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Usability is increasingly recognized as an important quality of software systems. But there are no silver bullets regarding how to incorporate usability into the software development process. 

The current process often causes friction between engineering teams and usability professionals. Usability professionals feel that their recommendations are ignored to the detriment of the product, while software professionals feel that they are asked to perform last-minute technology miracles in the last weeks of development. In spite of best intentions, systems are released with known usability defects, or expensive (last-minute) rewriting of code. 

The problem is that usability typically begins at the end – at the end of the development lifecycle, when it should be considered right in the beginning. Typically, usability professionals evaluate working systems to determine user’s subjective reactions to them: they then come back to developers with a laundry list of requested changes. Some changes are easy to incorporate into the existing design, while others are prohibitively expensive. This has been dubbed the “We can’t change that” problem: despite the use of loosely-coupled architectures explicitly designed to shifting requirements, some changes simply can’t be made without “open heart surgery” on your code.

In this installment we’ll describe how architects can be better prepared for the impact of usability requests. 

[subhead]  What do J2EE architects need to know about usability?

Hint: J2EE architects do not need to know how to create intuitive screen designs, or UIs that customers will respond to emotionally. What J2EE architects need to know is how to avoid the “We can’t change that” problem. Fortunately, there are some patterns to architecture-destroying usability requests. Requests related to the appearance of the software rarely cause havoc. Even a novice J2EE developer knows to use the MVC pattern to isolate the code responsible for drawing the UI from the rest of the code. Also, the requests for changes in workflow or data requirements for particular screens are rarely problematic. While that type of request may cause a bit of work for coders, it won’t cause any upheaval in the architecture itself. MVC frameworks like Struts or Spring allow the routing of screens to be edited without changing a line of code, and if a workflow redesign means that additional data needs to be extracted from the Model before redirecting to the new page, this can easily be accomplished.

No, the change requests that strike fear in the J2EE architects heart sound more like this: “This is great, but can we add an Undo function”? Or “I love this financial web site, but I need it to show a pop-up if a particular stock changes by more than 10%”. Or “a user should be able to cancel a request if it seems like it’s taking too much time” These problematic requests have one thing in common: they all have to do with the interaction of the View with the rest of the code, rather than the appearance of the system. As such, they could not be added on at the last minute without major changes to the architecture.

[subhead] Is there a pattern to usability change requests?

If usability change requests were essentially random, there would be no way to anticipate what changes would be requested. Fortunately this is not the case. Below we describe how architects can be better prepared for the impact of usability requests. We begin by describing some usability heuristics, trace the resultant feature requests, and then discus how to deal with the architectural impact.

Usability heuristics > Functionality request > Architectural impact & relevant design pattern

This type of analysis offers a framework for linking usability to software architecture. While it is not a panacea for all usability issues, it does offer you a way of protecting yourself from some of the last minute pain of re architecting.  

Usability professionals evaluate systems using several different techniques, two of which are usability testing and heuristic analysis. Usability testing is something most engineers are probably familiar with. Heuristic analysis is simply the application of industry-standard “rules of thumb” that have proven (over time, on 1000’s of projects) to be useful in improving usability. Applying these heuristics often leads to some specific (and predictable) feature requests. While explaining all of the commonly-used heuristics is beyond the scope of this article, we will use two heuristics to illustrate the link between usability requests and software architecture.

	Heuristic
	System Property

	Keep the user informed about how long a task will take
	High latency

	Help users deal with errors
	High cost of errors


In our experience (and based on review of related research) following these 2 heuristics can lead to four specific usability feature requests. The four feature requests are organized below by the two system properties that trigger them.

[run-in sub-subhead]  For systems with high latency: keeping the user informed about how long a task will take 

Long system response times can mar the user experience, and require remedies to help users anticipate response times and/or cancel actions. Dealing effectively with system response times can motivate the following types of functionality requests.

