example of the benefits of code reuse. The alternative to code reuse would be a scenario where every programmer would have to create all of the code necessary to implement a command button that visually appeared in our programs application window. In addition, each would have to coded with it all of the properties and events necessary for it to work in this graphical event driven environment. I say bravo to code reuse! Why reinvent the wheel if what you need has already been created.

 

 

 

Most of the languages which support graphical user interface programming also have programming IDE’s that contain window editors. These window editors allow you to graphically positioned controls from the graphical controls toolbox. During design time, the programmer will have available in interface a properties window editor that will allow the programmer to select a control and set its properties.
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Figure 2: Visual Studio Control Toolbox and Properties Editor Window

 

It is also possible with programming statements to accomplish the same setting of properties but instead at run time. This is especially important for some properties like the text property. The text property for a label box might be initially set as empty during design time but as the program completes its logic, that text property may be set via a programming statement to contain a data from a variable that was derived during program execution.

 

 

Design time - Design time is that time in the development process when the programming is coding the program logic in the IDE. It is common to set the initial properties of graphical controls during design time via a Properties Editor Window. Properties set at design time represent the default values.

 

Run Time - Run time is the time the program is executing. Properties can be set at run time die to program logic. For example, you might have a menu option to set the background color of the window. Your selection at run time can be used to change the color during program execution on the fly.

 

Graphical controls are connected with various events to facilitate executing program logic. The event processing and event handling in a GUI program is very similar processing with a text interface described in the previous chapter. The difference between a text interface and a graphical interface is that with graphical interfaces the programming language typically identifies events commonly associated with the graphical operating system environments. For example, the command button, along with other graphical controls, is borrowed from class files included with the operating systems. What controls are available to a programming language is a function of what controls are supported by the operating system.

 

Common Graphical Controls Identified

 

 

This list below is designed to represent graphic controls commonly found in most languages that support graphical interface programming. The list is not extensive and also does not take in consideration third party controls which are developed by independent companies not associated with a programming language or operating system.
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Figure 3: Graphical Controls on Main Window

 

· Command button control -The command button control is designed to trigger events that execute functions within the program. Most programs display an OK or CANCEL the command button to continue or terminate a function of the program. 

· Text box control - The text box control is designed to allow the end user to enter or edit character text. The text box control can display single or multiple lines of information. Most of the time, the textboxes used for program input. 

· Label control - The label control positions text on the window. This text is not editable and is used to label various controls on the main window or to display logic output from the program. 

· Option button control - The option button is also known as a radio button and is presented on the interface as a small circle that is either filled (true) or unfilled (false). Option buttons are useful for designating program parameters which are mutually exclusive. For example, you would use option buttons to represent gender (male / female) because only one of those options could be true at one time. 

· Check box control - The check box control is similar to the option button control except that it is not mutually exclusive. This means that a group of check boxes are all independent of each other and therefore all could be checked (true) or unchecked (false) or any combination of true and false. 

· Group box control - A group box control serves two purposes. A group box can be used to graphically place a box around a group of controls to isolate them on the window and show that their associated with one another. A group box can also be used to hold a series of option buttons. With a group box, you could have several sets of option buttons on a window. Without a group box only one set of option buttons could be used since that one set is associated with the window as its container. 

· List box control - A list box control is a rectangle that optionally contains horizontal and vertical scroll bars depending on the number and size of the items stored within the list. A list box is useful when only certain values are valid and typing them into a text box would require additional validation. 

· Combo box control - A combo box control is a specialization of the list box. It also displays a list of items but has the distinction of being collapsible. Combo boxes normally take up one line of text but can be optionally expanded by clicking the down pointing arrow to the right of the combo box text. Combo boxes are popular because they take up less space on the window then a list box. 

· Dialog box control - The dialog box control allows the programmer to invoke a new window on top of the main window which can either collect input or display output to the user. Dialog boxes could be created by the programmer as new windows but are included in most programming languages as a productivity aid since dialog boxes typically are numerous and most graphical applications. 

· Drop down menus control - Drop down menus fall from the taskbar and allow the programmer to provide a menu to interface into program functions. Each menu item maps to an event that’s has associated event handling programming statements. The menu item works much like a command button. 

· Context menus control - Context menus form the same function as a drop down menu except that rather than being attached to the title bar of the window they instead float within the window and are activated with a right button mouse click. Context menus typically have fewer menu options than pull down menus and like drop down menus have associated events to call event handling routines for each menu option. 

· Picture/image box control - Given the graphical nature of our interface is only natural to want to display pictures, graphics and images. The picture box works with images like a label box works with text. The picture box allows us to output images. 

 

Some controls missing from this list are the status bar control, the toolbar control, the tab dialog box control, the slider control, and the timer control. Many programming languages also file and database provide support via a control or component. In Visual Studio, the drop down menu control is added to a window as a component. The component facilitates a menu designer wizard that allows for the visual design of menus.

 

 

Component - A component is a class file that represents some logic function connected with the application but may not be represented on the screen as a graphical control. Components also exist with graphical controls in the toolbox. Components can have their properties and methods called from the program just like graphical controls.

