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Prototyping

e Contents:
— Goals of prototyping.
— Types of prototype.
— What should you have for LCO?
— Prototyping guidelines.
— To reuse to throw away?
— Rapid prototyping tools.
— How to choose a tool?

— Scenarios.



Prototyping goals, 1

* Prototypes help with your customer
negotiations:

— Reality check: are you building what the
customer expected?

— A prototype gets you past “I’ll know 1t when I
see 1t.”

— Makes your project concrete for the customer.

— Focuses negotiations on user concerns (when
the customer 1sn’t the end user).



Prototyping goals, 2

* Prototypes help you design your product:

Any gaps or inconsistencies in the design/requirements may be
revealed.

Questionable or difficult aspects can be tried out.
Outright errors in your initial design may show up.

Weaknesses in the development team’s skills may be revealed (in
time to get training).

Unanticipated problems with implementation technologies may be
revealed (in time to try something else).

More important or more difficult requirements or components
show up; knowing about these things helps with making a
reasonable schedule and division of labor.



Types of prototype, 1

* Prototypes may be classified as:

— Non-functional (for “look and feel”):
e Images.
« Static interface (in some language).
« Example interaction (series of slides, or a log or journal file).

— Functional (in various degrees):
* Anything that runs and shows off some system features.
* Prototypes may be classified as corresponding to
phases 1n the development, from “Initial” to “Pre-
alpha”.*

* “Alpha” and “Beta” are industry parlance for pre-release software. An Alpha release
includes major features, but isn’t intended for general use. A beta release should be
mostly complete, but still needs testing.



Types of prototype, 2

* Prototypes may be classified by their intended
use:

- A prototype might be used to demonstrate the user
interface, rather than the program’s function.

- A prototype might be used to demonstrate a programs
function (in this case the Ul is less important).

- Any test program written to “try out” a technology or
design aspect is a prototype. Prototypes may exist only
to help the development team, rather than to show to
the world.



Requirements, WinWin, Prototypes

Fundamental relationship between WinWin results,
Prototypes, and Requirements

No “formula” but some general rules of thumb
— WinWin agreements often become requirements
— WinWin taxonomy items contribute to requirements
» Specialized taxonomy (as in HW) can be used in SSRD sections
— WinWin options may need to be prototyped
— Prototype results may contribute to later WinWin cycles
— Prototype results often contribute to requirements
» Helps resolve IKIWISI requirements model clash

— Iteration and simultaneous development common

» Must integrate results and have some degree of consistency!



To reuse or to throw away?

* A key decision with a prototype 1s whether to try
to make 1t reusable (such that 1t can be a basis for
the construction of the final product), or whether
to plan to throw 1t away. Consideration include:

— Can you (or do you want to) do the prototype in the
final implementation language?

— How much time do you have for this prototype?
— Are you planning multiple prototypes?

— What 1s the goal for the prototype (UI, user behaviors,
technological feasibility)?



To reuse or to throw away?

 Why would you throw away a prototype?

— In doing the prototype, the design or requirements
change substantially.

— Prototyping with an easy, fast tool lets you get on to the
good parts.

— Prototyping lets you try things easily, which may be
difficult in the final implementation.

— Prototype implementation likely did not follow
development quality standards, be well commented, or
have good documentation

* Understand carefully what the tradeoffs are for
evolving a prototype into the final product!



Rapid prototyping tools

« “Rapid prototyping tools” are languages or
programs that let you create prototypes
more quickly than you could in your
project’s real implementation
language/technology.



Rapid prototyping tools

The languages/programs listed here may be prototyping
tools for one project, but final implementation tools for
another.

Prototyping tools include (but are not limited to):

Pencil and paper.

Images (Photoshop).

Static web pages (HTML and images).

Dynamic web pages (Javascript and CGI).

Scripting languages (Perl, Python, Tcl).

“Visual” programming environments (MS Visual Basic).
Database development tools (MS Access).

A “real” but “nice” language like Java (with AWT or Swing).



Tools: Static web pages

Web pages are provide a common, familiar look, and basic set of
functions.

May be used to demonstrate user input forms.
May easily be made colorful and attractive.

May be created in various visual editors (Netscape Composer, MS
FrontPage, Adobe PageMill).

Can be accessed almost anywhere, from any nearly any type of
(networked) computer.

May be easily augmented with a certain amount of functionality.
Disadvantages:

— Relatively static interface; the display 1s constrained to “pages”.

— Input widgets are limited (relative to VB, for instance).

— Layout varies across platforms.



Tools: Dynamic web pages

 Javascript can add considerable function to a web
page:
— Error and confirmation dialogues.
— Simple processing (arithmetic).
— Modifications to the display (eg, cycling an image).
* Frames can implement multi-window displays (eg,
a “tool bar” and a “work area™).

* Server-side CGI can be used to implement
complex processing (eg, database interaction).



Tools: scripting languages

Benefits of a scripting language (Perl, Python, Tcl, sh,
[Javascript]):

— Interpreted: you don’t have to recompile.

— High level data types (extensible arrays, hash tables).

— High level system functions (file I/O, string manipulation,
networking).

— Regular expressions for parsing/scanning strings and files.

Tk 1s a windowing library that may be used with any of the
above to quickly “script” a GUI.

Disadvantages:
— Interpreted code 1s generally slower than compiled code.

— Missing or flaky OO features (except Python).
— Less support for proprietary libraries and existing code.



Tools: Visual programming environments

Visual Basic (and similar products such as Symantec Café) let
you:

— Drag and drop to create an interface.