· Cancel Button: Provide a way of canceling operations that may take more time than the user initially assumed. 

· Progress Bar: Provide a progress bar when the system is unresponsive that tells the user how long they will have to wait. 
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 (illustration will be redone)

[run-in sub-subhead]  For systems with high error cost: helping users deal with errors 

Occasionally, users are going to make errors while using the system. Support for error recovery is critical when the cost of errors is high (e.g. when the user can delete hours of work with one wrong click). Some functionality requests related to error recovery that also impact the architecture are described below.

· Undo / Redo: Support undo and redo functionality. 

· History Logging: Track user actions in a log so that the user can look back over what was done previously. 

Determining whether your system will (occasionally) have high latency, and what the cost of errors will be, is clearly critical to avoiding “We can’t do that” snafus. If you do determine that you need such functionality, how should you implement it? Below we discuss some basic architectural concerns relevant to implementing these particular features.  
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 (illustration will be redone)
[subhead] Platform Considerations

The requirement for the features mentioned above should be considered when choosing which platform you use to implement your software. For example, a vanilla Model 2 Struts-based Web application would be hard-pressed to implement “Cancel” functionality, given that control of the UI leaves the user (in the form of an http request) when the user gives a command to the system. On the other hand, an ADF JClient-based UI remains responsive to user input continuously. True Undo/Redo functionality (while possible in a web application) has not traditionally been implemented due to user belief that the “back” button performs an undo (it doesn’t, but since it typically shows the last screen that was looked at, communicating this to non-technical users is difficult). In general, the more features mentioned above you need to support, the more seriously you should consider a Java-based user interface, as opposed to an html-based user interface.

The technology that you use to connect with your persistence layer can also effect the viability of implement feature requests like undo. In particular, rolling back completed transactions can be facilitated by Object-Relational Mapping products (ORMs) like Oracle Toplink (which automatically update data objects when the corresponding records in the database are changed). For TopLink developers, the API relevant to this discussion is UnitOfWork.revertObject().

[subhead] Architectural Considerations

In general, the architectural requirements for both “families” of requirements are related. So if you implement Undo/Redo, you are already most of the way towards implementing History Logging. And if you implement Cancel, you’re at least part of the way towards implementing a Progress Bar. Below we’ll briefly present the design patterns for implementing these functionalities in an ADF Jclient-based UI.

[subhead] High Response Time Pattern

The key thing when dealing with high response times is to make your Controller (you have a Controller, right? I thought so) always available for responding to user input, and to execute commands from the user in a way that they are easy to kill if the user decides they are taking too long. 

Functionally, this means starting a new thread for each potential high-latency command that your Controller receives from the View. If database access is potentially high-latency in your architecture that means that you won’t be able to avail yourself of the ADF data bindings, and will have to roll your own data tier layer. So don’t do this unless you’ve determined that high latency will really be a problem!

The good part about this pattern is that the freed-up Controller thread is now available to calculate how much time the high-latency action requested by the user will take. These estimates can be relayed back to the Client code, and be displayed in a status bar. Estimating how much time an action will take is a complicated chunk of functionality in it’s own right, and should definitely be segregated in it’s own object (and possibly be informed by real-time performance statistics of the system).

[subhead] High Error Cost Pattern

Supporting systems where there is a high cost of user error means providing audit and recovery mechanisms. Encapsulating communication between View and Controller in Command objects makes it possible to store user actions in a temporal order using a Stack, and undo them in reverse order later. The Command object is in implementation of the Command interface, which says that a Command knows how to execute() and undo() itself. For an excellent introduction to this pattern, read the documentation for the oracle.ide.ideaddin.Command interface. 

A Stack of Command objects is an excellent makeshift History Log. If your users require a history log which is undeletable (for example, for auditing purposes), than copying the Command objects into a linked list (or simply logging commands in a table as they are executed) is the recommended approach.