 

Logic Tip: When writing pseudo-code for graphical programs, you will almost always have pseudo-code associated with processing activities which are usually performed by buttons or menu options.

Programming Tip: A control is said to be in focus when it is highlighted in the application because the user has navigated to that control with either the tab key or a mouse click.

 

With GUI programming, graphical controls can represent the inputs, processing and output of our application. As with all systems, controls rely on systems theory concepts which say that programs except inputs and process that inputs into something which is processed and then is outputted. In a GUI program, text boxes, combo boxes and a list boxes act as inputs. Command buttons, toolbar icons and drop down menu buttons initiate processing while label boxes, text boxes, list boxes and combo boxes can act as outputs. Some controls like the command button have a single purpose (execution of program logic) whereas a text box or combo box might be used for input or output.

 

 

Background Information: The Tool Box - Although they will look familiar, we need to as programmers now focus on the best to control to use each under which situation. For example, a label box control in a text box control will both display character information in a graphical program. However, the label box is a non-editable Control that is useful for displaying taxed but not changing text. A text box allows the user to changing values within it. In other words a text box allows and it’s. If we are accepting values in two text boxes that will be added together and displayed to the screen, I were two text boxes would work fine for the two values to be added in a label box would work best for the displayed calculation. The label box is most appropriate for the display to answer since a calculated value is the result of inputs and therefore should not the user to believe that that calculated value can be edited. Conversely, a label box is a non Ana bowl in by definition can not accept input. The label box could never work to accept and input into the calculation. This is one example of many issues which must be resolved in designing an effective interface. Throughout this chapter we will address these issues and propose guidelines for the appropriate use of graphical controls.
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Figure 4: Visual Studio Toolbox

 

 

Status Check
List some controls you have used in programs and identify if they are used for input, processing or output?
What is meant when we say out programs borrow the controls from the operating system?
What is the significance of the main window?
 

Graphical Events Explained

 

 

The events associated with graphical controls are both specific and common across most programming languages. They are specific and that events usually are associated with controls that provide the processing component of the application (i.e. command buttons are used to execute processing). In other words, these execution controls will take existing inputs and process that input would logic into an output. Command buttons are perhaps the most common graphical control used for triggering or firing events. If you surveyed all of the languages that supported applications with graphical user interfaces, you would find that they all probably contained something which appeared like a command button. The command button has an event which was triggered by clicking on the command button or hitting enter while that command button is in focus. In addition, you would also find other events commonly associated with command buttons. Not only will a single click fire a specific event but also a double click or a right click on a control. A single-click is different then the double-click is different then a right-click. All can have events associated with them. Every control has multiple events associated with the control or component. The programming reference will identify each. Therefore, it’s possible for a command button to do something different if it’s a single clicked versus if it’s double clicked.

 

 

Related Subject: Intellisense - Help is on the way! - Microsoft Corporation developed Intellisense for its Visual Studio IDE but it has been cloned by many IDE’s. Intellisense is a wonderful tool for programming controls and components. As soon as the control name has been specified and terminated with a dot to identify the class member, a box of valid class members (properties, methods, events) is displayed. You can select with the mouse the member you want to program. This save a lot of time and keeps you from spending a lot of time in the programming language reference documentation. 
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Figure 5: Intellisense Sheet Shot

 

 

Single and Double Click: One of the common event triggers is the click event. For most controls there is both a single and double click event. A signal click is a single click of the left mouse button and a double click event is two quick clicks of the left mouse button.

 

It is important to remember there are more controls than just command buttons. You’ll find that reading the programming language documentation will produce a wealth of documentation on each controls properties, methods and events.

 

Below I have listed a table of events available for a list box, the label box and a command button in the Visual ~Basic.NET environment. Some events will be similar and some unique to the control.

 

Note: the table below represents a partial list of command button events

Command Button

 

Click Event- control clicked event fired when left mouse button is clicked over button

 

Drag Drop Event - Event is fired when control dragged with left mouse and dropped on another control

 

MouseHover Event - Mouse cursor over top of control

 

Resize Event- Control is fired with control is resized with mouse
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Figure 6: Screen Shot of Drop Down list of Command Button Events

 

Graphical Events versus Traditional Programming Logic

 

 

The most significant difference between graphical user interface programming and traditional programming is the addition of the graphical user interface. Whereas with traditional programs we typically have created are logic model and then translated the module logic into programming statements, graphical user interface programming contains an additional step. Just as in the previous chapter we needed to create a text interface to allow the user to control our program, a graphical user interface also has to be created for a program written to run graphically. This requires us to first model are graphical interface via storyboards and then using those storyboards create with graphical editors the screens with controls added and properties set. Most programming languages that support graphical programmings also contain a sophisticated IDE are to add edit and delete graphical controls from the program window (previous slides in this chapter have highlighted the Microsoft Visual Studio).

 

Programming a GUI Application

 

 

I will use a discussion of Visual Studio.NET and PYTHON to demonstrate how a graphical program is created. I will use many of the concepts discussed in earlier chapters to build and implement a graphical application.