— Define attributes and methods from menus.

— Access lots of existing, reusable code.

VB is probably the very fastest way to put together a functional
program with a sophisticated graphical user interface.

Disadvantages:

— VB programs may be slower, larger and less robust than equivalent
programs written with (say) Visual C++.

— VB programs are in no way portable to a operation system other than
windows.

— VB programs may not be able access as many libraries and Windows
internals as C++ programs can.



Tools: database development tools

Database development tools (such as MS Access) allow:

— Graphical design of a database and corresponding user interfaces
(data entry, reports).

— Access to different databases (you can “bring together” various
existing databases).
These tools are particularly useful to try out the features of

a complex database schema, particularly if you’re not very
familiar with SQL.

Disadvantages:

— MS Access isn’t portable off of Windows (and Mac?) platforms,
though you may be able to use it to develop portable SQL
statements.

— Performance and external interfaces may be lacking (though not if
you’re using, for example, SQL Server and IIS on Windows NT).



Tools: “real” languages

* You may find it convenient to code your prototype 1n a real
language, like Java. Reasons include:

Your final product will be in Java.

Y ou’re more familiar with Java (you can start using it now, while
training on the implementation language).

AWT and Swing are flexible, powerful windowing libraries.
Java provides easier, safer networking and threads than C.
Java 1s type-safe and object-oriented.

« Disadvantages:

Programming in Java is usually slower than in, for example, Perl;
there’s nothing “rapid” about prototyping in Java.

[t takes more work to get something going in Java (particularly
user interfaces); likewise it takes longer to change it, and thus it’s
harder to try ideas.



How do I choose a prototyping tool?
* Some considerations in choosing a
prototyping too:
— Do you want to reuse the code?

— Are you focusing on the user interface? The
behavior? Internal implementations?

— How many prototypes are you doing? Will you
want to extend this one?

— What tools do you know already?

— What tools might be useful later (and are thus
worth learning/practicing now)?



Scenarios

* The next few slides present three 1maginary
example project scenarios. Each describes
the project, then describes a series of
prototypes, their focus, and the tools they’ll

Uusec.




Scenario: A web application, 1

* Project: amazon.com, or a subset thereof. Ie, an e-
commerce web site for selling books, with a shopping cart
and credit card payment. The final system will be

database-backed dynamic web pages via CGIs coded in
Perl.

* Prototype 1, technical feasibility: a Perl program that
makes credit card transactions work (probably by working
with a library provided by an e-commerce service or bank.
If this can’t be made to work, the implementation language
will have to be changed. If it still doesn’t work, the project
1s doomed.



Scenario: A web application, 2

« Prototype 2, basic Ul: a set of static web pages
demonstrating the product search, product display,
shopping cart contents, checkout and billing form screens
look like. The page layouts will be there, but the team
won’t spend too much time on making them “pretty”. The
prototype will be modified iteratively in conjunction with
the customer, until s/he 1s happy.

* Prototype 3, full demo: the pages from 2 are backed by
functional scripts; a user may access the site, search for a
product, add it to his/her cart, and then buy it. Credit
transactions and inventory management may not be
integrated yet. Again, the customer 1s consulted to make
sure s’he approves of the interface and features.



Scenario: GUI application

Project: A “slideshow’ editor. The user can have a series of “slides”
and switch back and forth between them. The user can add more or
less arbitrary text to a slide. The system should be able to save
slideshows to the disk and then open them again. The system should
be in Java (for platform independence).

Prototype 1, Ul: A mock-up of the main application window in
Visual Basic. It has all the buttons, tool bars, menus and main slide
editing window, but they don’t do anything. The prototype is shown to
the customer and a few of the future users, and refined according to
their comments.

Prototype 2, editing a slide: An rough start at the main slide-editing
functionality, in Java. This prototype is for the use of the developers,
to insure that they know how to do it, and to get an i1dea of the time
required to finish the full project. Some code may be reuseable, but it
will probably need to be redone.



Scenario: Application with no Ul

* Project: Implement a simple, fast web server in C. The server should
support the full HTTP protocol, including support for CGI and cookies.

* Prototype 1, making sure we can code C: The first prototype implements a
very basic server which takes client requests and answers ‘OK’. The server
has to do networking with sockets, has to be able to handle multiple requests
simultaneously (threads or multi-process?) and has to be in C. This exercise
proves the skills of the development team. The code may be reused if it 1s
good; otherwise 1t will be redone in the construction phase.

* Prototype 2, getting the behavior right: The second prototype helps the team
understand the the HTTP, CGI and Cookie protocols, so to implement them
correctly. This prototype need not be fast, robust or handle multiple
connections. The prototype will be in Perl or Python, for their easy, safe
data structures and string processing and easy networking libraries. The
final prototype should correctly implement the protocols, so to serve as an
example to the real implementation in C.



Exercise: design your own prototypes

Project: A web-based email client. ISD wants a full-featured email
client on the web, so that students can check their USC email from
anywhere. The system has to be extremely intuitive and easy-to-use.

Step 1: Identify a set of requirements for the systems function and
interface. Of these, which are most important (which have the highest
priority)?

Step 2: Suggest one or more prototypes to help in the following:

— The customer negotiations (figuring out what ISD wants, what they mean
by “full-featured”).

— The design (how should the development team decide on an
implementation? What are the hard parts of the implementation?).

— The users perspective (how does the team develop a good, intuitive, easy-
to-use interface?).
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