[subhead] Sample Implementation of Undo pattern

We will now briefly discus the implementation of just one of these patterns in the context of a Struts-based web application. The application discussed is a simple one that we wrote for the purposes of this article: all it does is add user-defined numbers until the number 21 is reached. The Oracle JDeveloper rendering of it’s struts-config.xml file shows the overall workflow of the system.

[image: image3.png]er 10g Developer Preview - UndoDemo.jt \oracleprojects\UndoDemo\ViewController\public_htmI\WES-

Fle Edt Vew Seach Nevigate Run Debug Mlodel Refactor Versoning Tooks Window Help

GoHa 90 ¥XBEh O0-0- 4d «- > SPEFAEIDD

(| Contens | Index| Search | Favortes

Bssten | @ropic.. B

T P ——— indassasecspiogane A=) (@coperencpatie. | 0
@ ] ® & & - [J[J M M |sansser ~[10 <] 31 - |[struts page Flow S
[ CunentTotdgean jova B =] T painter B

- [£2) seauence Disgram
8] ndoacton.java
(@] undocommand.java *

Undoer java
UndoseauenceDisgram iunda
UndasequenceDisgran2

Page
G acuon

= Forward

Page Link

s Page Forward
8 rocrsre © swtch Action

(6] Stutspagertomoxd_struts_905t

oS —— [ Onote =
3 web Content
& & wes v Gartscontigom.. | L)

6] strues-henltd

[ struts-configxmd e AR/ ®ROE

R I —

[Elstruts-config s - Structure 5]
2@

<> -/lApache Software Fou,
=B sescoriy

R formbeans

{3 action-mappings MainPage.jsp Finished jsp

L

G action - fadd < D
& ﬁa;;an—/unda Page Flow Diagram | Source | History
riard - undane

B e TR | [Jochussngtnbedied octysener 1og | 5]
04/1L/30 17:16:26 zaving toral to session az 2 F
Source brasupoine occurred at Line 67 of Addhction.java
Debugger disconnscted from local process.
Process sxited vith exic cod O
< I 0]

Messages | Compier | ¥DebuggingiEmbedded OC4] Server

Ci\aloracleprojectsiLndoDemolviewController|public_htmi\WEB-INFistruts-config.xml | Page Flow




Figure 1: Oracle JDeveloper  Rendering of struts-config.xml

As you can see, the application is fairly simple (2 pages, 2 actions, 3 mappings). A key aspect of the design is that a separate struts action is used to handle requests for an undo, so that the code of the main action remains uncluttered and easy to read. No parameters need to be passed with the undo request, since the server is responsible for keeping track of what the user did last. 

Behind the scenes, the requests that the add action receives are used to instantiate AddCommand objects that actually execute the desired functionality (including making changes to the persistence layer). The Oracle JDeveloper screenshot below shows a sequence diagram representing what happens during the normal user request to Add.
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Figure 2:  Modeling the addition of commands using the Sequence Modeler in Oracle JDeveloper 10.1.3
After execution, the Commands are saved in a Stack that is maintained by an object called the Undoer, which is saved on the session (so that each users actions can be undone without effecting other users). The action then forwards the view to the appropriate jsp page.

To undo, the application simply pops a command off the stack and executes that commands undo() function. This restores the model to its previous state. For our sample application, this merely involved changing a value of a Session variable: a real application would roll back a database transaction at this point. Afterwards, routing to the appropriate page completes the undo process.
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Figure 3: Application snapshot

[subhead] Summary

The assumption often has been that if usability problems are discovered, then they can be fixed. In practice, many usability issues reach too deep into the architecture to be fixed at a reasonable cost. Like other software qualities, usability cannot be considered only at the end.

Features that communicate state information in real-time and give the user dynamic control over system state must be designed in from the beginning, and are painful to add in a post-hoc fashion. The approach outlined above should help reduce the number of usability defects that require "open-heart surgery" in order to be accommodated. 
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