 

GUI Programming IDE’s

 

 

Fundamental to programming applications with a graphical user interface is a robust IDE. Graphical interface IDE’s contain the ability for the programmer to graphically design the main window with graphical controls along with the ability to connect event code, when appropriate, to those controls. What this means is that from one IDE window the programmer has the ability to drag and drop controls from a toolbox and from that graphical environment manipulate those properties which pertained to the visual properties of that control. At the click of a button, the programmer can activate events associated with those controls and include the event handling code necessary to associate the graphical control to some logic function.

 

Using an IDE for a GUI Program - The Process

 

A popular IDE used for programming graphical applications with Visual Basic is the Microsoft Visual ~Studio IDE. Other languages may have different IDE’s is but they all fundamentally work in the same ways. Below I have isolated the steps used in creating a Visual ~Basic.NET application using the Visual ~Studio IDE.

 

· A programmer using a product like Microsoft’s Visual Studio will first create a project containing all the files needed to implement the program. The IDE will automatically create all of the initial files required to start the project. This includes creating a main window for the programmer to add a graphical controls and event handling code. 

· Using the logic models and storyboards created before programming, the programmer implements the storyboard drawing with the visual designer available with the IDE. This means dragging graphical controls from the Visual Studio toolbox to the main window (called a form in Visual Basic). 

· Once the control has been dragged to the main window, the programmer can use the mouse to resize and position the graphical control on the main window. At this time, the programmer may also choose to set any design time properties associated with that control. For example, a command button will need to have the button label text set so the programmer will use the design time property editor to specify the text displayed on the button. 

· Once the main window has been created, the programmer must now add the program code to the associated events defined within that program. This means that pseudo-code created as part of program logic planning needs to be transferred to graphical objects which initiate execution. For most graphical user programs, this would include command buttons, drop down menus and toolbars. For the Visual Studio IDE, this would require entering into a programming code window which would leave the graphical environment for a text editor that would facilitate the creation and editing of programming statements in each event handling procedure. 

· In Visual ~Basic.NET, events are implemented through procedures (or modules) that are assigned to assigned event handlers. 

The Visual ~Studio.NET IDE provides an environment for the programmer that allows them build their user interface and event handlers, create their programs statements, compile those statements into an executable program and finally provide a runtime environment for testing.

 

Setting values of Control Properties or Programming the Controls.

 

 

As has been mentioned already in this chapter, programming the values of graphical controls the very important aspect in designing the application. Changing the data attributes of control classes can be a very important aspect of program control. For example, changing the visible property to false for a command button would remove that functionality from the program. Manipulating control attributes both during the design of the interface and as the program is running amounts to programming the controls. This important feature allows the programmer to develop an interface which is at all times usable and consistent with the underlying logic. In the last chapter, I discussed a scenario where steps of a program or implemented as selection items on the screen. Command button one contained programming tasks which needed to happen before the tasks associated with command button two and command button two had tasks that need be completed before them and buttons three could be made available. By programming the properties of each of the controls, I can use control properties in concert with program logic to ensure that the program remains stable and accurate for the user.

 

The setting or programming of these properties can be accomplished at design time via property editors or a runtime via programming statements. If you refer back to our chapter on classes, you’ll remember that the variables of the class are identified with the class object in with that allow the programmer to assign values to those class properties. For example, the code below would allow the programmer to change color of the label box to read because of the outcome of a decision logic branch. This example is demonstrated in pseudo-code.

 

myLabel as Label
totalSales = -1
if totalSales is less than 0 then 

myLabel.forecolor = “red”

 

This example is only a piece of a larger program but as you can see from the pseudo-code, a label control called myLabel has been created. A variable holding totalSales has been initialized with a value of -1. The if statement uses as its Boolean expression a comparison between totalSales and zero. If the value in totalSales is less than zero, the foreground color property of the myLabel control is changed to the color red. This is all done at run time as the result of programming logic. The design time value of the foreground color of myLabel was set with the default of the color black. The label text would remain black unless it was changed at run time as the result of some programming logic.

 

Pseudo Code Logic and Story Board Model of GUI PYTHON Programming

 

 

The pseudo code used in this model is not unlike the pseudo-code use of in other chapters. The logic for this particular program is fairly straightforward as a result the pseudo-code is also brief.

 

start


frame as Frame

numberOne as textbox = 0

numberTwo as textbox = 0

calc as button = “Calculate”

answer as label = “Answer = 0”

loop equals True


event on calc call addNumbers

while loop

end
addNumbers()

try


value1 = numberOne.text


value2 = numberTwo.text


total =  value1  plus  value2 
       
answer.text = "Answer = " plus  total 
    
catch
        print "Input Error"
     
return

Story Board

 

 

Storyboards can be created with paper and pencil or can be created using graphics software. In the Microsoft windows environment, the peak program which comes as a free utility with windows is one tool available for the programmer to create more professional looking storyboards. A more powerful graphics will tool is Microsoft Visio. The figure below contains the story board for this application created with Visio.
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Figure 7: Application Graphical Interface Story Board

 

Graphical Menus

 

 

Menus not only provide a valuable resource when ordering dinner at restaurants but also have become a critical resource for software developers to create programs that are easy to use. As a user of a graphically rich operating system like Microsoft Windows, it doesn’t take long to learn that the rectangle located at the top of the window with words spaced across it is actually in an electronic menu. From these drop down menus, a user can click and get a sub list of features related to the top level menu name. For example, most drop down menus adopt the Microsoft standard of having File in the first menu position and having help or about it last menu position. We know that if we click on the File menu option a list will appear below it some of the menu options found under it is Open, Save, Save As and Exit. Other menu options may be different and specific to the application. As a user of graphical interface applications, we can count on the menus to behave the same and have similar menu options. This provides for tremendous options in regards to software usability (a topic will discuss later in the chapter).

 

 

Drop down menus: Drop down menus are traditionally found at the top of the window and appear as a series of labels across a menu bar. As the label is selected with a mouse click, a series of menu items appear each of which can be clicked to execute code defined by the label.

 

In addition to pull down menus, many program languages have implemented context menus. A context menu is a special floating menu that appears somewhere inside the main window and usually activates when the right mouse button has been clicked. The context menu typically contains a subset of menus targeted specifically to work with the theme of the application window. For example, a right mouse button click over a multi line textbox might produce a menu that has options of copy, cut and paste. All functions typically associated with the editing of text.

 

 

Context menu - Context menus appear as floating menus over the application window. Context menus are activated by a right button click on the mouse and are typically have menus typically associated with the functions defined on the application window.

 

 

Drop Down Menus

 

 

Most programming languages that support drop down menus support two techniques for creating the menu options and tying those options to events. In all programming languages, the drop down menu and its options can be defined with program code. Sometimes, the programming language IDE will also contain menu designer tools that allow the programmer to develop their menu and menu options with a graphical tool. Even though the tool appears to be taking control over menu creation, it is actually behind the scenes creating statements that the programmer could have alternatively created on their own. Menu designers can be thought of as a productivity aid the take the tedious task of menu definition and set up and reduce it to a few mouse clicks and a few keystrokes.

 

Menu designer- a menu designer is a graphical tool integrated into the IDE that allows programmers to graphically designed drop down and context menus. For those IDE that do not support menu designers, menus are created using programming statements.

 

Menu options, like command buttons, each have to be associated with an event handler that will perform the task designated by the menu option. For example, clicking on the exit option under the file menu should call programming code which will terminate the application. Menu designer software requires the programmer to create the event handling code after the design of the menu itself.

 

Context Menus

 

 

Drop down menus and context menus are still just graphical controls. They’re more sophisticated than your typical command button or textbox but they both programmed the same as you would a command button. For those programming languages with menu designers, there is one control for the drop down menu and a second control for the context menu. The menu designer implements each in a similar fashion. The designer creates the context menu but the program needs to create the event handler code module.

 

Graphical User Interface Design Fundamentals

 

 

Most users of computer programs will tell you that programs that have a graphical user interface are easier to use and more intuitive for the average user. This is only true because most of these programs have been developed to similar design standards. For example, what if in my drop down menu I decided not to put the exit option under file but instead put it under the top level menu option of about. Since this is not the standard location for finding exit, the user most likely would become confused and spent a great deal of time and frustration searching out for this important action.

 

Another less dramatic but still importance standard that most programs follow is the designation of a tab order. The tab order is set up to follow the natural progression from control to control across the window. If we were filling out a mailing label for example, we would want the cursor to start in the name textbox and when the tab key was struck we would intuitively move to the next text box where we needed to type our street. If the tab order is not set in the correct sequence so that we are randomly jumping across all the controls on the window, this will certainly confuse the user and potentially frustrate them enough so that they will not use our program.

 

Tab order - level window constitutes the sequence in which the tab key moves across controls contained within that window. The tab order should reflect the natural progression of using that application.

 

Usability Concerns

 

 

Usability addresses the ease in which your program is used by someone else. When someone starts your application will they be able to use it without extensive training and research. Will they be able to execute the basic functions of the program along with understanding how to navigate through the program based on their previous experience with graphical user applications? For example, will the exit button be waiting for them underneath the drop down menu option labeled file? Will the program look like other graphical programs? Is the program intuitive to use?

 

Usability - Usability refers to the relative ease in which the user operates your program. Greater emphasis on usability improves the effectiveness and efficiency of the program by making it easier for the user to operate the graphical interface and the underlying program logic.

 

Although the definition for usability seems to be understood by every one it is probably best to define it in terms of the operating system you’re creating your application for. Although the graphical user interfaces for Microsoft Windows, Apple Macintosh OS 10 and Linux are similar, they are also different. Most of my programming classes are developing applications for the Microsoft Windows programming environment. I have yet to find detailed design guidelines or usability recommendations for applications running under Microsoft Windows. Although nothing has been formally written, all applications seem to take on the appearance of the applications developed by Microsoft. For example, I tell my students that in regards to Windows graphical design guidelines; they should refer to Microsoft Word or Microsoft Excel to get hints and tips as to how to design an intuitive graphical interface. Usability In this context is more like impersonation. We want our applications to have drop down menus and toolbars at the top of the screen, command buttons that include shortcut keys and tab stops that flow through the natural progression of the application. Beyond impersonation and these simple rules, the responsibility is on the programmer to ensure that their application is intuitive and easy to use. Certainly if an application takes on a more creative and varied approach from existing standards, additional testing will be necessary to ensure that the user knows how to operate the program.

 

Usability for Disabled Users

 

 

If one is developing applications that will be used by a wide number of users, there is a high likelihood that some of those users will have some form of a disability. The user may have a sight disability or the user may have a disability that restricts their use of a mouse or keyboard. A user might be colorblind and therefore only be able to see certain colors placed in a graphical interface. All of these are legitimate concerns for the applications programmer. As the programmer, you should become familiar with what the operating systems offer as alternatives to the standard monitor, the keyboard in the mouse. For example, many operating systems allow the screen to be magnified so that persons with sight disabilities will be able to view the screen with larger letters and graphics. Most programming languages allow for the inclusion of shortcut keys. If a person has a disability which limits their hand movements, then use of the mouse may not be a possibility. The program will need to have a shortcut keys (i.e. alt-x to Exit) so that the user with limited hand movements can place their fingers over the keyboard and simulate mouse clicks with keyboard keystrokes.

 

Certain color combinations allow color blind users to view all of the colors on a computer screen. Many companies have done extensive research in this area and a little research into your operating system will probably identify a color scheme that is the easiest color selection for color blind users.

 

This is only a partial list of some of the considerations that must be made to handle those users with disabilities. Certainly our ability to build these accommodations in the design of your program will speak very positively to your abilities as a professional programmer.

 

Shortcut keys- Shortcut keys for programs written for graphical user interfaces are typically a combination of a specialized key (i.e. the alt or control key) coupled with one of the characters from the keyboard. For example, the alt-x key combination might be established as a quick key method to end the application. Note: Many shortcut keys are set with the operation system and any program use of short cut keys should be consistent with these OS short keys as to no cause confusion (i.e. control-c is the Windows Copt shortcut so control-c should not be refined in your program.

 

Usability for International Users

 

 

If any one does not realize that computers exist around the world, let me point out that business and computers are international. Writing successful software that is suited for widespread use means that the program might need the ability to display text on graphical controls in a variety of languages. Again, this has not been lost by the developers of programming languages and operating systems. A little research on internationalization will yield a wealth of material to assist you in making your software truly international in available to users communicating different languages.

 

 

Internationalization -Internationalization describes the support many programming languages have for application development for different languages. In addition, internationalization accommodates currencies different than the United States (i.e. pounds for Britain and the Euro for the European common market).

 

 

Application Personalization and Configuration

 

 

It has been said that “variety is the spice of life” and it is also true in application programs. Given the wide flexibility for multimedia controls and components available to the application programmer, your users will want to take advantage of what they have already seen in other applications. By this, I mean you will want to create an environment where the user can customize the applications color, sound or other multimedia effects available with that programming language. Although user customization may not be the primary objective of the problem you are solving, it will help in the acceptance of your program and promote its use. Allowing the user to set colors and a turn on or off sound is a minimum level of configuration available with most software today. Trends indicate that software will look more like video games in the future. These environments will need to support even more configuration and multimedia with the availability of different application graphical interface skins collections of color in graphics to personalize the graphical interface. This is a topic outside the scope of this wiki but one which has been heavily researched and written on via web sites on the Internet.

 

 

User Customization - user customization describes features within your program to allow the end user to change colors, fonts or program characteristics.

Skins - Skins is the name given to classifications of color schemes and graphics they can be set for your application. For example, a metallic skin might give window graphical features the appearance of metal and adopt color schemes of gray black and blue. Skins allow the user to customize their application experience to their own preferences.

Status Check 

Screen controls are classes with data and properties. How does the data set the personality of the control?
What are the differences between a pull down menu and contest menu?
What is usability and how is it supported in your graphical applications?
 

 

The Programming Process with Graphical User Interface Programs

 

 

Fundamentally, the process that we have described throughout the wiki of defining the problem, performing fact finding, developing a conceptual design, creating a physical design, programming and testing remains the same with graphical user interface programs as it has done with traditional sequential applications. As explained in the previous chapter, an additional step necessary in the process when a application has been designed around the handling of events is the development of a story board. With our text interface, the storyboard was fairly simple and straightforward with the outlining a text on a screen. With graphical interface applications, the creation of the storyboard is a much more involved process due to the variability and flexibility the programmer has with numerous graphical controls. Creating a story board, even if it’s handwritten on a piece of paper, provides needed validation from the user. Analyzing a story board with the users for effective interface design is very similar to what advertising and marketing professionals do when proposing a new product. The story board session acts like a focus group session. A variety of input can be solicited and incorporated in the program design.

 

 

Related Subject - Are Programmers Good Screen Designers - As a programmer, I’m had the opportunity to work on many web sites that relate to my programming work with the classes that I teach. As an Internet user, I have visited sites with phenomenal multimedia like presentation. I’ve also spent many a night trying to make my sites have that same level of professional design. I’ve come to the conclusion that there is not a direct relationship between a programmer’s ability to code and a programmer’s ability to design. For me personally, my websites look fairly two dimensional, somewhat primitive and a little unprofessional. I have come to respect the tools and expertise of professional designers. Individuals who have trained in art classes on the correct use of color schemes, canvas balance and visual optimization can be a tremendous resource to improve the usability and effectiveness of graphical interfaces. As has been outlined in previous chapters, as a programmer you’re not an island but person who has to work with many others to get the job done. Just like you’ll need to work with database administrators when developing database applications, you’ll also need to work with designers are working with graphical application interfaces. Sometimes not good for the ego but always good for the application a programmer must realize that it is unusual to be good at everything and more probable that you will be good at one are two things associated with the system you’re developing.

 

Testing Processes

 

 

The testing of processes with graphical user interfaces is more extensive than with programs that do not have a user interface. The programmer has complete control with traditional sequential applications; the programmer has less control with event driven applications. Applications will need to be tested to ensure that the user correctly understands the interface and provides a valid input sequence that is acceptable to the application. Because of the complexity involved with the testing, a test matrix is advisable. The matrix can isolate a series of tests cases so that appropriate coverage of programming testing can be performed. Test matrix can also act as a helpful tool for regression testing when the application changes and has to be tested again in certified that it still remains but free and of high quality.

 

Large organizations may also perform usability testing on the application. This would bring typical users in to experiment and provide feedback on the application and how we could be made more effective. These usability tests should occur early enough in the applications development so that to minimize program rework but also late enough in the application development so that any final in consisted is or problems can be removed before the program is delivered to the end user.

 

Maintenance Guidelines

 

 

The maintenance of event driven software, and specifically graphical interface programs, requires the same standards and rigors as with all programs. The program should always start with a good logic model and the programmer who created the application should use standards well known for that programming language. Identifiers should be created with descriptive names and any naming standards common to that programming language should be incorporated in the naming. Liberal use of comments within the programs body is advisable. I would encourage the programmer to comment any decision structure, all program modules, any calculations and any logic within the program that might represent an unusual way of dealing with programs steps. If possible, adopting common programming patterns will make future maintenance, either by the original programmer or by other programmers, the easier. The formatting of the text should be easy to read with ample white space to separate blocks of program logic.

 

Performance Concerns

 

 

Even with all of the power and flexibility available with event driven processing and graphical controls, it can be easy to go beyond what is required in the program to a point where the interface becomes the focus of the programming. This means that the problem the program is solving becomes lost as a programmer tries to manipulate the graphical controls in place more emphasis on the interface and less emphasis on the problem that solves.

 

 

Let me give you an example. An application that was being developed for the processing of insurance claim data had several codes that were critical to the processing of an insurance claim. With the ability to place combo boxes on the window, a design decision was made that whenever a code needed to be inputted a combo box would be populated from a database table with those codes valid for that item. In theory, the feeling was that this type of customized control would help new employees and also reduce claim processing errors. In theory a good idea in practice a bad one. Because of the processing overhead required for the database to retrieve and populate each combo box with correct codes, a query of a customer claim went from 40 seconds to four minutes. Four minutes was not acceptable for wither online real lime customer support or the batch entry of claim payments. The combo boxes were removed and replaced with a text box that simply validated the code within the program. What seemed to be a very productive solution that took advantage of the tools available with a graphical interface became in fact something that didn’t help the problem but in fact made the problem worse.

 

 

This is only one example of some of the problems they can occur with event driven graphical interface programming applications. As the programmer, you must be conscious of your programs performance. Testing the application on your workstation without heavy network load or other users connecting to the same resources can create an artificial sense of program performance. As part of your testing, you must make sure that you give the program a test when there is typical processing load on the system. This may be a difficult or impossible task but if a test can be arranged where several people are using the application in a fashion similar to the way it will be implemented then the more confident you can be at the application will perform well for its customers.

 

Graphical Interfaces for Internet Applications

 

 

For most of this wiki, our discussion has been primarily for programs developed to run in a traditional workstation setting. This means the program is developed to run on a desktop or centralized computer (i.e. mainframe and mini computers). I have referred to Internet applications in our case studies but we have not focused specifically on it in discussions when discussing topics of structures, files, classes and I then driven processing. It is now important to bring this topic forward since the Internet presents a wealth of multimedia support that is expected by the user when running applications over the net.

 

Applications developed for the Internet rely heavily on event driven processing. Internet applications are a client / server application which is to say a part of the application (the client) exists on the desktop and is run through the browser and the other part of the application exists remotely on an Internet Server. This format requires the logic be spread across the two computers but the logic is fundamentally the same as we have been using throughout the wiki. It is just split across two computers.

 

From the interface standpoint, Internet applications are always event driven and make extensive use of graphical controls. With many programming languages, Visual Studio.NET and Java specifically, the transition from graphical interface running on the desktop to graphical interface running on the Internet requires minimal rework. IDE is used for Internet program development operate much the same. The controls used on the two environments look much the same graphically but do have some fundamental differences with properties and methods. Internet applications are a stateless application which is to say that because of two computers are involved in completing the program, whenever the user submits information of the server, it leaves his desktop goes to the server. At the same time, data stored in variables are removed from their local desktop program (thus a stateless environment). Special accommodations need to be made with variables so that when an application submit button is clicked that variable information is saved in not lost while the server pickets a pates and it’s part of the program.

 

 

Client / Server applications- Client server applications are programs developed to run partly on the user’s desktop and partly on a network connected server. Neither application by them self completes all the program function but when used together via application becomes complete. When the application has been written for the Internet, you’ll have an Internet client using a browser communicating to and Internet server each providing part of the applications logic.

 

GUI User Documentation and On-line Help

 

 

Periodically we have addressed user documentation within this wiki. Up to this point user documentation takes the form of program manuals that are produced for the user to be used alongside the execution of the program. These manuals typically have a function of operational reference. The users guide acts like a mini textbook and instructing the user how to perform activities with software. The reference acts like a “how to” to the features found in textbook usually organized by subject in a table of contents.

 

 

User documentation - user documentation is created to instruct the end user on the operational characteristics of the program

 

Program Manuals - program ,manuals are a form of user documentation which typically provides a reference to specific program functions.

User guide - The user guide is user documentation that trains step by step how to effectively use the application.

 

On other documentation option available to the programmer is online help. Most applications developed for the windows environment include as one of the menu drop downs and option for program help. Program help comes in many forms and can be similar to the printed manuals found with more traditional documentation. Because the help files are online the additional capability of keyword searches can be very useful for the user to look up information on specific questions or features found within the software. Some companies like Microsoft provide help compilers which assists a programmer in developing the standardized help environment similar to the helped found another Microsoft Windows programs. A cottage industry has also developed with third party vendors providing ways to quickly format online searchable help files from a variety of sources (i.e. MS-Word, Text files, etc.).

 

 

 

Some languages such as Java have provided the programmer with special syntax dedicated to creating user documentation. With Java, the tool is called JAVADOC. JAVADOC allows the programmer to insert special comments within the program code so that documentation which is typically left to the end of the process can be included as part of the initial coding. Once the program is complete, the JAVADOC program scans the source code for the special documentation tags and creates an HTML file formatted for user help.

 

Writing effective program documentation is an art into itself. Many times just like a professional graphics designer can help with the creation of an effective graphical interface, a technical writer can greatly improve the readability effectiveness of user documentation. Many companies have technical writers on staff to assist the programmer and creating documentation. Products which are being developed for resale to a wide range of customers would benefit from documentation created by a technical writer. Ultimately, the programmer must be responsible for all documentation but understanding that everyone has different strengths, sometimes outside specialized help can greatly benefit the project.

 

 

Online help - Online help is when user documentation is prepared for electronic viewing within the application. Online help can usually be accessed like a table of contents or scanned via a keyword search.

Third party vendors - third party vendors are software development companies that design software that extends functions and features normally found within the programming language. For example, in Visual Basic, before Microsoft made the tab dialog box available that toolbox, that control is available via third party vendor who designed the control to work with the Microsoft Visual Studio IDE.

Status Check
How is creating GUI interfaces for the Internet different/same as desktop applications?
Can event driven design applications have performance problems where program execution is too slow?
What issues might you address for designing applications for international users and users with a disability?
 

Cactus Case Study

 

 

The time has come to take logic created for the purchasing of books from Cactus Books and Tapes and create a graphical user interface version of this program. The program initially was used to demonstrate run time exception processing but also contains calculations and array processing. I have simplified the processing requirements somewhat by only concentrating on returning to the graphical interface the cost of the item code inputted into the interface. Error handling is still present. As with other case studies, we start our project by updating our pseudo code so that our logic is modeling before it is set to program code.

 

Original pseudo code with updates for GUI Interface

 

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

 

For the screen design, I have specifically kept the design of this applications simple. The interface is very similar to our CalculatorProgram and uses many of the same controls. PYTHON supports many of the controls that are found in graphical applications and just because I have restricted the examples two command buttons, textboxes and labels does not mean that that is all PYTHON has to offer.
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Figure 9: Story Board of GUI screen
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Figure 10: Screen shot of Solution

 

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.

 

Additonal Topic: Survey of How Different Programming Languages Support Programming with Graphical Interfaces

 

Visual Studio

 

 

Visual Studio.NET was developed by Microsoft Corporation as an interface that would support C++, C# and Visual Basic with the idea that one interface for all three programming languages would be a productivity enhancement for the programmer who had to move from one language to another. At the same time, the .Net framework was created so that class objects were also standardized across to all of the programming products. This means the command buttons class objects that are used in Visual Basic are the same command buttons that are used with C#.

 

Visual Studio.NET is the IDE used by programmers developing applications to run on the Microsoft Windows operating system. As mentioned earlier, the Visual Studio IDE includes a Visual Designer which allows the programmer to create the graphical interface for both desktop applications and Internet applications. The IDE also contains a code window which allows event handlers another program code to be entered in and compiled. The Visual Studio IDE can also be used to execute programs to help isolate runtime errors and also test to ensure that the program behaves consistently and in a way which is intuitive to the user. Visual Studio also contains extensive help and documentation so that they programmer can reference not only programming language keywords but also class files which are included in the .Net Framework library.

 

The Visual Studio IDE has long been considered one of the benchmarks for integrated development programming environments. It’s a major product which has undergone various improvements over the last ten years. It represents an environment which is flexible and one which promotes code reuse and the development of reusable components.

 

Java

 

What tends to be successful in one programming environment is quickly carried over into others. The Visual Studio product from Microsoft is a mature IDE. It been perfected over many years. As much as loyal Java programmers would protest, in many respects Java lags the Microsoft products in regards to productivity tools that assist the programmer in creating the graphical interface. This is changing fairly quickly and many products like Borland’s Visual JBuilder, Sun Microsystems’s NetBeans and the Community edition of Eclipse have implement add-ons and features which all help the programmer to design the graphical interface, code events, and compile and test the application. However, many of the Java textbooks still focus on code based solutions to create of the graphical interface and do not take advantage of graphical window designers.

 

PYTHON

 

 

There are many similarities between PYTHON and Java. The examples created in this chapter were all developed with a text editor and then compiled to verify the graphical interface was developed correctly and the events responded as programmed. For example, in the case study solution for chapter twelve, the graphical interface is somewhat primitive. Part of this was to create an application that was easy to follow and partly because the tool used lacked the visual interface to create the GUI. The interface was created from a series of program statements.

 

 

Additional Topic: Packaging and Deployment of Your Program - With applications that contain graphical interfaces, comes the possibility that your programming solution will be contained in many files. Your application may require packaging and deployment of the solution. The packaging process ensures that all files needed to execute the program are included in the program deliverable. Many IDE’s contain packaging software that ensures that all dependent files are included in packaging. The packaging process for the programmer is specifying how the files are to be delivered to the end user. Packaging considerations might be if the program executable files are going to be compressed into a zip format or if the files are to be delivered over the Internet. Deployment considerations are also in play at this time since deployment is the process of installing the software on the user’s computer. Deployment typically involves a setup file that installs uncompressed package files along with dialog boxes that assist the user with installation and configuration of the program. Many IDE’s have packaging and deployment support built in. There are still other more robust solutions available with third party vendors.

 

Packaging - Packaging is the process used to collect the files for the program and combine them for distribution to other personal computers. The packaging process would define which files would be sent for installation and if a configuration script needs to be completed by the user.

 

Deployment - deployment describes which distribution format is to be selected for installation on a user computers.

 

The installation of your package program on the user’s PC is called deployment. You’ll need to analyze your program to determine what information is necessary as part of programs setup and configuration on the user’s personal computer. You may also decide where the product will need to be installed along with configuration to have the program appear in the programs list or as an icon on the desktop.

 

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:

 

· Explain fundamental concepts of event driven programming environments that use graphical controls and events to process logic 

· Graphical programming environments use windows and graphical controls that allow the end user to determine the sequence of logic execution. 

· Application windows act as containers for graphical controls and programmable components. 

· Graphical controls and components are reusable class files delivered with a programming language. 

· Graphical controls utilize events to signal their activation which is linked by programmer to specific event handlers. Event handlers are implemented in programming code as procedures/modules/methods. 

· Differentiate between event driven programming via a graphical user interface and sequential processing environments. 

· A program that utilizes a graphical user interface presents graphical controls on a window that allows the end user to select the sequence logic via their interaction with graphical controls and their corresponding events and event handlers. 

· Demonstrate the graphical user interface design fundaments. 

· The most important design element of a graphical interface is to provide a window which is familiar to the user. If placement and use of the control is standardized the operating system, then the interface will be both intuitive and very usable. 

· Usability is how programmers refer to the ease of use the end user experiences executing the programs graphical interface. 

· Summarize the various types of graphical menus and recognize when each should be used in a program. 

· Drop down menus fall from the top of the application window and provide a familiar and easy to use interface for launching program logic. 

· Context menus popup floating above the application window with menu options specific to the current task. For example, a popup menu with options to copy cut and paste may be associated with an editing window or the user would need those editing functions. 

· Describe and differentiate the various forms of program help and documentation. 

· it is important to be thinking about user documentation throughout the program development process. User documentation can be delivered via the program annual, the user guide or online help. 

· Online help can be a valuable resource in a graphical program by providing real time computer based documentation that can be searched by the user to address problems up a rating the program. 

· Describe performance, maintenance and testing concepts used when developing event driven graphical programs. 

· The performance of graphical programs presents special considerations not found in traditional programs. Steps should be taken to simulate the program’s execution under realistic conditions with system load and end users working with the program. 

· Program maintenance concerns are similar to traditional programming but naming conventions and programming patterns in graphical programming is different than traditional programming and should be observed by the programmer. 

· Testing of a graphical program must include testing all of the operational possibilities available to the user interface. It is critical that the program still function no matter what event is fired and in what order. A text matrix is one way for ensuring that coverage of all tests possibilities is documented and available for later retest when changes are made. If 

 

Chapter Key Terms

 

Client

Client / server applications

Component

Context menus

Design time

Drop down menus

Graphical controls

Graphical user interface

Internationalization

Internet Server

Main window

Menu designer

Online help

Program manuals

Properties, methods and events

Run time

Single / Double click

Tab order

Third party vendors

Usability

User customization

User documentation

Users guide

 

 

